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FOREWORD

This report is a supplement to the Proceedings of the
Second IAEA Advisory Group Meeting on Fission Product Nuclear
Data held at ECN Petten, Netherlands, which are published in
2 volumes as Technical Report IAEA-213.

The first part contains some Annexes to review papers,
which were too bulky to be included in the Proceedings.

The second part contains selected contributions to review-
papers, including - among others - all papers which were present-
ed at the meeting in addition to the review papers.
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ANNEX TO REVIEW PAPER 4

(The importance of FPND in reactor design and operation)

C. Devillers

CEA Saclay, France

In this Annex the results of the sensitivity studies and of the
error calculations for the PP decay heat are presented for the follow-
ing five cases:

thermal fission

thermal fission

thermal fission

fast fission

fast fission

In all cases, the irradiation time is 900 days, and the fission
rate is 1 fission/sec. Neutron capture effects are not taken into
account (see RP 4,§ 4, Table VIII).

In the following there is to be found, for each of the 5 cases,
one Table summarizing the errors as a function of cooling time, followed
by Tables giving, for cooling times 10°,101,102f ... 10
due to those individual data for which the sensitivity is >0.01.

Note: The total error due to yields is calculated by:

sec, the errors

SIGN (i)
AF

yi

1/2

where is the value given in column 5» and

SIGN (i) is the sign preceding this value.
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LIST OP TABLES

thermal

Table 1: "Uncertainties in PP afterheat vs cooling time"

Tables 2-10: "Analysis of afterheat uncertainties" for cooling
times: 10°,101,102,... 108 sec respectively

235U thermal

Table 11: "Uncertainties in PP afterheat vs cooling time"

Tables 12-20: "Analysis of afterheat uncertainties" for cooling
times: 10°,101,102,...108 sec respectively

i thermal

Table 21: "Uncertainties in PP afterheat vs cooling time"

Tables 22-30: "Analysis of afterheat uncertainties" for cooling
times: 10°,101,102,... 108 sec respectively

fast

Table 31: "Uncertainties in PP afterheat vs cooling time"

Tables 32-40: "Analysis of afterheat uncertainties" for cooling
times: 10°,101,102,...10° sec respectively

238U fast

Table 41: "Uncertainties in PP afterheat vs cooling time"

Tables 42-50: "Analysis of afterheat uncertainties" for cooling
times: 10°,101,102,... 108 sec respectively

EXPLANATION OF HEADINGS

Tables 1,11,21,31

Title: Uncertainty in residual power due to fission products
Constant fission rate (1 fis./sec)
Irradiation time 7« 776 x 10' sec

col. 1: cooling time (sec)
col. 2: afterheat (MeV/sec)
col. 3: error due to fission yields
col. 4: error due to half-lives (%)
col. 5: error due to $
col. 6: total error
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Tables 2-10, 12-20, 22-30, 32-40, 42-50

Title: Residual power uncertainty analysis
Constant fission rate (1 fis./sec)
Irradiation time: 7*776 x 10? sec
Cooling time:
Residual power:
Uncertainty due to fission yields:
Uncertainty due to half—lives:
Uncertainty due to energies:
Total uncertainty

nuclide r „. . . ,,
I fission yield

afterheat sensitivity due to j half-life

I fission yield
half-life
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Table 1

ERREUR SUR LA PUISSANCE RESIDUtLLE OUt AUX PRODUITS DE FISSION
***** U233 THERMIQUE *****

TAUX OE FISSION CONSTANT (1 FIS./S.)

TEMPS Q'IRRADIATION 7.776E 07 S

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TEMPS
REF,
(S)

l.OE
2.OE
5.0E
i.OE
2.0E
5.0E
l.OE
2.OE
5.0E
l.OE
2.0E
5.0E
l.OE
2.OE
5.OE
l.OE
2.0E
5.OE
l.OE
2.0E
5.0E
l.OE
2.OE
5.0E
l.OE

00
00
00
01
01
01
02
02
02
03
03
03
04
04
04
05
05
05
06
06
06
07
07
07
08

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PUISSANCE
RESIDUEL
(MEV/S)

9.3849E
9.1024E
8.5655E
8.0362E
7.4P62E
6.5210E
5.7848E
5.0694E
4.2133E
3.6100E
3.0190E
2.3071E
1.8490E
1.4582E
1.0557E
8,40a0E-
6.8683E-
5.2607E-
4.1357E-
3.0518E-
1.8490E-

LE

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01
01

1.1361E-01
6.0153E-02
2.2942E-02
1.1686E-02

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR
DUE AU
REND,
(X)

0.953
0.919
0.856
0.796
0.737
0.665
0.617
0,590
0.582
0.585
0.581
0.536
0,517
0.517
0.550
0,606
0.681
0.802
0.953
1.175
1.432
1,373
0,929
0.578
0.779

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR
DUE A
LA PER
(%)

0.155
0.134
0,114
0.136
0.185
0,253
0.321
0.382
0.308
0,146
0,080
0,105
0,175
0.311
0.520
0.478
0.236
0.112
0.148
0.198
0.165
0.126
0.136
0.554
0.924

I
I
ERREUR
DUE AUX

.lENERGItS
I

1
I
I
I
I
I
I
I
I
I
I
I
I
J
I
I
I
I
I
I
I
I
I
J
I

(X)

1,405
1.395
1.362
1.311
1.235
1.115
0.993
0.837
0.696
0.645
0.623
0.665
0,722
0.776
0.646
0,940
1.072
1.267
1.428
1.626
1.998
2,445
3.260
3.754
2.742

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR
TOTALE

1.705
1.676
1.613
1.540
1.450
1.323
1.213
1.093
0,958
0.883
0.855
0.862
0.905
0.983
1.135
1.217
1.291
1.504
1.724
2.018
2.464
2.807
3.393
3.838
2.996

I
I
I
I

I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 2

ANALYSE DE L'ERBtL'R SHR LA PUISSANCE RESIDUELLE
U233 THERMIQUE TAUX PL FISSION CONSTANT (1 FI5./S.)

TEMPS D, IRRADIATION
TEMPS DE REFRUIDISSE'-iENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TQTALE

7.776E 07 S
1.000E 00 S
9.335E 00 (MfcV/S)
0.953 X
0,155 X
1.405 X
1,705 %

I NUCLEIDE I SENSIPILITE DE PUISSANCE
I PESIDUELLE A
I REND, PERIODE EBUM

I I
I I
I ERREUR SUR PUISSANCEI
I RESIDUELLE DUE A I
I REND PER, EB5M II C%) I

I BR 66
I BR 68
I BR 89
I KR 88
I Rb 86
I KR 89
I RB 89
I KR 90
I RB 90F
I KR 91
I R6 91
I RB 92
I RB 93
I SR 92

Y 92
I SR 93
I SR 9a

Y 9a
I SR 95
I Y 95
I SR 9b
I Y 96
I Y 97
I Z« 98
I ZR 99
I ZR100
I NB100F
I TE132
I I132F
I TE133M
I TE134
I I13UF
I XE137
I XE138
I CS138F
I XE139
I CS139
I XE140

I CSiao
I csiai
I LA140

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.007
0,028
0,014
0.019
0.001
0.034
0.004
0,032
0,005
0,021
0,023
0.027
0.019
0.008
0.000
0,019
0.026
0.003
0,029

0.010
0.013
0.013
0.013
0.011
0,016
0.01U
0,002
0.011
0,000
0.013
0.012
0.005
0.009
0.021
0.002
0.017
0,009
0,015
0,026
0,015
0,000

- 0 , 0 0 0
0 . 0 0 0
0 . 0 0 1

- 0 . 0 0 1
0 . 0 0 0
0 . 0 0 0

• 0 . 0 0 1
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0

• 0 . 0 0 0
0 . 0 0 3
0 . 0 0 1

- 0 . 0 0 0
0 . 0 0 0
0 , 0 0 0

- 0 , 0 0 0
- 0 . 0 0 0

0 . 0 0 1
- 0 . 0 0 0

0 . 0 0 1
0 . 0 0 0
0 . 0 0 3
0 .C01
0 . 0 0 2
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0

- 0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 0 . 0 0 0
0 . 0 0 1
0 . 0 0 0

- 0 . 0 0 0
0 , 0 0 0

- 0 . 0 0 0
0 . 0 0 0

- 0 . 0 0 0

0 . 0 1 2
0 . 0 1 3
0 . 0 0 5
0 , 0 1 2
0 . 0 2 2
0 . 0 1 9
0 . 0 2 1
0 . 0 1 3
0 . 0 2 3
0 , 0 0 5
0 . 0 2 4
0 . 0 1 9
0 . 0 1 1
0 . 0 1 0
0 . 0 1 1
0 . 0 1 8
0 . 0 1 2
0 . 0 2 0
0 . 0 1 4
0 . 0 1 3
0 . 0 0 4
0 . 0 2 0
0 , 0 0 6
0 , 0 0 6
0 . 0 0 6
0 . 0 0 4
0 , 0 1 1
0 . 0 0 2
0 . 0 1 4
0 . 0 0 6
0 , 0 0 2
0 , 0 1 6
0 . 0 1 1
0 , 0 0 8
0 . 0 1 7
0 . 0 0 6
0 . 0 1 2
0 , 0 0 4
0 , 0 1 9
0 , 0 0 7
0 . 0 1 7

I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

- 0 . 1 1
C.24
0 . 2 6

• 0 , 1 6
- 0 , 0 5

0 , 0 7
- 0 . 1 5

0 . 1 3
• 0 . 0 6

0 . 1 0
0 . 2 7
0 . 3 6
0 , 3 4

- 0 , 2 4
- 0 , 0 1
- 0 , 2 2
- 0 . 1 4
- 0 . 1 0

0 , 3 4
- 0 , 2 0

0 . 2 5
0 . 0 7
0 . 1 0

• 0 , 0 6
0 , 0 7
0 , 1 6

- 0 , 0 9
- 0 , 0 3
- 0 , 0 1
- 0 , 0 2

0 , 0 4
0 , 0 1

- 0 . 0 2
0 , 0 3

- 0 . 1 1
0 , 1 1

- 0 , 1 0
0 , 0 5
0 . 1 4
0 , 2 3

• 0 , 0 0

0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 , 0 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 2
0 . 0 1
0 , 0 2
0 , 0 0
0 . 0 2
0 , 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0

0 , 1 1
0 , 4 5
0 . 1 6
0 . 0 2
0 . 0 5
0 , 0 5
0 , 0 3
0 , 0 3
0 , 0 6
0 , 1 8
0 , 0 9
0 , 1 1
0 , 0 3
0 . 0 2
0 , 0 6
0 . 1 5
0 , 2 8
0 . 1 5
0 . 3 2
0 , 0 7
0 . 1 5
0 . 7 0
0 . 0 5
0 . 0 5
0 , 0 7
0 . 1 4
0 . 3 2
0 . 0 1
0 , 0 2
0 . 0 3
0 , 0 6
0 , 0 5
0 , 0 8
0 , 0 3
0 , 0 6
0 , 0 4
0 , 0 9

o.oe
o.oe
0 . 1 6
0 , 0 3

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 2 cont'd

I
I
I
I
I

BAlttl
BA142
LA142

8A1«3
BAiaa

I
I
I
I
I

0.010
0,02?
0,002

0.018
0.011

-0.000

-0,000
-0.000

0.000
0.000

0.011
0,006

0.021

0.008

0,003

I
I
I
I
I

-0,15
-0,08
-0.10

0.13
0,16

0.00
0,00
0.00

0,00
0,00

0,06
0,07

o.oa
0,30
0.12

I
I
I
I
I

Table 3

ANALYSE DE L'ERREUR SUR LA PUISSANCE
U233 THERMIQUE TAUX DE FISSION

TEMPS D
,
IRRADIATION

TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS

OUE AUX PERIODES
DUE AUX ENERGIES
TOTALE

ERREUR

ERREUR.
ERREUR

7.776E 07
1.000E 01
8.036E 00
0,796 X
0.136
1.311
1.540

RESIDUELLE
CONSTANT (1
S
S
(MEV/S)

FIS./S.)

%
X
%

I
I I

I NUCLEIDE I SENSI6ILITE DE PUISSANCE
I I
I ERREUR SUR PUISSANCEl

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

BR
BR
BR
KR
BR
KR
RB
KR
RB
Kfc
RB
RB
KR

Rβ

RB
RB
SR
Y

SR
Y

66
67
88

67
89

66

66
89
89

90
90M

90F
91

91
92
93
92
92
93

93F

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

RES
REND.

0,007
0,010

0,028
0,004

0,012
0.022
0.001
0.039

0.004
0.035
0.007
0.006
0.020
0.025
0.019
0.015
0.009

0,000

0,022

0,000

IDUELLE A
PERIODE

0,001
0.001

0.004
0.000
0.002

-0,001

0.000
0.001

-0.001
0.003
0.001

0. 001

0.003
0.002

0.008
0.005

•0.000
0.000
0.001

0,000

EBGM

0,013
0,009

0.010
0.010

0.001
0,014

0,026
0,022

0,025
0.012
0,011
0,026
0,003
0,026
0.005
0,004

0.012
0.013
0,021
0.011

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

RESI
REND
(X)

-0.10
0.05
0.21

-0,05
0,19

-0.15
-0,06

0,15
-0,15
0,14
0,04

-0,06
0.09
0.29

0,17
0,20

-0,14
-0,01
-0,15
-0,02

DUELLE
PER,
(X)

0,01

0,00
0,00
0.00
0.00

0.00
0.00
0.00

0.00
0,00
0,01
o.oi
0.03
0.02
0.01
0,00
0.00
0.00
0,00

0,00

DUE
EB
(

0
0
0
0
0

0
0
0

0
0
0
0

0

0
0
0
0
0
0

0

A
GM
X3

.12

.2a

.35

.04

.04

.03
,06

.06

.04

.03

.02

.07

.10

.10

.03

.01

.03

.07

.17

.07

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I

- 6 -



Table 3 cont'd

I
I
I
I
I
i

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SR
Y

SR
Y

SR
Y

ZR
TE
I
TE
TE
I
I

XE
Xt
CS
XE
CS
XE
CS
CS
LA
BA
BA
LA
BA
BA

9a
9a
95
95
96
9b
98
132
132F
133*
13a
134F
135
137
136
138F
139
139
140
lao
lai
140
141
142
142
143
14a

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I

0.029
0.00a
0.030
0.012
0,011
o.oia
0.011
0.012
0.000
0.015
O.Oia
0.0C6
0.012
0.010
0.025
0.003
0,018
0,010
0,015
0.029
0.016
0.000
0.012
0,026
0,003
0.017
0.011

0.001
-0.000
o.ooa

-0.000
0.002
0,001
0.003
0.000

-0.000
0.000
0,000
0,000
0.000
0,001
-0.000
0.001
0.002

-0.000
0.002
0,001
0,002
-0.000
-0.000
.0.000
-o.coo
0.003
0,002

0.013
0.02a
0.013
0.016
0,001
0,023
0,006
0,002
0.016
0.009
0.003
0,021
0,011
0.013
0,009
0.020
0,008
0.014
0.003
0.021
0.007
0.020
0.013
0.009
0.025
0.006
0,002

I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,10
-0,10
0.35

-0,21
0,17
0.16
0.00

-0,03
-0,01
-0,01
0,05
0.01

-0.05
-0.01
0.10

-0.10
0.12

-0,09
0.05
0.15
0,23
-0,00
-0,16
0.11

-0.10
0.12
0.15

0.00
0,00
0,04
0.00
0.01
0.02
0,03
0,00
0.00
0.00
0,00
0.00
0,00
0.00
0.00
0.00
0,00
0,00
0.02
0.01
0,00
0,00
0,00
0,00
0,00
0.03
0,02

0,31
0.17
0,29
0,08
0,03
0,79
0,05
0,01
0,03
0,03
0,07
0.05
0,02
0.09
0.04
0.06
0,04
0.10
0,06
0,09
0 . 1 tt
0,04
0,07
0,06
0,05
0.20
0,09

I
I
I
I
!
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 4

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE

U233 THERMIQUE TAUX DE FISSION CONSTANT (1 HS./S.)

7.776E 07 S

i.OOOE 02 S

TEMPS 0
,
IRRADIATION

TEMPS DE REFRQIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DuE AUX RENOEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

5.785E 00 (MEV/S)
0.617 %
0.321 X
0.993 X
1.213 X

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIOUELLE A
I I REND. PERIODS fcBGM
I I

I I
I I
I ERREUR SUR PUISSANCEl
I RESIDUELLE DUE A I
I REND PER. EBGM I
I (%) (X) (%) I

I
I
I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

68
87
89
88
88
89
89

90F

91

91
92
91
93
92
92
93

BR
KR
BR
KR
R8
KR
Rβ
KR 90
RB 90M
R6
KR
RB
RΒ

S*
RB
SR
Y

SR

93F

9a

Y
SR
y 94

SR 95
Y 95
Y 96
Y 97

NB 97F
SB131
TE132
I132F

TE133M
TE134
I134F
1135

XE137
XE138
CS138F
XE139
CS139

I
I
i
I
i
I
I
I
I
I
i
I
I
I
I
i
I
I
I
I
i
I
I
I
I
i

csiao
csiai

I
I
I
I
i
I
I
I
I
I

0.025
0.006
0.013
0.030
0.001
0,047
0,006
0.028
0.008
0.005
0.014
0,021
0.019
0.003
0.013
0.013
0.000
0.028
0.000
0.031
0,005
0.025
0.015
0.012
0.013
0,000
0.011
0,017
0.001
0.020
0.020
0,009
0,016
0,010
0,033
0.004
0.017
0,013
0,011
0,027
0,014

0.002
0.000
0,000

- 0 , 0 0 1
0,000
0.009

- 0 . 0 0 1
0.009
0.004
0.009
0.001
0.013
0.000
0.001
0.000
0.000
0.001
0.005
0.001
0.007
0.000
0.006
0.001
0.010
0.000
0.000
0,000
0.000

-0.000
0.001
0.001
0.001
0,001
0.004
0.001
0.001
0.005
0.002
0.001
0.011
0,002

0.000 I
0.014 I
0.000 I
0.020 I
Q.0J5 I
0.021 I
0.034 I
0.002 I
0 .013 I
0.027 I
0.000 I
0.012 I
0.000 I
0,013 I
0.000 I
0.017 I
o .o ie i
0 .025 I
0 .015 2
0.007 I
0,032 I
0.002 I
0.020 I
0.019 I
0.000 I
0.010 I
0.007 I
0 .003 I
0.022 I
0.012 I
0,004 I
0,029 I
0,015 I
0.014 I
0,012 X
0.028 I
0.002 I
0.018 I
0.000 I
0.011 2
0,001 I

0.05
-0,04

0.16
0,08

-0.06
0.20

-0.17
0.09

0,10

-0.07

0.04
0.19
0.03

-0,15
0.06
0,02

-0.01
0,05

-0.03
0.10
-0.09

0.20

-0.09

0,16
-0.02
-0,01
-0,03
-0,03
-0,01
0.05
0.07
0.02
0,04
0.04
0.18

-0,10
0.08
0,01
0.02
0.11
0.11

0.00

0.00

0.00

0.00
0,00
0.01
0.00
0,00
0.06
0.14

0.01
0.13
0.00
0.01
0.00
0.00
0.00
0.01
0.01
0,00
0.00

0.06
0,00
0.17
0.00
0.00
0,00
0,00
0,00
0,00
0.00
0.00
0,00
0,00
0,00
0.00
0.01
0.01
0.01
o,u
0.00

0.01 I
0.06 I
0.00 I

0.04 I

0.09 I
0.06 I
0.05 I
0.01 I
0.02 I
0.07 I

0,00 T

0,05 I

0.00 I
0.05 I
0.00 I
0.04 I
0,10 I
0.20 I
0.10 I
0.17 I
0.23 I

o.oa i
0.10 I
0.68 I
0.00 I
0.04 I
0.16 I
0.01 I
0,04 I
0,05 I
0.10 I
0,08 I
0.05 I
0.09 I
0.05 I
0.09 I
0.01 I
0.13 I
0,00 I
0.05 I
0.01 I
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Table 4 cont'd

I
I
I
I
I
I
I
I
I

IA140

csia2
BA141

LA141

BAU2
LA142
BA143
LA1U3
PR146

I
I
I
I
I
I
I
I
I

G.000
0,010
0,016
0,000
0,035
0.004
0.016
0.006
0.000

-0.000
0,000
0.001
0.000
0,001

-0,000
0.001
0.001

o.ooc

0,028
0.000
0.017
0.011
0,012
0,034
0,000
0,012
0,011

I
I
I
I
I
I
I
I
I

-0,00
0.06
-0,04
-0.03
0.15

-0,13
0.03

-0,02
-0.01

0.00
0,00
0,00
0.00
0.00
0.00
0.01
0.00
0.00

0,05
0,00
0,09
0.0ft
0.10
0.07
0,00
0.09
0,05

I
I
I
I
I
I
I
I
I

Table 5

ANALYSE OE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U233 THERMIQUE TAUX DE FISSION CONSTANT (1 FIS./S,)
TEMPS D

,
IRRADIATION 7.776E 07 S

TEMPS DE REFROIDISSEMENT 1.000E 03 S
PUISSANCfc RESIDUELLE 3.610E 00 (MEV/8)
ERREUR DUE AUX RENDEMENTS 0.585 X
ERREUR DUE AUX PERIGDES 0.146 X
ERREUR DUE AUX ENERGIES 0,645 X
ERREUR TOTALE 0.883 %

I
I
I NUCLEIDE
I
I
I

I
I
I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND. PERIODE EeGM

I
I
I
I
I
I

ERREUR SUR
RESIOUELLE
REND PER
C*> (%)

PUISSANCE
DUE A
. EBGM

(X)

I
I
T
I
I
I

I BR 88
I KR 87
I KR 88
I Rβ 88
I KR 89
I RB 89
I KR 91
I RB 91
I RB 92
I SR 91

Y 91F
I RB 93
I SR 92

Y 92
I SR 93
I Y 93F
I SR 94

Y 94
I SR 95
I Y 95
I ZR 95
I NB 95F

I

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,038
0,008
0,047
0,001
0.031
0.0C5
0.013
0.021
0.030
0.006
0.000
0.011
0.019
0,000
0.023
0,001
0.023
0.005
0.023
0.016
0.001
0.000

0.000
0.003
0.001
0.002
0.012
0.016
0,000
0.000
0.000
0.002
0.001
0.000
0,002
0.001
0.016
0.001
0.002
0,017
0.000
0,012
0.003
0,000

0.000

0.019
0.030
0.055
0.001
0.031
0,000
0.000
0,0
0.021
0,010
0.0
0,025
0.028
0,009
0.023
0.000
0.029
0,000
0.011
0.014
0.013

0.08
0.01
0,16

-0.09
0.08

I -0.09
I 0.01

0.04
0.05
0.02

I -0.00
I 0,05

0,03
•0.01
0,02

•0.02
0.04

-0.04
I 0.15
I 0,06
I -0,02
I -0.00

0,00
0,00
0.00
0.00
0.01
0.01
0,00
0.00
0.00
0.02
0,00
0,00
0,00
0.00
0.03
0.01
0.00
0.01
0,00
0,03
0.00
0,00

0,00 I
0,08 I
0,06 I
0,14 I
0.00 I
0,04 I
0,00 I
0,00 I
0.0 1
0.09 I
0,08 I
0,0 I
0,06 I
0,16 I
0,07 I
0.15 I
0,00 I
0,21 I
0,00 !
0.06 I
0.02 I
0.01 I
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Table 5 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Y
ZR
N6
S6i

Ttl
11

TE1
11

TE1
11
II
XEl
CS1
XEl
CS1
bAl
Xtl
CS1
CS1
BA1
LAI
C51
8A1

LAI
8A1
LAI
BAl
CE1
CE1
PR1
CE1
PR1

97
97
97F
31

32
32F
33M
33F
34
34F
35
38
38F
39

39

39

40
40

41
40

40
42
41

41
42
42
43
43
44

44F
46

46

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.021
0.014
0.000
0.013
0.026
0,001
0,029
0.003
0.02°
0.011
0.025
0.040
0,004
0.012
0.011
0.001
0.012
0.030
0,015
0.014

0.000
0.013
0.019
0.001
0,044
0,005
0.018
0.000
0,001
0.000
0.010
0,000

0.000
0.000
0.000
0,004
0.001
0.000
0.004

-0.000
0.003
0.0 05
0.002
0.011
0.007
0.000
0.011
0.001
0.000
0.000
0.000

-0.001

-0.000
0,000
0.0 09
0.000
0.009
0.003
0.000

-0.000
-0.011
0.000
0.003
0.003

0.0

0.013
0.016
0,007
0.004
0.036
0,016
0.016
0.005
0.042
0.023
0.009
0.039
0.000
0,009
0,015
0,000
O.OOC
0.000
0.008
0.045
0.0

0.015
0.017
0,007
0.052
0,000
0.011
0.001
0.014
0.002
0.015

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

• 0
0

-o
0

0

• o
0

-0
0

0
0

0
-0

0
0

-0

0

0
0

0

-o
0
0

-0
0

-0

0
-0

0

-0
-0

• 0

.03

.06

.01

.02

.05

.01

.11

.02

.11

.02

.Ob

.25

.Oβ

.04

.05

.01
,00
.02
.09

.00

.00

.07

.07

.03

.16

.15

.03

.01

.00

.00

.01

.02

0
0
0

0

0
0
0

0
0

0
0
0
0

0
0

0

0

0
0
0
0

0
0
0
0
0
0
0

0

0
0
0

.00

.00

.00

.01

.00

.00

.00

.00

.01

.01

.00

.01
,00

,00
.04

.00

.00

.00

.00

.00

.00
,00

.00

.00

.01

.00

.00

.00

.00
,00
.01
.01

0,0
0,08
0,06
0.16
0.02
0.06
0.06
0.07
0.12

o.u
0,05
0.03
0.12
0.00
0,06
0.10
0.00
0,00
0,00
0.05
0,09
0,0

o.oe
0,13
0.05
0,11
0,00
0,06
0.01
0,10
0,02
0,07

I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 6

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U233 THERMIQUE TAUX DE FISSION CONSTANT (1 FIS./S.)
TEMPS D

,
IRRADIATION

TEMPS DE REFROIDISSEMENT

PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7 . 7 7 6 E
1.000E
1.649E
0 . S 1 7
0 . 1 7 5
0 . 7 2 2
0.905

X
X
X
X

07
04
00

s
s
CMEV/S)

I I
I I
I NUCLEIDE I SENSIBIL1TE DE PUISSANCE

I I RESIDUELLE A
I I REND. PERIODE EBGM

I I

I I

I ERREUR SUN PUISSANCEI
I RESIDUELLE DUE A I
I REND PER. EBGM I
I (X) (X) (X) I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

BR

KR

KR

RB

KR

SR

KR

RB

RB

SR

Y

Y

RB

SR

Y

SR

Y

SR

Y

ZR

NB

Y

ZR

Nβ

Nb

ZR

MO

88

87

68

88

89

89

91

91

92
91
91M

91F

93

92

92

93

93F

95

95

95

95F
97
97
97M

97F

99

99
TE131M
1131

SB132M
SB132F
TE132
I132F

TE133M
I133F

TE134
I134F

TE135
1135

XE135F

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 . 0 4 0
0 . 0 0 4
0 , 0 4 9
0 , 0 0 0
0 . 0 1 4
0 . 0 0 0
0 . 0 2 3
0 . 0 3 6
0 . 0 4 0
0 . 0 1 0
0 . 0 0 0
0 . 0 0 0
0 . 0 1 2
0 . 0 2 6
0 . 0 0 0
0 . 0 2 6
0 . 0 0 1
0 . 0 3 1
0 . 0 2 2
0 . 0 0 2
0 . 0 0 0
0 . 0 3 8
0 , 0 26
0 . 0 0 0

0 , 0 0 0
0 . 0 1 3
0 . 0 0 0
0 . 0 1 3
0 , 0 0 0
0 . 0 1 1
0 . 0 1 1
0 . 0 5 3
0 . 0 0 1
0 . 0 2 5
0 . 0 0 5
0 . 0 1 6
0 . 0 0 3
0 . 0 1 2
0 . 0 4 0
0 . 0 0 1

0 . 0 0 0
0 . 0 1 4
0 . 0 5 4
0 . 0 0 7
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 1 1
0 , 0 0 1
0 , 0 0 1
0 , 0 0 0
0 , 0 2 5
0 , 0 0 9
0 , 0 0 0
0 , 0 0 9
0 , 0 0 0
0 . 0 0 0
0 . 0 05

o . o o i
0 . 0 0 0
0 . 0 0 6
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 , 0 0 1
0 . 0 0 1
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 2
0 . 0 1 2
0 , 0 0 2
0 , 0 1 3
0 . 0 2 4
0 . 0 0 0
0 , 0 1 4
0 . 0 0 2

0 . 0
0 . 0 0 9
0 . 0 3 0
0 . 0 5 8
0 , 0 0 0
0 . 0 1 9
0 . 0
0 . 0
0 , 0
0 . 0 3 4
0 . 0 1 2
0 , 0 2 0
0 , 0
0 . 0 2 5
0 , 0 4 8
0 . 0 0 0
0 . 0 3 8
0 . 0
0 , 0 0 0
0 , 0 2 7
0,025
0 , 0
0 . 0 2 3
0 . 0 1 6
0 . 0 2 9
0 , 0
0 . 0 1 4
0 , 0 0 8
0 , 0 1 0
0 , 0 0 0
0 , 0 0 0
0 , 0 0 8
0 , 0 6 7
0 . 0 0 4
0 . 0 2 9
0 . 0 0 1
0 . 0 1 7
0 . 0
0 . 0 3 4
0 . 0 1 6

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 . 1 1
0 . 0 1
0 . 2 0

- 0 , 0 1
- 0 . 0 4
- 0 . 0 0

0 . 0 1
0 . 0 7
0 . 0 7
0 , 0 3

- 0 , 0 0
- 0 , 0 0

0 , 0 5
0 , 0 4

- 0 , 0 2
- 0 . 0 2
- 0 , 0 1

0 , 1 9
0 , 1 0
0 . 0 1

- 0 . 0 0
- 0 . 0 5

0 . 1 0
- 0 . 0 1
- 0 . 0 1

0 . 0 6
0 , 0 0
0 , 0 8

- 0 , 0 0
0 , 0 4
0 , 0 4
0 , 1 1

- 0 , 0 3
0 . 0 7

- 0 , 0 1
0 , 0 7

- 0 , 0 1
0 . 1 1
0 . 1 2

- 0 , 0 4

0 , 0 0
0 , 0 1
0 , 0 4
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 1 2
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 1
0 , 0 1
0 , 0 0
0 , 0 9
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 , 0 0
0 . 0 1
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 , 0 0
0 . 0 1
0 . 0 1
0 , 0 0
0 , 0 3
0 , 0 5
0 , 0 0
0 , 0 2
0 , 0 0

0 , 0
0 . 0 4
0 , 0 6
0 , 1 5
0 , 0 0
0.15
0 . 0
0 , 0
0 . 0
0 . 1 4
0 . 1 8
0 . 1 6
0 , 0
0 , 0 6
0.27
0 , 0 0
0.25
0 . 0
0 , 0 0
0 , 0 5
0 , 0 2
0 , 0
0,13
0 . 0 0
0 , 1 1
0 , 0
0 , 0 8
0 , 0 1
0 . 0 4
0 , 0 0
0 , 0 0
0 . 0 4
0 . 1 1
0,02
0 .13
0.02
0.05
0 . 0
0 , 0 8
0 , 0 9

I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 6 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CS13SF
BA139
XE140
CS140

cam
BA140
UAi«0
BAiai

BA1«2
LA142
BA143
CE143
BA144
LA144
CE144
PR144F

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,000
0.001
0.023
0.059
0.013
0.028
0,000
0.016
0.001
0.026
0,003
0.021
0.001
0.014
0.013
0.003
0,000

0.014
0,010
0,000
0,000
0.000

-0.002
-0,000
0,003
0.010
0,004
0.037
0.000
0.001
0,000
0.000

-0.022
0.000

0.004
0,008
0,0
0.0
0.0
0.015
0.089
0,000
0.022
0,000
0.033
0.0
0,021
0,0
0,0
0,002
0,027

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-0,01
-0.00
0,00
0.04
0,07
0.01

-0.00
0.06

-0.01
0.08

-0.07
0,02

-0,00
0.01
0.01
0.01

• 0,00

0,00
0,00
0.00
0,00
0,00
0.00
0,00
0,00
0,01
0.00
0,03
0,00
0,00
0.00
0.00
0.01
0,00

0.01
0.06
0.0
0,0
0,0
0.10
0,17
0,00
0,17
0.00
0,07
0,0
0,10
0.0
0.0
0.02
0,19

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

- 12 -



Table 7

ANALYSE DE L,ERREUR SUR LA PUISSANCE RESIDUELLE
u233 THERMIQUE T A U X DE FISSION CONSTANT CI FIS,/$.)

TEMPS O,IRRADIATION
TEMPS DE REPHOIOISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENT3
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7,776E 07 3
1.000E 05 S
8.408E-01 CMEV/3)
0.608 X
0,478 X
0,940 X
1.217 %

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1
]

NUCLEIDE ]
]
]
3

KR 89 ]
SR 89 ]
KR 91 ]
RB 91 ]
SR 91 :
Y 91F ]

SR 93 ]
Y 93F ]

SR 95 ]
Y 95 ]

ZR 95 ]
NB 95F ]
Y 97 ]

ZR 97 ]
NB 97W ]
NB 97F ]
ZR 99 ]
MO 99 ]
RU103 ]
SB131 ]
TE131* ;
mi ;

SB132M :
S8132F }
TE132 ]
I132F ]

TE133M ]
I133F ]

XE133F )
1135 3

XE135F ]
XE140 ]
CS140 j
8A140
LA140 ;
CE141
BA143 !
LA143
CE143
PR143
6A144
LA144
CE144 ;
PR144F

[
;
[ SENSIBILITE DE PUISSANCE
I RESIDUELLE A

i REND.
[

[ 0.029
[ 0,000
[ 0.021
I 0.033
I 0,009
I 0.000
t 0,011
[ 0.000
[ 0.067
[ 0.0^8
[ 0.004
i 0.000
[ 0.030
C 0.021
[ 0.000
I 0,000
[ 0.022
i 0.000
[ 0.000
[ o.oio
I 0.018
[ 0.000
[ 0.019
t 0.019
t 0,093
[ 0.000
I 0.022
[ 0.006
[ 0,000
I 0.013
I 0.001
[ 0.049
[ 0.126
[ 0.059
[ 0.000
[ 0.000
t 0,032
C 0.013
[ 0.001
[ 0,000
I 0.030
I 0.029
C 0.006
I 0,000

PERIODS

0.000
0.002
0.000
0.000
0.034
0.003
0.000
0.030
0.000
0.000
0.012
0.002
0.000
0.058
0.000
0,002
0.000
0.009
0,000
0.000
0.008
0.001
0.000
0.000
0.035
0.004
0.001
0.025
0.001
0.026
0.011
0,000
0.000

•0.000
0.003
0,001
0.000
0.000
0.016

-0.000
0.000
0.000

-0.048
0.000

EBGM

0,0
0.041
0,0
0,0
0.011
0,043
0,0
0,014
0.0
0,0
0.059
0.054
0.0
0.017
0,012
0.022
0.0
0.024
0.010
0.000
0.010
0.020
0,0
0,0
0,013
0,115
0.000
0,026
0.012
0.005
0.009
0,0
0,0
0.032
0.192
0.017
0,0
0,000
0,026
0,020
0.0
0,0
0,005
0.059

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

I
I

SUR PUISSANCEI
RESIDUELLE
REND
CX)

0,07
0.00
0.01
0.06
0.03

-0,00
0.02

-0.00
0.43
0.22
0.02

-0.00
-0,04
0,08

-0,00
-0,00
0.10
0.00
0.00

• 0,03
0.11

-0,00
0,08
0,08
0,22

-0.00
0.02

-0,00
-0,00
0.04

-0.01
0.01
0.08
0.02

-0.00
-0.00
0.04
0.01

•0.00
-0,00
0.03
0.03
0.01

•0.00

PfcRt
(X)

0.00
0.00
0.00
0.00
0.36
0,00
0.00
0.29
0.00
0.00
0.00
0,00
0,00
0,07
0.00
0.00
0,00
0.00
0.00
0.00
0.01
0,00
0,00
0,00
0,03
0.03
0.00
0.01
0.00
0.04
0.00
0.00
0.00
0.00

o.oo
0.00
0.00
0.00
0.02
0,00
0,00
0,00
0.02
0.00

DUE A I
EBGM I
(X) I

0.0 I
0.31 I
0.0 I
0.0 I
0.04 I
0.35 I
0.0 I
0.09 I
0.0 I
0.0 I
0.10 I
0.04 I
0.0 I
0.10 I
0,00 I
0.08 I
0.0 I
0,14 I
0.02 I
0,00 I
0,01 I
0,07 I
0,0 I
0,0 I
0.07 I
0.18 I
0.00 I
0.11 I
0,08 I
0.01 I
0.05 I
0.0 I
0.0 I
0.21 I
0.37 I
0.34 T
0.0 I
0.00 I
0.13 I
0.20 I
0,0 I
0,0 I
0,05 I
0,41 I
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Table 8

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U233 THERMIQUE T A U X DE FISSION CONSTANT (1 FIS./S,)
TEMPS D'IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 06 S
4.136E-01 (MEV/S)
0.953 X
0.148 X
1,428 X
1.724 X

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I REND. PERIODE EBGM
I I

I I
I I
I ERREUR SUR PUISSANCEI
I RESIDUELLE DUE A j
I REND PER. EBGM i
I (%) (X) (X) I

I
I
I
I
I
I
I
I
I
I
I
I
X
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

BR 09
KR 69
RB 89
SR 89
KR 91
RB 91
SR 91
Y 91F

SR 95
Y 95

ZR 95
NB 95F
MO 99
NB103
RU103
1131

TE132
1132F

XE14Q
CS140
CSlûl
BA140
LA140
BA141
CE141
BA143
PR143
BA144
LA144
CE144
PR144F

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.013
0,051
0.010
0.000
0.027
0.042
0.011
0,000
0.128
0.091
0.008
0,000
0,000
0,013
0,000
0.000
0.024
0,0
0.059
0.154
0,011
0,072
0,000
0,014
0,000
0,018
0,000
0,060
0.058
0.013
0.0

0.000
0,000
0.000
0,015
0,000
0.000
0.001
0.016
0.000
0.000
0.040
0.005
0.014

-0,000
0.005
0.015
0,074
0,001
0,000
0.000
0,000
0,138
0,033
0,000
0,008

o.ooo
0,012
0,000
0,000

-0,092
0.000

0,0
0,0
0,0
0.072
0,0
0.0
0.000
0.077
0,0
0.0
0.107
0.109
0.003
0,0
0,017
0.017
0.003
0,023
0,0
0,0
0,0
0,035
0.237
0.0
0.027
0.0
0.025
0.0
0,0
0.009
0.116

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

• 0,08
0,13
0,11
0,00
0.01
0.08
0,04

• 0.00
0.81
0,41
0,04

•0,00
0,00
0,06
0.00

-0.00
0.06
0,0
0,01
0,10
0.06
0.02

•0.00
0,05
0.00
0,02

-0,00
0,06
0,06
0.03
0.0

0.00
0,00
0,00
0.01
0,00
0,00
0.01
0,01
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,06
0,01
0,00
0.00
0,00
0,12
0,05
0,00
0,00
0,00
0,01
0,00
0,00
0,03
0,00

0,0
0,0
0.0
0.55
0,0
0,0
0,00
0,63
0.0
0,0
0,18
0.08
0,02
0,0
0.03
0,06
0,01
0,04
0,0
0,0
0,0
0,23
0.U5
0.0
0.54
0,0
0,25
0,0
0,0
0,10
0.81

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 9

ANALYSE DE L'ERREUR SUR f
U2 33 THERMIQUE TAUX
TEMPS D1 IRRADIATION1

TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR Duc AUX ENERGIES
ERREUR TOTALE

i PUISSANCE
DE FISSION

776E 07
000E 07
136E-01
373 X
126 X
445 X
807 %

RESIDUELLE
CONSTANT (1
S
S
(MEV/S)

FIS./S.)

I NuCLfcIDE I SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND, PERIODE E8GM

I I
I I
I ERREUR SUR PUISSANCEl
I RESIDUELLE DUE A I
I REND PfcR. EBGM I
I (%) IX) (X) I

69
89
69
90
90
9QF
91
91
91
91F
95
95

ZR 95
NB 95F
RU1U3
M0106
RU106

BR
KR
SR
KR
SR
Y

KR
PÔ
SR
Y

SR
Y

XE137
BA147M
BAian

0 . O U
0.045
0,000
0.U25
0 ,001
0,000
0.028
0,044
0 .012
0,000
o.i ee
0.134
0.012
0.000
0.000
0.018
0.000
0.0
0.019
0.0
0.002
0,000
0,165
0,160
0,035
0,0

0.000
0.000
0,104
•0.000
0.013
•0.000
0.000
0.000
0.001
0.125
0.000
0.000
0.364
0.099
0.022

•0 .000
•0 ,022
0.000

•0 .000
•0 .000
0 .039
0 .027
0.000
0.000

•0 .200
0.000

0.0
0,0
0 .059
0,0
0 ,006
0 ,032
0.0
0.0
0.0
0 ,077
0,0
0.0
0 ,116
0 ,195
0 ,009
0.0
0 .000
0 .023
0 ,0
0 ,020
0,000
0 ,010
0 ,0
0 ,0
0 . 0 2 5
0 .324

I - 0 , 0 7
I 0 .11
I 0 .00
I 0 ,04
I 0 ,01
I - 0 , 0 0
I 0 .01
I 0 . 0 8
I 0 .04
I - 0 . 0 0
I 1.19
I 0 .61
I 0 .06
I - 0 , 0 0

0.00
0 .02
0,00
0 .0
0 ,02
0 ,0
0 .00
0 .00
0 .16
0 .17
0 .07
0 .0

0 ,00
0.00
0 .05
0,00
0 .04
0.00
0.00
0 ,00
0 . 0 1
0 .06
0 .00
0.00
0 ,03
0 , 0 1
0 . 0 1

o.oo
0 .01
0 .00
0 .00
0 .00
0 . 0 3
0 ,01
0 .00
0 .00
0 .07
0 ,00

o.o i
0.0 I
0.45 I
o.o i
0 , 0 6 I
0 . 2 3 I
0 .0 I
0 .0 I
0 .0 I
0 .62 I
0 .0 I
0 .0 I
0 .20 I
0 .14 î
0 .01 I
0 .0 I
0 .00 I
0.14 i
0.0 I
0,00 I
0.00 I
0.19 I
0.0 I
0.0 I
0.28 I
2.27 I
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Table 10

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U233 THERMIQUE TAUX DE FISSION CONSTANT U FIS./S,)

TEMPS D1IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
l.OOOE 08 S
1.169E-02 (MEV/S)
0,779 %
0.924 %
2,742 %
2,996 %

I I
I I
I NUCLEIDE I SENSIBILITE DF PUISSANCE
I I RESIDUELLE A
I I REND, PERIODE EBGM
I I

I I
I I
I ERREUR SUR PUISSANCEï
I RESIDUELLE DUE A i
I REND PER, EBGM j
I (%) C%) (X) T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

KR 85F
6R 90
KR 90
RB 90M
RB 90F
SR 90
Y 90F

MOI 06
RU106
RH106F
1137

XE137
CS137
BA137M
8A144
LA144
CE144
PR144F
CE1^7
PM147

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.001
0.032
0.20S
0.056
0.056
0.009
0.0
0,025
0,001
0.0
0.063
0,154
0,025
0,0
0.144
0,139
0,030
0,0
0.013
0.000

-0,008
0,000
0,000
0.000
0.000

-0.317
0.000

-0,000
0,051
0,000
0,000
0,000

-0.217
0.000
0,000
0.000
0.656
0.000
0.000
0.003

0,012
0,0
0.0
0,0
0,0
0.05"
0,290
0.0
0,000
0.029
0,0
0,0
0,052
0,161
0.0
0.0
0.018
0.224
0,0
0,019

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.01
•0,19
0.40
0.43
0,43
0.14
0.0
0.03
0.00
0,0

-0,13
0.16
0,12
0.0
0.15
0,15
0.07
0,0
0,04
0,00

0,00
0,00
0,00
0,00
0,00
0,69
0.00
0,00
0.03
0.00
0,00
0,00
0,07
0.00
0.00
0,00
0,23
0,00
0,00
0,00

0.11
0,0
0,0
0,0
0.0
0,57
2,07
0.0
0,00
0,17
0.0
0,0
0.55
0,00
0,0
0,0
0,20
1,57

• 0 . 0

0.24

I
T
I
I
I
I
I
I
I
I
I
T
I
I
I
T
ï
I
I
X
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Table 11

ERREUR SUR LA PUISSANCE RESIDUELLE DUE AUX PRODUITS DE FISSION
***** U5TH 11/02/76 *****

TAUX DE FISSION CONSTANT (1 FIS,/S.)

TEMPS D'IRRADIATION 7.776E 07 S

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TEMPS
REF.
CS)

1 .0E
2 . 0 E
5 . 0 E
1.0E
2 . 0 E
5 . 0 E
l .OE
2 . 0 E
5 . 0 E
l .OE
2 . 0 E
5 . 0 E
l . O t
2 . 0 E
5 . 0 E
l .OE
2 t O E
5 . 0 E
l .OE
2 . 0 E
5 . 0 E
l . O E
2 . 0 E
5 . 0 E
1,OE

00
00
00
01
01
01
02
02
02
03
03
03
04
ou
04
05
05
OS
06
06
06
07
07
07
08

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PUISSANCE
RESIDUELLE

(MEV/S)

U1257E
1.0753E
9.8640E
9.0467E
8.1609E
6.9469E
6.0344E
5.1975Ê
4.2545E
3.6157E
2.99ME
2.2511E
1.7903E
1.4196E
1.0441E

01
01
00
00
00
00
00
00
00
00
00
00
00
00
00

8 .3396E-01
6 .8015E-
5 .2291E-
4 .1 4 6 0 E-
3 . 0 9 6 6 E -
1 .9199E-
1.2057E-
6.5442E-

01
01
01
01
01
01
02

2.4786E-02
1.1632E-02

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
X
I

ERREUR
DUE AU

REND,
(X)

0 . 6 0 5
0.571
0 ,535
0.506
0.465
0.385
0.315
0.265
0.256
0.265
0.272
0.275
0 .285
0 .302
0 .313
0.317
0 ,332
0 .357
0.370
0,378
0,388
0.368
0.339
0.375
0,448

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR
DUE A
LA PER.

C%)

0 , 3 0 9
0.267
0,203
0.230
0.298
0.331
0,363
0.419
0.321
0 ,146
0 ,085
0.115
0 ,177
0,289
0,478
0,442
0,220
0.106
0.143
0,190
0.155
0.109
0.103
0,479
0,840

I
I

ERREUR 3
DUE AUX]

HNERGUSJ
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

CX) ]

1 , 6 7 8 ]
1 . 6 6 4 ]
1 , 6 1 9 ]
1 . 5 4 9 ]
1 . 4 5 3 3
1 . 3 1 5 3
1.180 ]
0,998 ]
0 ,819 3
0 ,736 ]
0 .669 3
0.670 3
0.720 1
0.781 3
0 .853 3
0 .942 3
1 , 0 7 0 1
1.262 3
1.424 ]
1.640 :
2,087 :
2.634 !
3,500 ]
3.996 3
2,724 ]

: ERREUR
I TOTALE

[ 1 . 8 1 1
C 1 . 7 8 0
> 1 . 7 1 7
: 1 , 6 4 6
I 1 . 5 5 5
[ 1 , 4 0 9
i U274
: Liu
: 0 .916
: 0,796
t 0.727
l 0.733
[ 0,794
C 0.885
[ 1 . 0 2 6
[ 1 , 0 8 8
: 1,141
E 1.316
l 1.478
[ U694
[ 2.129
[ 2.661
[ 3,518
[ 4,042
[ 2.886

I
I
I
I

' w

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 12

ANALYSE DE L
,
ERREUR SUR LA PUISSANCE RESIDUELLE

U5TH 11/02/76 TAUX DE FISSION CONSTANT CI FIS./S.)

TEMPS D
,
IRRADIATION 7.776E 07 S

TEMPS DE REFROIDISSEMENT 1.000E 00 8

PUISSANCE RESIDUELLE 1,126E 01 CMEV/S)

0,605 X
0,309 X

ERREUR DUE AUX
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES

ERREUR TQTALE

1.678 X
1.811 X

I I
I I

I NUCLEIDE I SENSI3ILITE CE PUISSANCE

I I RESIDUELLE A

I I REND. PERIODE EBGM

I I

I I
I I
I ERREUR SUR PUISSANCEl
I RESIDUELLE DUE A I
I REND PER. EBGM I
I (X) (X) (X) I

8R
BR
RB
BR
KR
RB
KR
RB
KR
KR
RB
Rβ
R8
RS
SP
SR
Y

SR

y

SR

y

Y

ZR

88
89
88
90
89
89
90
90F
91
92
91
92
93
94
93
94
94
95
95
96
96
97
99

ZR100

NB100F

ZR101
ZR102
NB102
NB103
I132F

SB133
TE133M
TE134
I134F

TE135
TE136
1137
1138

XE138

0,021
0,019

0,000
0,013
0.018
0.001
0,023
0.003
0.025
0,013
0,013
0.022
0,023
0,010
0,010
0.019
0,001
0.032
0,003
0.019
0,008
0,012
0.015
0.022
0.001
0.020
0.010
0.011
0.011
0,000
0,011
0.010
0.022
0,001
0.018
0.010
0.012
0.013
0.022

0,000
0.001
0.000
0,002
0.000

-0,001
0,000
0.000
0.000

c.ooi
•0.000
0.002
0.001
0.001
0,000

-0,000
-0.000
0.001

- 0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 , 0 0 3
0 . 0 0 2
0 . 0 0 0
0,001
0,002
0,001
0 . 0 0 2
0 . 0 0 2
0.000
0.000
0.000
0,001
0,000
0,000
0 . 0 0 0
0.000
0.000

- 0 . 0 0 0

0 . 0 1 1 I
0 ,006 I
0 , 0 1 2 I
0,004 I
0,014 I
0,014 I
o.ou i
0,018 I
0 . 0 0 7 I
0 . 0 0 2 I
0,020 I
0 . 0 1 8 I
0 . 0 1 4 I
0 . 0 0 4 I
0 . 0 1 5 I
0,010 I
0 ,016 I
0 ,019 I
0 . 0 1 2 I
0 ,007 I
0,020 I
0 ,007 I
0 ,009 I
0 ,006 I
0,016 I
0 , 0 0 5 I
0 ,001 I
0,010 I
0 ,002 I
0 .010 I
0 . 0 0 6 I
0,006 I
0 . 0 0 4 I
0 . 0 1 9 I
0 . 0 1 1 I
0 ,004 I
0 . 0 0 9 I
0 ,006 I
0 . 0 0 9 I

0 ,05
0 . 1 1

•0.01
0,21

- 0 , 0 6
• 0 ,01
- 0 . 0 9
- 0 , 0 2

0 . 0 2
0,04

•0,02
0,04
0,05
0,02

- 0 , 0 3
0,07

•0,06
0 . 2 9

•0,20
0 , 2 2

- 0 , 1 6
•0,08
• 0,10

0 , 1 3
- 0 . 0 7

0,16
0 . 1 3

- 0 . 0 4
0 . 0 8

- 0 , 0 0
0 . 0 6

•0.04
• 0 , 0 4
• 0,00

0,06
0,26
0,04
0,07

- 0 , 0 1

0,00
0,00
0,00
0 . 0 2
0.00
0 . 0 0
0.00
0.00
0,00
0,00
0.00
0,00
0,00
0,00
0 .00
0,00
0 . 0 0
0 , 0 1
0 .00
0 . 0 1
0,00
0 , 0 2
0,02
0,00
0 . 0 2
0 . 0 3
0 . 0 4
0 , 0 3
0 , 0 5
0.00
0,00
0,00
0 .00
0,00
0,01
0,00
0.00
0,00
0.00

0 , 3 8
0,22
0 . 0 3
0,14
0 . 0 4
0,02
0 , 0 3
0 , 0 5
0 , 2 3
0 , 0 2
0,08
0,10
0,04
O . t l
0 , 1 2
0 , 2 5
0 , 1 2
0 . 4 1
0,06
0 , 2 3
0,71
0,06
0,09
0 . 2 2
0 . 4 5
0 . 1 4
0 . 0 3
0,36
0,08
0,02
0 . 1 1
0 . 0 2
0 , 1 2
0 , 0 5
0.40
0 . 1 5
0,30
0,20
0,04

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 12 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I

CS138F
XE139
CS139
XE140
C3U0
csiai
LAiao
CS142
BA142
LA142
SAia3
BA144
BA145
LA146

I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.001
0.022
0.003
0.032
0.014
0.015
0.000
o.oia
0.012
0.000
0.015
0.017
0.010
0.013

0.001
0.000

-0.000
0.001

•0,000
0.000

-0,000
0.002

-0,000
-0,000
0.000
0.000
0,000
0.000

0,019
0.011
o.oii
0,010
0.020
0,009
0.014
0,005
0,007
0.016
0,009
0.006
0,004
0.006

I
I
I
I
I
I
I
I
I
I
I
I
I
I

-0.01
-0.05
-0,03
0,11

-0.02
0.02

-0.00
•0,01
•0.07
-0.01
0.05
0.05
0,13
0,12

0.00
0,00
0,00
0,01
0,00
0,00
0.00
0,01
0,00
0.00
0,00
0,00
0,00
0.02

0.06
0,06
0,08
0.19
0,08
0,20
0.03
0,12
0,05
0.03
0.31
0,20
0.13
0.21

1
I
I
I
T
I
I
I
I
I
I
I
I
I

Table 13

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH U/02/76 TAUX DE FISSION CONSTANT (1 FIS./S,)

TEMPS D'IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 01 S
9.047E 00 (MEV/S)
0,506 X
0.230 X
1.549 X
1.646 X

I
I
I NUCLEIDE
I
I
I

I
I
I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND. PERIODE EBGM

I
I
I
I
I
I

ERREUR SUR
RESIDUELLE
REND
CX)

PEK
CX)

I
I

PUISSANCEI
DUE A

, EBGM
(X)

I
I
I

I BR 68
I BR 89
I RB 88
I BR 90
I KR 89
I RB 89
I KR 90
I RB 90F
I KR 91
I RB 91
I RB 92
I RB 93

0 ,023
0 ,017
0.000
0 ,011
0 ,023
0 , 0 0 1
0 .027
0 ,004
0 .026
0.01S
0 ,016
0 ,019

0,004
0 .003
0.000
0,001
0,001

•0.001
0 ,003
0,001
0,004
0.001
0.008
0,007

0 ,009
0 ,002
0 .015
Û.000
0 ,017
0 .017
0 , 0 1 1
0 ,022
0 ,004
0 ,024
0 ,006
0 ,006

I 0 .05
I 0 ,09
I - 0 , 0 1
I 0.10
I - 0 , 0 2
I - 0 . 0 1
I 0,07
I - 0 , 0 2
I 0 .03
I 0 ,02
I 0 .02
I 0 .03

0,00
0,01
0,00
0,01
0.00
0.00
0,00
0,01
0,04
0,01
o.oi
0 ,00

0.31 I
0 ,06 I
0 .04 I
0,00 I
0 .04 I
0 ,03 I
0 ,03 I
0 ,06 I
0 ,14 I
0 ,09 I
0 ,03 I
0 .01 I
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Table 13 cont'd

X
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Y 92

SR 93
SR 94
Y 94

SR 95
Y 95

SR 96
Y 96

Nβ 96F
ZR1OO
ZR1O1

TCIO2F
NS103
I132F

SB133
Ttl33M
TE134

I134F
TE135
TE136
1135
I136F
1137
1138

XE137
XE138
C8138F
XE139
CS139
XE14Q

CS140

csm
LA14O
csi42
9Aiai
8A142
LA142
BA143
8A144
IA144
IA146

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,000
0.012
0,023
0.001
0.036
0.004
0,017
0.010

0.000
0.013
0.015
0.000
0.010
0.000

0.013
0.013
0.027
0.001
0.018
0.011
0,006
0,005
0,013

0.012
0.006
0.027
0.001

0.025
0.004

0.035
0.016
0.017

0,000
0,012
0.005
0.015
0,000
0.015
0,018
0.004
0,013

0,000
0.000
0.001

-0,000
0.005

-0.000
0,003
0.001
0.001
0,009
0.002
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.004
0.002
0.000
0.000
0,003
0.003
0.001

-0.000
0.001

0,002
-0,000
0,004

0,001
0.003

-0,000
0.001

-0,000
-0,000
-0,000
0.004
0,003
0.001
0.002

0,010
0,016
0.012
0.020
0,016
0,015
0,002
0.025

0.010
0,003
0,000

0,010
0,000
0,012
0.007
0.006
0.006
0.024
0,010
0,004
0.012
0.011
0,008

0,003
0.012
0,012
0.024

0,012
0,014
0,007
0,023
0,009
0,018
0.000
0.010
0.008
0.020
0,007
0.004
0.011
0.005

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
z
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-0,00
-0,01
0,09

-0,07
0.30

•0.22
0.13

-0.09

-0,00
0,11
0.07

-0.00
0.03

-0,00
0.08

-0,04
0,03

-0.00
0,06
0,29

-0,03
0,06
0,07
0,05

-0.06
0,03

-0,01

0,03
•0.03
0,12

-0,02
0,02

-0,00
0,00

-0.04
-0,01
•0,01
0.05
0,06

-0.05
0.11

0,00
0,00
0.00
0,00
0,06
0.00
0.02
0.02

0.02
0,05
0.04

0.00
0,01
0,00
0.01
0,00
0,00
0.00
0,04
0.02
0.00
0,00
0.00
0.00

o.oo
0,00
0,00

0.00
0,00
0.04
0.01
0,00
0,00
0,01
0,00
0,00
0,00
0.04

0,03
0,00
0,16

0,06
0.14
0.29
0.15
0.40
0.07
0.06
0,86
0,06

o.u
0,01
0,28
0,00
0.02

0,13
0.03
0,15
0,06
0,34
0,13
0,03
0,04
0,29

0,10
0,08
0,05
0.06

0,06
0.10
0,14

0,10
0,19

0,03
0,00
0,05
0,07
0,04
0,23
0,15
0,26
0,17

I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 14

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH H/02/76 TAUX DE FISSION CONSTANT (1

TEMPS D'IRRADIATION
TEMPS DE REPRCUDISSEMENI
PUISSANCE RESIDUELLE
ERREUR DUE
ERREUR DUE
ERREUR DUE

AUX
AUX
AUX

ERREUR TOTALE

I
I
I NUCLEIDE
I
I
I

I BR 68
I BR 89
I KR 86
I RB 66
I KR 69
I RB 89
I KR 90
I RB 90F
I KR 91
I RB 91
I RB 92
I SR 91
I RB 93
I SR 92
I V 92
I RB 94
I SP 93
I Y 93F
I SR 94
I Y 94
I SR 9s
I Y 95
I SR 96
I Y 96
I Y 97
I NB 97F
I ZR101
I MO101
I TC102F
I SB132M
I SB132F
I I132F
I SB133
I TE133M
I I133F
I TE134
I I134F
I TE135

I
I

7.776E
r l,000E

6.034E
RENDEMENTS 0.315
PERIODES
ENERGIES

I SENSIBILITE
I
I f
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,363
1.180
1.274

07 S
02 S
00 (MEV/S)
X
%
%
%

: DE PUISSANCE
RESIDUELLE A

*END. PERIODE

0,022
0,020

0,002
0,000

0,011 -0,001
0,000
0.029
0.001
0,023
0,003
0.019
0,013
0,018
0,001
0,018
0,006
0,000
0,010
0,016
0.000
0.026
0,002
0,032
0.006
0.014
0,009
0,014
0,000
0,014
0.001
0.000
0,012
0.011
0,000
0.017
0.019
0.000
0.041
0,002
0.013

0.000
0.008
•0.001
0.009
0.008
0,002
0.013
0.000
0.001
0,000
0,000
0.000
0,000
0,004
0,000
0.007
0.000
0,008
0.001
0,000
0,012
0,000
0,000
0.000
0,001
0,000
0.002
0,003
0.000
0,004
0,001
•0,000
0.001
0.001
0.002

EBGM

0.000
0,000
0,013
0,023
0,016
0,026
0,002
0,025
0,000
0,012
0,000
0.012
0,000
0.015
0.015
0,000
0,023
0.013
0,007
0,029
0,003
0,021
0.000
0,023
0.000
0.011
0.000
0.014
0.014
0,006
0,007
0,019
0,007
0.012

o.ou
0.008
Û.036
0,000

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
X
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

I
I

SUR PUISSANCE!
RESIDUELLE
REND
(X)

0,02
0,09
0.02

-0.01
0,05

•0,01
-0,04
-0,02
0.03
0.04
0.01
0.01
0,00
0,02

-0.00
0,00
0.03

-0.00
0,06

-0,07
0.14

-0,13
0,07

-0.01
0,03

-0,00
0,02

-0,00
-0,00
0.04
0,03

-0,00
0,09

-0.04
-0,00
0,05

-0.01
0.03

PER.
(%)

0,00
0,00
0.00
0,00
0.00
0.00
0,00
0,13
0,02
0,13
0,00
0,01
0,00
0,00
0.00
0,00
0,01
0,00
0,00
0,00
0,09
0,00
0,00
0,20
0.00
0,00
0,00
0,00
0,00
0.03
0,05
0.00
0.06
0.00
0.00
0.00
0,00
0,02

DUE A
EBGM
(X)

0,01
0.00
0,02
0,06
0,05
0,04
0,01
0,07
0,00
0,05
0,00
0,05
0,00
0,03
0,09
0,00
0,16
0,09
O.lft
0,21
0 ,06
0,10
0,00
0,80
0,00
0,04
0,00
0.05
0.38
0.13
0.16
0.03
0,12
0,05
0.05
0.22
0,09
0,01

I
I
I

I
I
T
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
X
I
I
I
I
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Table 14 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

1135
1138

XE137
XE138
CS138F
XE139
CS139
XEHO
C S 1 4 O
csiai
LA14O
CS142
BAH1
BA142
IA142
B A 1 4 3
LA143
BA144
LA146
PR146

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 . 0 1 3
0 . 0 1 3
0 .007
0 . 0 3 9
0 .002
0 . 0 2 5
0 ,006
0 , 0 2 8
0 , 0 1 6
0 ,016
0 .000
0 .017
0 .007
0 ,022
0 .001
0 , 0 1 5
0 , 0 0 2
0 ,012
0 ,012
0 .000

0 .001
0 .000
0 ,004
0 .001
0 .001
0 .007
0 .001
0 . 0 0 3
0 .012
0 .004

• 0 . 0 0 0
0 .000
0 .000
0 ,001

- 0 . 0 0 0
0 .001
0 .000
0 .002
0 .001
0 .000

0 , 0 1 8
0 ,000
0 .014
0 , 0 1 6
0 . 0 3 5
0 . 0 0 3
0 . 0 1 9
0 .000
0 .014
0 , 0 0 1
0 . 0 2 6
0 .000
0 . 0 1 5
0 ,011
0 , 0 2 9
0 .000
0 . 0 1 2
0 ,000
0 ,000
0 . 0 1 2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
zI
I
I
I
I

0 .01
0 . 0 5

- 0 . 0 3
0 ,06

- 0 , 0 1
0 . 0 2

- 0 . 0 2
0 ,08
0 .01
0,01

- 0 , 0 0
0 ,01
0 , 0 2
0 , 0 2

- 0 , 0 1
0 ,01

• 0 , 0 1
0 . 0 2
0 . 0 2

- 0 . 0 0

0 ,00
0 ,00
0 ,00
0 ,00
0 ,00
0 .01
0 ,00
0 , 0 3
0 , 1 2
0 ,00
0 ,00
0 ,00
0 ,00
0 .00
0 ,00
0 .01
0 ,00
0 , 0 2
0 , 0 5
0 .00

0 . 0 4
0 , 0 0
0 . 0 9
0 , 0 6
0 ,11
0 , 0 2
0 .14
0 ,00
0 . 0 6
0 , 0 2
0 , 0 5
0 , 0 0
0 , 0 8
0 , 0 9
0 . 0 6
0 , 0 0
0 , 0 9
0 , 0 0
0 ,00
0 . 0 5

I
I
I
I
I
T
1
I
I
I
I
I
I
I
I
I
I
1
I
I
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Table 15

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH U/02/76 TAUX DE FISSION CONSTANT (1 FIS,/S.)

TEMPS D'IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENFPGIES
ERREUR TOTALE

7.776E 07 S
1.000E 03 S
3.616E 00 CMEV/S)
0,265 X
0.146 X
0.736 X
0,796 X

I
I
I
I
I
I

I
I

NUCLEIDE I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND, PERIODE EBGM

I
I
I
I
I
I

ERREUR SUR
RESIDUELLE
REND
(X)

PER
CX)

I
I

PUISSANCEI
DUE A

, EBGM
(X)

I
I
I

BR
KR 67

89
88
88
89
89
91
92
91
92
91
93
92
92
93
93F
94
94
95
95
95
95F
97
97

ZR 97
NB 97F
ZR101
MQioi
M0102
SB131
SB132M
S8132F
TE132
I132F

S6133
TE133M
I133F

KR
RB
KR
RB
KR
KR
RB
RB
SR
RB
SR

Y
SR

Y
SR

Y
SR

Y
ZR
NB
SR

Y

0 , 0 3 5
0 ,002
0 . 0 1 5
0 , 0 1 8
0 .000
0 ,020
0 .001
0 . 0 1 9
0 . 0 1 3
0 .014
0 .028
0 .001
0 . 0 1 5
0 .009
0 .000
0 .014
0 .000
0 . 0 1 9
0 ,002
0 ,031
0 .006
0 .000
0 .000
0 . 0 1 3
0 .024
0 . 0 0 8
0 .000
0 . 0 1 3
0 .001
0 .001
0 . 0 1 3
0 .012
0 .011
0 .010
0 .000
0 ,012
0 .028
0 .001

0.000
0 .002
0 .000
0 .001
0 .001
0 .010
0 .012
0 ,000
0 .000
0 ,000
0 .000
0 .001
0 .000
0 .002
0 .001
0 . 0 1 5
0 ,001
0 .002
0 . 0 1 5
0 .001

0 . 0 1 3
0 , 0 0 2
0 .000
0 ,000
0 .000
0 .000
0 ,000
0 .000
0 ,010
0 .010
0 . 0 0 5
0 . 0 0 2
0 .001
0 .000
0 .000
0 ,002
0 .004

•0 .000

0 ,000 I
0 , 0 1 3 I
0 ,0 I
0 ,021 I
0 ,037 I
0 ,001 I
0 ,024 I
0 ,000 I
0 ,0 I
0 ,000 I
0 ,0 I
0 ,019 I
0 .0 I
0 . 0 2 3 I
0 ,026 I
0 .008 I
0 .021 I
0 ,000 I
0 ,028 I
0 . 0 0 0 I
0 ,012 I
0 .014 I
0 , 0 1 3 I
0 ,0 I
0 ,0 I
0 ,014 I
0 . 0 1 8
0.0
0 .011
0 .001
0 .009
0 .001
0 .000
0 ,004
0 ,031
0 ,000 I
0 ,016 I
0 , 0 1 8 I

0 ,04
0,00
0 ,08
0 ,03

- 0 , 0 2
- 0 , 0 1
- 0 , 0 1

0 , 0 3
0 ,01
0 , 0 5
0 ,01
0 ,06
0 . 0 1
0 , 0 3

- 0 , 0 0
0 ,02

• 0 ,00
0 ,04

- 0 , 0 3
0 .06

- 0 . 0 4
- 0 , 0 1
- 0 , 0 0

0 , 0 3
0 . 0 5
0 , 0 3

- 0 , 0 0
0 . 0 2

- 0 , 0 0
• 0 ,00

0 , 0 3
0 . 0 3
0 . 0 2
0 ,02

• 0 , 0 0
• 0 , 0 5

0 .10
- 0 , 0 0

0 ,00
0 .00
0 ,00
0 .00
0 ,00
0 , 0 1
0 .01
0 ,00
0 .00
0 .00
0 .00
0 ,01
0 ,00
o.oo
0 ,00
0 , 0 3
0 ,01
0 ,00
0 ,01
0 , 0 1
0 ,04
0 ,00
0 ,00
0 ,00
0 ,00
0 ,00
0 ,00
0 ,00
0 .00
0 ,02
0 .01
0 ,04
0 , 0 1
0 ,00
0 ,00
0 . 0 3
0 .00
0 . 0 0

0 .00 I
0 , 0 5 I
0 ,0 I
0.0U I
0 .09 I
0 .00 I
0 ,04 I
0 .00 I
0 .0 I
0 ,00 I
0 ,0 I
0 . 0 8 I
0 .0 I
0 . 0 5 I
0 , 1 5 I
0 ,07 I
0 .14 I
0 .00 I
0 .20 I
0 ,00 I
0 . 0 6 I
0 . 0 2 I
0 .01 I
0 ,0 I
0 .0 I
0 . 0 8 I
0 .07 I
0 .0 !
0 .04 I
0 , 0 6 I
0 ,20 I
0 ,02 I
0 ,00 î
0 .02 I
0 . 0 5 I
0 ,00 I
0 ,06 I
0 , 0 8 I
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Table 15 cont 'd

I TE134
I I154F

TE135
1135
1138

XE138
CS138F

I XE139
I CS139
I BA139
I XE140
I CS140
I CS141
I LAiao
I CS142
I BA141
I LA141
I BA142
1 LA142
I S A H 3
I CE143
X BA144
I CE144
I PR144F
I IA146
I PR146

0 ,063
0 .003
0 .021
0 ,021
0 .016
0 .049
0 .002
0 .019
0 .005
0.000
0,031
0 .019
0 .018
0,000
0 .023
0 .008
0,000
0,030
0 ,001
0 .017
0.000
0 .013
0.000
0.000
0.016
0.000

0 .006
0,004
0,000
0.002
0.000
0.016
0 ,009
0,001
0 .012
0 ,001
0.000
0.000
0,000

•0 ,000
0 .000
0 ,009
0,000
0 .009
0 .002
0,000

•0,000
0,000

•0 ,012
0 ,000
0.000
0 ,003

O.OIO
0.057
0,000
0,030
0.0
0 .012
0 .052
0.000
0,010
0 ,015
0.000
0.000
0,000
0 ,04a
0.0
0 ,013
0 .015
0.007
0 .047
0.000
0.011
0,000
0.001
0,016
0,000
0.018

I 0 .08
• 0 , 0 1

0 .05
0 . 0 3
0 .08
0 .09
0 ,01

• 0 , 0 2
I - 0 , 0 1
I - 0 , 0 1
I 0 .04
I 0 ,01
I 0 .01
I •O.OO
I 0 .01
I 0 .03
I - 0 . 0 0
I 0 .03
I - 0 . 0 1
I 0 .01
I - 0 , 0 0
I 0 ,01
I 0 .00
I - 0 , 0 0
I 0 ,02
I - 0 . 0 0

0,01
0.01
0,00
0,00
0.00
0,01
0,00
0.00
0,04
0,00
0,00
0.00
0.00
0,00
0.00
0,00
0,00
0.01
0,00
0.00
0.00
0.00
0.00
0.00
0.01
0.01

0.28 I
0,15 I
0,00 I
0,07 I
0.0 I
0.05 T
0,17 I
0,00 I
0.07 I
0.11 I
0,00 I
0.00 I
o.oo i
0,08 I
0.0 I
0,07 I
0.12 I
0.05 I
0.10 I
0.00 I
0.06 I
0,00 I
0,01 I
0,11 1
0,00 I
0,08 I
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Table 16

ANALYSE DE L'ERREUR SUR IA PUISSANCE RESIDUELLE
U5TH 11/02/76 TAUX Dfc FISSION CONSTANT (1 FIS./3.)

TEMPS 0,IRRADIATION
TEMPS OE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDE^ENT
ERREuR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 3
1.000E 04 S
1.790E 00 (MEV/S)
0.285 X
0,177 X
0.720 %
0.794 X

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I REND. PERIODE EBGM
I I

I I
I I
I ERREUR SUR PUISSANCEI
I RESIDUELLE DUE A I
I REND PER. EBGM I
I CX) (X) (X) I

BR
KR
Rb
SR
KR
KR
RB
RB
SR
Y

Y
RB
Sk
Y

SR
Y

SH

88
68
89
91
92
91
92
91
91M
91F
93
92
92
93
93F
95
95
95F
97
97
97

NB
NB 97F
ZR 99
MO 99
SN132
SB132M
S8132F
TE132
I132F

SB133
TE133M
I133F

TE134
I134F

TE135
1135

0 ,038
0 .020
0.000
0 .000
0 .03a
0 . 0 1 8
0 . 0 2 5
0 ,040
0 . 0 0 2
0 .000
0 .000
0 . 0 1 8
0 , 0 1 3
0 .000
0 .016
0 .000
0 . 0 4 3
0 .000
0 .000
0 . 0 2 "

0 .014
0 .000
0 .000
0 . 0 1 5
0 .000
0 . 0 1 2
0 .021
0 .021
0 .020
0 .000
0 .014
0 . 0 2 6
0 .001
0 . 0 3 5
0 , 0 0 1
0 .034
0 . 0 3 4

0 .000
0 . 0 3 9
0 . 0 0 5
0 .000
0 .000
0 .000
0 .000
0 .000
0 .010
0 . 0 0 1
0 .001
0 .000
0 .024
0 . 0 0 8
0 .000
0 . 0 0 9
0 .000
0 .004
0 .001
0 .000
0 .000
0 .007
0 .000
0 . 0 0 1
0 .000
0 . 0 0 1
0 .000
0 .000
0 .000
0 . 0 0 2
0 . 0 0 1
0 .000
0 . 0 1 2
0 . 0 0 2
0 .031
0 . 0 3 5
0 .000
0 , 0 1 6

0 .0 I
0 , 0 2 2 I
0 ,041 I
0 , 0 1 5 I
0 ,0 I
0 ,0 I
0 ,0 I
0 .0 I
0 .032 I
0 .011 I
0 ,019 I
0 ,0 I
0 , 0 2 3 I
0 , 0 4 5 I
0 .000 I
0 ,036 I
0 .0 I
0 .029 I
0 ,026 I
0 ,0 I
0 ,0 X
0 ,026 I
0 , 0 1 8 I
0 , 0 3 3 I
0 .0 I
0 ,018 I
0 ,0 I
0 ,000 I
0 .000 I
0 .007 I
0 . 0 6 2 I
0 ,000 I
0 . 0 0 5 I
0 ,034 I
0 . 0 0 2 I
0 .031 I
0 ,0 I
0 ,046 I

0,05
0,04

-0.00
-0.00
0.06
0.01
0.09
0.02
0.10
0.0U
0.00
0.01
0,05

•0,00
0.03

•0,00
0,04
0.00

• 0,00
0,05
O,OV
0,06

•0.00
-0.00
0.02
0.00
0.03
0,04
0,04
0.05

-0.00
-0,05
0.07

•0.00
0.05

-0,01
0.08
0.04

0.00
0.03
0.00
0.00
0.00
0.00
0,00
0.00
0.11
0,00
0,00
0.00
0.01
0.00
0.00
0.09
0,00
0.00
0,00
0,00
0,00
0,01
0,00
0,00
0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0.01
0,00
0,06
0,07
0.00
0,03

0,0 I
0,04 I
0.10 I
0.12 I
0,0
0.0
0.0
0,0
0.13 I
0.17 I
0.15 I
0.0 I
0.05 I
0.26 I
0.00 I
0.24 I
0,0 I
0.05 I
0.02 I
0.0 I
0,0 I
0,15 I
0,00 I
0.12 I
0.0 I
0.11 I
0.0 I
0.00 I
0.00 I
0.04 I
0,10 I
0,00 I
0,02 I
0,15 I
0.04 I
0.06 I
0.0 I
0.10 I



Table 16 confd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

XE135F
CS138F
BA139
XU«0
CS14O

cs i a i
BA14O
LAHO
CS142
L A j a i
6AH2
LAl^E
BA143
C U 4 3
BA144
C t i a a
PP144F
PR145

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 , 0 0 0
0 , 0 0 0
0 , 0 0 0
0 , 0 6 2
0 . 0 3 9
0 , 0 1 5
0 , 0 0 7
0 , 0 0 0
0 . 0 1 4
0 , 0 0 0
o.oie
0 , 0 0 1
0 .021
0 , 0 0 0
0 , 0 2 7
0 , 0 0 0
0 , 0 0 0
0 , 0 0 0

0 . 0 0 1
0 . 0 1 9
0 , 0 1 1
0 . 0 0 0
0 , 0 0 0
0 , 0 0 0

- 0 . 0 0 3
- 0 . 0 0 0

0 , 0 0 0
0 . 0 0 9
0 . 0 0 4
0 . 0 3 4
0 . 0 0 0
0 . 0 0 1
0 , 0 0 0

- 0 , 0 2 5
0 . 0 0 0
0 , 0 0 4

0 , 0 1 8
0 . 0 0 5
0 , 0 0 9
0 , 0
0 . 0
0 . 0
0 , 0 1 5
0 , 0 8 9
0 , 0
0 , 0 2 0
0 . 0 0 0
0 . 0 3 1
0 . 0
0 . 0 2 2
0 , 0
0 , 0 0 3
0 , 0 3 2
0 , 0 1 0

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

- 0 , 0 0
0 , 0 0

- 0 . 0 0
0 . 1 1
0 . 0 3
0.01
0 .07

- 0 . 0 0
0 . 0 1
0 .00
0 .02

- 0 . 0 1
0 . 0 1

- 0 . 0 0
0 .02
0 . 0 0

- 0 , 0 0
- 0 , 0 0

0 , 0 0
0 , 0 1
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 . 0 1
0 , 0 0
0 , 0 3
0 , 0 0
0 , 0 0
0 , 0 0
0 , 0 1
0 . 0 0
0 . 0 1

0 .10
0 , 0 2
0 , 0 6
0 , 0
0 , 0
0 , 0
0 , 1 0
0 . 1 7
0 . 0
0 . 1 6
0 . 0 0
0 , 0 6
0 , 0
0 , 1 1
0 , 0
0 , 0 3
0 . 2 3
0 . 0 9

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 17

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH 11/02/76 TAUX DE FISSION CONSTANT Cl FIS./S.)

TEMPS D'IRRADIATION!
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 05 S
8.340E-01 (MEV/S)
0.317 X
0.442 X
0,942 X
1.088 X

I
I
I
I
I
I

I
I

MUCLEIDE I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND, PERIODE EBGM

I
I
I
I
I
I

ERREUR SUR
RESIDUELLE
REND PER
CX) CX)

ï
I

PUISSAMCEI
DUE A
• EBGM

CX)

I
I
I

BR
KR
SP
KR
RB
SR
Y
Y

Rb
SR
Y

ZR
NB
SR
Y

ZR
NB
NB
Y

ZR
MO

89
89
89
91
91
91
91F
93F
95
95
95
95
95F
97
97
97
97M
97F
99
99
99

NB103
RU103
1131

SN132
SB132M
S6132F
TE132
1132F

SB133
TE133M
I133F

XE133F
TE135
1135

XE135F
XE140
CS140

0 .012
0 .019
0 ,000
0 .031
0 ,022
0 .002
0 .000
0 ,000
0 .016
0 ,091
0 . 0 1 8
0 .001
0 .000
0 . 0 1 9
0 ,034
0 . 0 1 1
0 .000
0 .000
0 .012
0 . 0 2 5
0 .000
0 . 0 1 5
0 ,000
0 .000
0 .020
0 . 0 3 6
0 . 0 3 6
0 . 0 3 5
0 .000
0 . 0 1 5
0 .022
0 .001
0 .000
0 .011
0 .011
0 ,000
0 .129
0 .081

0 .000
0 .000
0 ,001
0 .000
0 .000
0 .031
0 .002
0 . 0 2 8

•0 .000
0 ,000
0 .000
0 .010
0 .001
0 .000
0 .000
0 , 0 6 5
0 .000
0 , 0 0 2
0 .000
0 .000
0 . 0 1 2
0 .000
0 . 0 0 1
0 . 0 0 1
0 .000
0 .000
0 .000
0 . 0 3 1
0 . 0 0 3
0 .000
0 . 0 0 1
0 . 0 2 9
0 .000
0 .000
0 , 0 3 3
0 . 0 1 2
0 .000
0 ,000

0 ,0 I
0 .0 I
0 .032 I
0 .0 I
0 .0 I
0 ,010 I
0 ,040 I
0 , 0 1 3 I
0 .0 I
0 ,0 I
0 .0 I
0 , 0 6 2 I
0 .057 I
0 ,0 I
0 ,0 I
0 ,019 I
0 . 0 1 3 I
0 . 0 2 5 I
0 .0 I
0 .0 I
0 . 0 2 9 I
0 .0 I
0 . 0 1 9 I
0 . 0 1 6 I
0 .0 I
0 .0 I
0 ,0 I
0 , 0 1 3 I
0 . 1 0 7 I
0 ,0 I
0 ,000 I
0 ,030 I
0 . 0 1 3 I
0 . 0 I
0 ,007 I
0 , 0 1 1 I
0 ,0 I
0 ,0 I

0 ,04
0 .04
0.00
0 ,05
0 ,08
0 ,09
0,00

- 0 , 0 0
- 0 . 0 3

0 .09
0 .03
0 ,00

- 0 , 0 0
0 .04
0 .07
0 .05

« 0 , 0 0
- 0 , 0 0

0 .03
0 .03
0 .00
0 ,04
0 ,00

- 0 . 0 0
0 .04
0 ,06
0 .06
o.oe

-0 ,00
0,01
0.02

-0 ,00
•0 ,00

0,03
0.01

• 0 , 0 0
0 ,24
0 ,07

0 ,00
0 ,00
0 .00
0 ,00
0 ,00
0 .33
0 ,00
0 .27
0 .00
0 .00
0 .00
0 .00
0 .00
0 ,00
0 ,00
0 .08
0 ,00
0 .00
0 .00
0 ,00
0 .00
0 .00
0 .00
0 ,00
0 ,00
0 ,00
0 ,00
0 , 0 3
0 ,03
0 ,00
0 ,00
0 . 0 1
0 , 0 0
0 ,00
0 ,05
0 ,00
0 .00
0 ,00

0 ,0
0 ,0
0 . 2 5 ï
0 ,0
0 ,0 1
0 . 0 4 I
0 . 3 2 I
0 , 0 9 I
0 ,0 I
0 ,0 1
0 ,0 1
0 . 1 0 1
0 .04 1
0 ,0 I
0 ,0 1
0 , 1 1 I
0 ,00 1
0 , 0 9 I
0 ,0 I
0 ,0 1
0 . 1 7 I
0 . 0 1
0 . 0 3 I
0 , 0 6 I
0 .0 1
0 ,0 1
0 ,0 1
0 . 0 6 I
0 .17 I
0 .0 I
0 ,00 I
0 . 1 3 I
0 . 0 9 I
0 . 0 I
0 , 0 1 I
0 , 0 6 I
0 .0 I
0 .0 I
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I BA14O I 0 , 0 1 5 - 0 . 0 0 0 0 , 0 3 1 I 0 , 1 6 0 .00 0 .20 I
I LA140 I 0 ,000 0 . 0 0 2 0 . 1 8 6 I - 0 . 0 0 0 ,00 0 , 3 6 I
I CE1«1 I 0 ,000 0 , 0 0 1 0 , 0 1 5 I - 0 , 0 0 0 , 0 0 0 .30 I
I C3143 I 0 . 0 1 3 0 .000 0 ,0 I - 0 , 0 1 0 .00 0 ,0 I
I BAH3 I 0 . 0 3 2 0 .000 0 .0 I 0 , 0 2 0 ,00 0 ,0 I
1 C E H 3 I 0 ,000 0 ,017 0 .027 I 0 .00 0 . 0 3 0 , 1 3 I
I P R H 3 I 0 ,000 - 0 , 0 0 0 0 , 0 2 1 I - 0 , 0 0 0 ,00 0 ,20 1
I BA144 I 0 . 057 0 .000 0 ,0 I 0 . 0 3 0 .00 0 ,0 I
I LA144 I 0 , 0 1 7 0 .000 0 ,0 I 0 , 0 2 0 ,00 0 , 0 I
I CE144 I 0 .001 -0 .052 0.005 I 0.00 0.02 0,06 I
I PR1UUF I 0 ,000 0 .000 0 , 0 6 9 I - 0 . 0 0 0 .00 0 , 4 9 J
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Table 18

ANALYSE DE. L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH U/02/76 TAUX DE FISSION CONSTANT Ci FIS, /S,)

TEMPS D'IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 06 S
4.146E-01 CMEV/S)
0,370 X
0,143 X
1,424 X
1.478 X

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I PEND, PERIODE EBGM
I I

I I
I I
I ERREUR SUR PUISSANCEl
I RESIDUELLE DUE A I
I REND Pfc«, EBGM I
I CX) CX) (X) I

BR
KR
SR
KR
RB
Y

RB
SR
Y

ZR
NB
MO

89
89
89
91
91
91F
95
95
95
95
95F
99

NB103
MO103
RU103
MO106
RU106
RH106F
1131

TE132
I132P

XE140
CS140
CS141
BA140
LA140
CE141
BA143
PR143
BA144
LA144
CE144
PR144F

0 .020
0 . 0 3 3
0 ,000
0 .038
0 .028
0 .000
0 .031
0 , 1 7 2
0 .035
0 .001
0 .000
0 .000
0 .024
0 .011
0 .000
0 .011
0 .000
0 .0
0 .000
0.009
0,0
0 ,155
0.097
0 .014
0 . 0 1 8
0 .000
0 ,000
0 .017
0 .000
O . t i l
0 .033
0.002
0.0

0 .000
0 .000
0.011
0 .000
0 .000
0 .013

•0.000
0.000
0.000
0.035
0,004
0.017
0,000
0.000
0.008
0,0

'0 .012
0.000
0.012
0.069
0 .001
0 .000
0 .000
0 .000
0 .134
0 . 0 3 2
0 .007
0 .000
0 . 0 1 3
0 .000
0 ,000

•0 ,100
0 .000

0,0
0,0
0.056
0.0
0,0
0.070
0.0
0,0
0,0
o.uo
0 .113
0 .004
0 ,0
0 ,0
0 . 0 3 2
0 .0
0 .000
0 . 0 1 2
0 . 0 1 3
0 . 0 0 2
0 ,021
0 .0
0 ,0
0 .0
0 ,034
0,229
0.024
0,0
0.025
0,0
0.0
0 .011
0.136

0.08
0,07
0,00
0.07
0.10
0,00

• 0 , 0 5
0,17
0,05
0.00

• 0.00
0.00
0,06
0.03
0.00
0.02
0.00
0,0
0.00
0.02
0,0
0.29
0,09
0,01
0,19

I « 0 , 0 0
I 0 ,00
I 0 .01
I - 0 . 0 0
I 0 .07
I 0 ,04
I 0 ,01
I 0 ,0

0 .00
0 .00
0 .01
0 .00
0 .00
0 .01
0 .00
0 .00
0 .00
0 .00
0 .00
0 ,00
0 .00
0 ,00
0 ,00
0 ,0
0 ,01
0 ,00
0 ,00
0.06
0 .01
0 ,00
0 ,00
0 .00
o.u
0.05
0.00
0,00
0 .01
0.00
0.00
0.04
0,00

0,0
0.0
0 . 4 3 I
0 .0 I
0 .0 I
0 ,56 I
0 .0 I
0 .0 I
0 .0 I
0 , 1 8 I
0 ,08 I
0 . 0 2 I
0 .0 I
0 .0 I
0 .05 I
0 ,0 I
0 ,00 I
0 .07 I
0 . 0 5 I
0 .01 I
0 . 0 3 I
0 .0 I
0 .0 I
0 .0 I
0 . 2 3 I
0 .44 I
0 .48 I
0.0
0.25
0,0
0.0
0.12
0.95

I
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Table 19

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
USTH 11/02/76 TAUX DE FISSION CONSTANT Cl FIS./S.)

TEMPS D'IRRADIATION
TE^PS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR QUE AUX PERIODES
ERREUR ÛUt AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000t. 07 S
1.206E-01 (MEV/5)
0,368 %
0,109 %
2,63a %
2.661 X

I I
I I
I NUCLEIDE I SENSIBILITE OE PUISSANCE
I I RESIDUELLE A
I I REND. PERIODE EBGM

I I
I I
I ERREUR SUR PUISSANCEl
I RESIDUELLE DUE A I
I REND PER, EBGM I

i ex) c%) c%) i

KR
SR
KR
Y

KR
RB
Y

RB
SR
Y

ZR
Nβ
Nβ l
RU1
MOI
RU1
RH1
II

XE1
BAI
6A1
CEI
CS1
BAI
LAI
CEI
PR1

69
89
69
90
90F
91
91
91F
95
95
95

95

9SF
03
03
06

06
06F
37
37

37M

40

41
M
44
44
44
44F

0.017

0.028

0,000
0.021
0.000
0.036
0,027
0,000
0,043
0.239
0.048
0,001
0.000
0.014

0.000
0,031
0.000

0.0
0,011
0,012
0.0
0,000
0,000

0,020

0.291
0.085
0,005
0.0

0.000
0.000
0.075
•0,000
• 0,000
0.000
0.000
0.104

•0,000
0,000
0.000
0.334
0.093
0,000
0.039
0,0

•0.026

0.000
-0.000
-0.000
•0.000

0,036
0,022
0.000
0.000
0.000
•0,192
0,000

0,0
0,0
0,043
0,0
0.026
0.0
0,0
0.066
0.0
0.0
0.0
0,115
0.190
0.0
0,016
0,0
0,000
0,033
0.0
0.0
0,017
0.000
0,006
0,0
0.0
0,0
0.028
0.356

I 0.06
I 0.06
I 0.00
I "Q.oa

I -0.00
I 0.06

0,09
0,00
•0.07
0.24
0.07
0.00
•0.00
0.04
0.00
0.05
0.00
0.0
'0.02

I 0.03
I 0.0
I 0.00
I 0.00
I -0,06
I 0.16
I 0.11
I 0,02
I 0.0

0,00
0,00
0.04
0,00
0.00
0.00
0.00
0,05
0,00
0,00
0,00

0,03

0.01
0,00
0.02
0,0
0,02
0.00
0.00
0.00
0.00
0.03
0.01
0.00
0.00
0.00
0,07
0,00

0.0 I
0,0 I
0,33 I
0,0 I
0,19 r
0.0 I
0.0 I
0.53 I
0.0 I
0.0 I
0.0 I
0.19 I
0.14 I
0.0 I

0.03 I
0.0 I
0.00 I
0.20 I
0.0 I
0.0 I
0,00 I
0,00 I
0.16 I
0.0 I
0,0 I
0,0 I
0.31 I
2.51 I
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Table 20

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
U5TH 11/02/76 TAUX DE FISSION CONSTANT (1 FIS,/S.)

TEMPS D1IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 06 S
1.163E-02 (MEV/S)
0,446 X
0.840 %
2.72U %
2,886 %

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I REND. PERIODE EBGM
I I

I I
I I
I ERREUR SUR PUISSANCE
I RÉSIDUELLE DUE A I
I REND PER, EBGM I
I (%) (%) (%) I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

BR 90
KR 90
RB 90M

R6 90F
SR 90
Y 90F

MO106
RU106
RH106F
TE137
1137

XE137
CS137
BAI 37*
CS144
BA144
LA144
CE144
PR144F
LA147
CE147
PM147

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0,065
0.187
0,027
0,039
0.002
0.0
0.044
0,000
0,0
0,015
0.101
0.108
0.005
0,0
0.018
0,262
0.077
0.004
0.0
0.011
0.013
0,000

-0.000
0.000
0.000
0.000

-0.283
0.000
0.0
0.077
0.000
0.000
0.000
0.000

-0.203
0.000
0,000
0.000
0.000
0.755
0.000

-0.000
0.000
0.005

0.0
0.0
0.0
0,0
0,047
0.253
0.0
0.000
0.045
0,0
0.0
0,0
0.048
0,166
0,0
0,0
0.0
0.021
0,265
0.0
0.0
0,024

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

-0,54
0,bû
0,42
0,08
0,03
0,0
0.07
0.00
0.0

-0.12
-0.18
0,24
0,06
0,0

-0,05
0,16
0.10
0.01
0,0
0,03
0,01

-0,00

0,00
0.00
0,00
0,00
0.79
0,00
0,0
0.0a
0.00
0,00
0,00
0,00
0,07
0.00
0.00
0.00
0.00
0.27
0,00
0.00
0,00
0,00

0,0
0,0
0,0
o.o
0,50
î.eo
0,0
0,00
0,27
0,0
0,0
0,0
0.51
0,00
0.0
0.0
0,0
0,23
1,85
0,0
0,0
0,32

I
I
I
I
I
I
I
ï
T
I
I
I
I
I
I
I
I
ï
I
I
T
I
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Table 21

SUP LA PUISSANCE RFSTDUEL.LE DUE AUX PRODUITS DE FISSION
***** PUOTH 09/03/76 *****

TAUX DE FISSION Cn.f!STAMT (1 FTS./S.3

TEMPS D'lPRADTATlPN 7.776E 07 S

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
X

TEMPS
RFF.
(S)

l.OE
2.0E
5.0E
l.CE
2.0E
5.0E
l.OE
2.0E
5.0E
l.OE
2.0E
5.0E
l.OE
2.0E
5.0E
l.OE
2.0E
5.0E
l.OE
2.0E
5.0E
l.OE
2.0E
5,0E
l.OE

00
0 0
00
01
01
01
0?
02
02
03
03
03
Q4
04
0 4
05
05
05
06
06
06
07
07
07
08

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PUISSANCE
RESIDUELLF
(MEV/S)

o.3«6aE 00
8.9930E 00
8.3S97E 00
7.764.4E 00
7.Q93PE 00
6.122PE 00
5.3575E 00
4.64Q7E 00
3.8040E 00
3.2066E 00
2.6199E 00
1.9634E 00
1.5921E 00
1.3095E 00
1.0116E 00
8.2620E-01
6.7558E-01
5.1098E-01
3.9944E-01
2.9674E-01
1.9225E-01
1.3003E-01
8.0283E-0?
3.44QOE-02
1.3820E-02

I
I
I
I

I
I
I
I
I
I
T
I
I
I
T
I
T
I
I
I
I
I
I
T
I
I
I
I
I

ERREUR
DUE AU
REND.

c*>
0,999
0.977
0.946
0.907
0,862
0.803
0.760
0.727
0.709
0.715
0.7?6
0.678
0,643
0,647
0.644
0.6?3
0.607
0.619
0.673
0.777
0.952
1.089
1,267
1,464
1.237

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ESREUR
DUE A
LA PER,

m
0,260
0.248
0,221
0,248
0.307
0.332
0.343
0.337
0.240
0,148
0.106
0.108
0,133
0.179
0.266
0.246
0.149
0.131
0.159
0.200
0.187
0.178
0.192
0.269
0.497

I
I
ERPEUR I
DUE AUXI

IENERGIESI
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

(*)

1,949
1.940
1.914
1.879
1.824
1.693
1.546
1.407
1.219
0.987
0.730
0.620
0.660
0.713
0.783
0.856
0.960
1.139
1.313
1.556
2.058
2.601
3.244
3.660
2,787

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ESREUR
TOTALE

2,205
2.186
2.146
2.101
2,041
1.903
1.756
1.619
1.431
1.227
1.035
0.925
0.931
0.979
1.048
1,087
1,145
1.303
1.484
1.750
2.276
2.826
3,488
3.951
3.089

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 22

ANALYST Dp- L ' E P P E ' J P 5i!R LA PUISSANCE P E

PU9TH 0 0 / 0 3 / 7 6 TAUX DE H U S T O N C C ^ S T A M ( 1
T E l j y 3 D1 t P P A D I A T i n : - , 7 .77^ ,E 07 S
TE'-'PS DE PFFRHICISSEVEN'T 1.C0OE OC S
PUISSA.NCF: &E37DUFLLE 9.346E 00 (MFV/S)
E.PPEUP DUE R!* "t^DEr-F-TS O.9Q9 *
EPREJP DUE AUX P£PinorS 0.260 %
ZkP.fLij* DUE Aijx ENERGIES l.Q49 %
h'PPElJP THTALE 2,?Q5 X

I
I
I
X

I
X

I
I

MJCLETT F T
I
I
I

"E'-3JBILTT
P P_ «5 J D M

PE'.r. p

E O£ P"I
ELLE A
FPTODE

SSANCE

FGGM

I
7

T
I
I
I

FR»t"UP SUR
RESIDUELLE
PEND PÇQ
C %) (%)

PUÏSSAN
DUE A

. EBGM

(X)

I
T

CEI
I
T
I

I KP
I RH
I RB
I 5P
I SP
I v

I v
I SP
I v
I Y
I Z^
I NB
I ZP
I vB
I Z^
I v«
I ZP
I NR
I M 0
I MB
I TC
I NB
I ^n
I -0
I TC
I '0
I TC
T lip

î TC
I I
I TE
I I
I TE
I T
I I
I I
I Xfc
I XE
I CS
I XE
I CS
I XE

<>2

95
95
06
<?6
P7
98
96F
09

100
1 OOP
101
101
101
102
102F
103
103
104
104
105
105
106
106
132F
13a
13aF
135
135
136F
137
137
136

0.010
0.01?
0.01 \
0.011
0.017
0.00?
0.02e?
0.007
0.013
n . r 1 !
0 . 0 1 a
0.011
0.000
0,01e»
0.001
0.O25
O.OO?
0.019
0.01"
0.001
0.020
0. oon
0.023
0.017
0.024
0.001
0.02*
0.0G5
0.012
n.OOfi

o.oon
0.017
0.007
O.01?
0.012
0.007
r'. n 1J
0 . 0 u «
0.023

139
139

0,001
0,000
•0.000
•0.000
0 . 0 0 1

• 0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 , 0 0 3
0 . 0 0 1
C . 0 0 0
0 , 0 0 3

• 0 . 0 0 0
0 . 0 0 0
G . 0 0 1
0 . ^ 0 2
0 . 0 0 0

• 0 . 0 0 0
0 . C 0 3
c . 0 0 0
0 . 0 0 3

• c . 0 0 0
• 0 . 0 0 0
' 0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
•0.000
0.000
0.001
0.000
0.000
'0.0O0
0.000
0.000
'0.000

0.001
0.000
-0.000
0.000

0, 0Q4
0.008
0.006
0,010
0, oofi
0.013
0.013 I
0,011 1

005
019
007
007
011

0,010
0.010
0 , 0 0 7
0 . C 19
0 . 0 0 5
0 . 0 1 2
0,011
0.015
0.014
0.00^
0, 023
0,008
0,016
0.014
0.013
0.003
0.01?
0.01s
0.003
0,022
0.007
0,01?
0.010
0.00T
0.01?
0,00°
0.01 P
0,009
0,011
n.006

0.05
0.14
0.19

-0.1?
-0,05
-0.10

0.23
-CIO
0,07
-0.09
-0,01
0,06

-0.05
0.28

- 0 . 12
0.23

-0.13
-0.09
0.19

-0.00
0.20

-0.13
0, 10

-0.05
0.27

-0.14
0.16
0.05

-0,01
0.03

-0.0?
0.16

-0.0^
0.07
0.21

-0.11
0,1?
0,04
0,13
0.01
0.10

0,00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.02
0.01
0,00
0.02
0.00
0.00
0.03
0.0 3
0.00
0.0c
0.05
0.00
0.10
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0.00
0.00
0,00
0.00
0,00
0,00
0.00
0,00
0.00
0,00
0.00
0.0 0

0.01 I
0.05 I
0.0? I

c-.ee 1
0.19 I
0.10 I
0.29 T
0.05 T
0. 16 I
0.66 I
0.05 î
0,06 T
0,09 T
0.10 T
0.3? I
0.25 T
0.54 T
0,13 î
0.21 T
0.04 T
0,5? I
0.38 I
0.17 T
0,79 T
0,29 î
0,38 ï
0.51 I
0.33 I
0.10 I
0.35 -I
0,0? I
0.09 I
0,06 I
0.26 I
0.03 T
0,04 I
0,26 I
0.08 I
0,03 ï
0.06 I
0.04 1
0,08 I
0.11 î
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I
I
I
I
I
I
I
I
I

CS140
csiai
L A 1 il 0
CS1U2
BA142
LA142
BA l^3
B A 144
LA1U6

I
T
I
I
I
I
I
I
I

0.022
0.016
0.000
0.011
0.016
0.001
0,016
0.013
0.013

-0.000
0.000

-0.000
0.001

-0.000
-0.000
C.0OÛ
0.000
0.000

0.019
o.ooe
0,015
0,004
0.007
0.016
0.006
0.0Q4
0.006

T
I
I
I
I
I
I
T
T

0.19
0.17

-0.00

o.n
-0.09
-0.03
-0.03
0.C9
0.12

0.00
0,00
0.00
0.01
0,00
0.00
0,00
0,00
0,02

0.0*
0.18
0.03
0.C8
0,05
0.03
0,28
0.15
0.21

T
I
I
I
r
I
I
I
Î

Table 23

ANALYSE DE L'ERREUR SUR LA PUISSANCE
PU9TH 09/03/76 TAUX DE FISSION'
TEMPS D'IRRADIATION 7.776E 07
TEMPS DE REFROIDISSEMENT 1.000E 01
PUISSANCE RESIDUELLE" 7,764f 00
ERREUR DUE AUX RENDEMENTS 0.907 X
ERREUR DUE AUX PERIODES 0,?48 X
ERREUR DUE AUX ENERGIES 1.879 %
ERREUR TOTALE 2.101 %

RESIDUFLLE
CONSTANT (1
S
S
(BEV/S)

FIS./S.)

I I
I I
I NUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I REND. PERIODE FBGM
I I

I T
I I
I ERREUR SUR PUISSANCEI
I RESIDUELLE DUE A I
I REND PER, EBGM I
I (X) (%) (%) I

I KR 89
I KR 90
I RB 91
I SR 93
I SR 94
I Y 94
I SR 95
I Y 95
I SR 96
I Y 96
I Y 97

012
010
013
020
002
027
008
011
01?

0.010

-0
u

-0
0
0
0

0.000
0.001
0.001
0.000
0.001

000
004

ooo
002

ooi
000

0.006
0.004
o.oio

01?
009
016
012
013
001

0.02?
0.000

0.06
0,05
0.13

-0.09
0,1!

-0.11
0,29

-0.20
0.16
0.09
0.06

0.00
0.00
0.01
o.oo
o.oo
0.00
0,04
0.00
0.01
0,02
0.00

0,0? I
0,0! I
0.04 I
0.10 I
0.21 I
0.12 I
0.27 I
0.07 I
0.04 I
0,76 I
0.00 I

- 34 -



Table 23 cont'd

L*

MH10 3
r-0 1 OU
T C 1 O 4
Mf ' 1 OS
TCl O b
'•0106
TC 1 06
SB131
TF_i32

TP-1 3 3''

I 1 3 4 F
TF-135

11 35
I 136F
1137

XK-137
XF136
CS133F
XE139
C3139
<Fl4o
CSX ao
CSiai
LA 1 ao

LAI/42
B A l ^ i
B A 1 a 4
L A 1 6 6

C . O l l
0 , 0 0 0
o . o i ?

* . 0 1 3
0 . 0 1 3

0 , 0 0 0

0 . 0 1 9
0 . 0 2 ?
0 . 0 0 ?
0 . 0 3 1
0 . 0 0 6
C . 0 1 3
0 . 0 3 9
o . o i n
0 . 0 1 1
0 . 0 0 0
0 .011
o . o ? r
o . o o *
0 . 0 1 2
o , o l 4
o . o o *
o . o i ?
O . n O Q

0 . 0 2 7

0 , 0 0 ?
0 . 0 2 0
0 . Û 0 7
r>."21
0 . 0 2 5
0 . 0 1 8
0 , 0 0 0
0 . 0 07
0 . 0 1 °
0 . 0 0 1
0 . 0 1 5
0 . 0 1 3
0 . 0 1 3

0 . 0 0 a
c . o o i
0 . 0 0 4
0 . 0 1 0
0 . 0 0 2
0 . 0 0 5

1Û . 0 0 0
C , 0 0 6
0 . 0 0 0

c .ooo
Û.002
0.001
'0.000
0 . C 0 3
0.000
0.002
0.002
0.000
0.000

000
000
001
001
Q03
000
ooo
0 0 2
00 1
000
001
00?
ooo
003

•0

0
0
0
0
0
0

o
0
0
0
0

•0
0
0 . 0 o i
G . 0 0 2

• 0 . 0 0 0
o.eoo

' 0 . 0 00
' 0 . 0 0 0
0 . 0 0 3
0 . 0 0 2
0 , 0 0 2

0.OQ7 I 0 . 0 2 0 . 0 4 0 . 0 6 I
0 , 0 1 2 I - 0 . 0 0 0 , 0 3 0 . 0 9 T
0 , 0 0 1 I 0 . 0 2 0 . 0 4 0 . 0 1 I
0 , 0 0 3 I 0 . 2 0 0 . 0 5 0 . 1 2 I
0 . 0 0 * I 0 , 1 0 0 . 0 3 0 , 0 1 I
0 . 0 0 6 I - 0 . 0 2 0 , 0 2 0 , 1 1 1
O.Oia I - 0 . 0 7 0 . 0 0 0 . 0 4 I
0 . 0 0 2 I C O P 0 . 0 8 0 , 0 7 I
0 . 0 1 7 I - 0 , 0 0 0 . 0 0 0 , 4 6 I
0 , 0 0 0 I 0 . 0 9 0 , 0 1 0 . 0 0 I
0 . 0 2 5 I 0 . 0 7 0 . 0 2 0 , 8 6 I
0 , 0 0 9 I 0 . 1 1 0 , 0 1 0 , 3 2 I
0 , 0 1 9 I - f t , 0 6 0 , 0 0 0 . 4 6 I
0 . 0 1 5 I 0 . 3 ? 0 , 0 3 0 , 5 2 I
0 . 0 1 5 I - 0 , 1 5 0 , 0 0 0 , 4 0 I
0 . 0 0 ? I 0 . 1 6 0 . 0 3 0 . 0 7 T
0 . 0 1 3 I 0 . 0 5 0 , 0 2 0 . 3 8 I
0 , 0 0 8 I - 0 , 0 9 0 , 0 0 0 , 1 8 I
0 . 0 0 2 I - 0 . 1 5 0 . 0 0 0 . 0 1 I
0 . 0 1 8 I - 0 . 0 1 0 . 0 0 0 , 0 3 I
n . 0 0 7 I 0 . 1 1 0 , 0 0 0 . 0 3 I
0 , 0 0 4 I 0 , 0 6 0 , 0 0 0 , 1 1 I
0 , 0 2 7 I - 0 . C 2 0 . 0 0 0 . 0 7 I
O.OOé» I 0 . 1 4 0 . 0 3 0 . 2 ? I
0 . 0 1 4 I - 0 . 0 9 0 , 0 0 0 , 0 3 I
0 . 0 1 2 I 0 . 0 9 0 . 0 0 0 . 0 5 I
0 , 0 0 7 I 0 . 2 1 0 . 0 0 0 . 2 4 I
0 , 0 1 4 I - 0 . 1 1 0 , 0 0 0 . 0 9 I
0 , 0 1 1 I 0 . 1 5 0 . 0 0 0 . 0 4 T
0 , 0 2 2 I 0 , 0 5 0 , 0 0 0 , 0 7 I
0 . 0 0 9 T 0 , 1 5 0 . 0 0 0 , 0 4 I
0 , 0 1 3 I 0 . 0 6 0 , 0 0 0 , 0 9 T
O.OO^ T 0 . 0 9 0 . 0 3 0 . ^ 8 T
0 . 0 2 1 I 0 . 2 2 0 . 0 1 0 . 0 9 I
0 . 0 0 8 T 0 . 1 8 0 , 0 0 0 . 1 7 I
0 , 0 1 8 I - 0 . 0 0 0 , 0 0 0 , 0 5 I
0 . 0 1 1 T - 0 . 1 ? 0 . 0 0 0 .C6 !
0 . 0 0 8 I 0 . 0 1 O.OO 0 . 0 6 I
0 . 0 1 9 I - 0 . 0 3 0 . 0 0 0 . 0 4 T
0 . 0 0 6 I 0 . 0 7 0 , 0 3 0 , 2 0 I
0 , 0 0 3 I 0 . 0 9 0 . 0 2 0 . 1 1 1
0 . 0 0 5 I 0 . 1 1 0 . 1 5 0 . 1 6 I
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Table 24

A. M
PU

TE
TE

ÊR

AlYSE TE L ' F RPE.UR
'°TH 0 9 / 0 3 / 7 6
MPS D'IP.
"PS DE P
ISSANCE
REUP DUE
REUP DUE

ERREUR DUE
E.PREUP TUT

I
I
I
I
I
T
j.

I
I
I
î
I

1—
1

I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
ï
I
I

NUCLEJPE

KR 89
RB 69

Se 93
SP 94

Y 94
SP 95

Y 05
Y 96
Y 97

MB 9JF

Z R l O i
N R 1 0 1
MO 1 0 1
f J P l 0 2
T C 1 0 2 F

^ 8 1 0 3
MOI 0 3
MOI 04
T C 1 0 4

MO105
T C 1 0 5
RU105
RU 1 0 6
RH106P"

SNHO
3R131
SB132'
SB 132F
TE132

11 32F
SB133
TEl33M

TE133F
1133^

TE134
Ï 1 3 4 F
1 1 3 5

XE137
XE138
CS138F
XE139
CS139

RADI
E.F pn
REST

AUX
AUX
AUX

ALL

I
T
I S
I

T
I

I
I
I
I
I
I
î

I
T
I
I
I
T
I
T
I
I
T
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
î
I
I
I
I
T
I
î

ATirVJ

I T I S S E
DUEl.LE

PE:^DF.
p r e? 1 r.

E-'EPG

SI'P L * PUISSANCE PI
TAHx DP: F I S S I O N C O N

7 . 7 7 6 E 0 7 S
- F - i T l . O O H E 0 2 S

^ . 3 5 P L 00 (t
: ' F : , T S 0 . 7 6 0 %
Γ-FS 0 . 3 a ^ *4

I F S 1 . 5 4 6 X
1 . 7 5 6 %

E^CTBILTTF. DE PUISSANCE
P p; c

RFND!.

0 • 0 1 à
C . C O ?
0 . 0 1 6
0 . 0 2 ?
0 . 0 0 3
0 . 0 2 3
0 . 0 1 1

0 . 0 1 1
n . û 1 Ç
( ' . 0 0 0

0 . 0 1 ?
0 . 0 1 3
0 . 0 0 ?
0 . 0 1 5
n r< r< r>
•y » • . -••

0 . 0 \L>
0 . 0 \li
0 . 0 3 1
0 . 0 0 ?

0 . 0 2 9
^ . 0 0 ?
O.OGC
0 . 0 C ?
0 . 0 0 0

0.011
0 . 0 1 s
0 . 0 1 3
0 . 0 1 Î
r*. 0 1 fc

0 . 0 0 0
0 . 0 1 0
0 . 0 1 6
0 . 0 1 2

o.oc?
0 .029
0 . 0 1 ?
0 .021
0 .010
0 .038
0 ,002
0 . 0 1 9
0 . 0 1 0

I P U E L I E A
PEKTQDL FBGM

û . 0 0 3 0 . 0 0 6
- 0 . 0 0 0 fi.010

0 . 0 0 3 r>. 0 1 ^
0 . 0 0 5 0 . 0 0 5
0 . 0 0 0 0 . 0 2 3
0 . 0 * 6 0 . 0 0 ?
0 . 0 0 1 0 . 0 1 7
0 . 0 1 . 0 0 . 0 2 0
O . O O Q O . O O O

- 0 . c 0 0 0 . ° 11
0 . 0 0 0 0 . 0 0 0
0 . 0 0 0 0 . 0 0 0
0 . 0 0 1 0 . 0 1 8
0 . 0 0 0 0 . 0 0 0
C . C ^ O 0 . 0 2 3
0 . 0 0 0 0 , 0 0 0
0 . 0 1 6 0 . 0 1 ?
0 . 0 0 6 0 , 0 0 5
0 . 0 0 0 0 . 0 2 7
0 . C 0 9 0 . 0 0 5

C . 0 C 2 0 , 0 2 0
0 . 0 0 0 0 . 0 1 0

- C . 0 î 0 0 , 0 C 0
o . c o o 0 , 0 1 0
0 . 0 0 2 0 . 0 0 3
0 . 0 0 1 0 . 0 1 1
0 . 0 0 ? 0 . 0 0 6

0 . 0 0 3 0 , 0 0 ^
0 . 0 0 1 0 . 0 0 3
0 . 0 0 0 0 . 0 2 6
0 . 0 0 2 0 . 0 0 A
0 . 0 0 1 0 . 0 1 0
0 . 0 0 0 0 . 0 1 1

- C . 0 0 0 0 . 0 1 2
0 . 0 0 1 O.OOfc
C . 0 0 2 0 . 0 3 9
0 . 0 0 1 0 . 0 2 0
C. .005 0 . 0 1 5
0 . 0 0,1 0 . 0 1 4
0 . 0 0 2 0 , 0 3 ?
0 . 0 0 5 0 . 0 0 2
0 . 0 O 1 0 . 0 1 7

if

T
T
T
I

ï
I

î
î
J
I
T
I
I
I
T
T
I
T
I
î
î
I
T
I
I
I
I
I
I
T
T
I
I
I
I
I

I
I
I
I
î
I
I
î
I
I
I
I

IDUFLLE
S T A K i T ( 1

V/S)

EPPf'JP
RESIDU
P. END

m
0 , 0 9

- 0 . 0 7

G. OU
0.11

- C I O
c . 1 a

- 0 . 1 1
0 . 1 1
CD?

-0.01
0 . 0 3
0 . 0 4
c . 01
0 , 0 7

- 0 . 0 0
0 . 0 6
0 , 0 5
0 . 1 1

- 0 . 0 5
0 , 2 6

- 0 , 1 0

- 0 , 0 1
- 0 , 0 5
- 0 . 0 0

0 . 2 ^
0 .07
0 ,20
0 , 1 ?

- 0 . 17
- 0 . 0 ?

0 ,18
C.19

- 0 . 1 6
- C . 0 7

C . O *
- 0 . 0 3

0 . 0 ?
- 0 . 0 2

0.21
0 .07
0 . 1 ?
0 , 1 3

F I S .

SUP P
ELLF

P E p .

m
0 .00
0 , 0 0
0 . 0 1
0 . 0 0
0 . 0 0
0 . 0 6

ft. 0 0
0 . Î 7
0 . 0 0
« . 0 0

0 . 0 0
0 . 0 0
O.OO
O.OO
0 . 0 0
0 . 0 0
0 . 16
0 . 0 4
O.OO
0 . 0 9
O . 0 1
0 , 0 0
0 . 0 1
0 . 0 0
0 .01
0 . 0 0
0 . 0 3
0 . 0 5
0 .00
0.0 0
0 . 0 3

e.oo
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 .00
0 . 0 1
0 .00

/ S . )

UISSANCE
DUE A

EBGM

(X)

0 , 0 ?
0 . 0 1
0 . 1 2
0 . 1 3
0 . 1 7

0 . 0 4
0 . 0 9

0.6e*
0 . 0 0
0 , 0 < J
0 . 0 0
0 , 0 0

O.Of
0 . 0 0
0 , 6 1
0 , 0 0
0 . 4 3
0 , 1 6
0 , 6 5
0 , 1 6

0 , 5 ?
0 . 0 4
0 . 0 0
0 , 0 6
0 . 1 ?
0 . 2 5
0 , 1 3
0 , 1 3
0 .02
0 , 0 4

0 .08
0 . 0 4
0 . 0 7

o.os
0.1?
0 .10
0 .04
0 .10
0 .06
0 .10
0.01
0 .12

1
I
I
I
I
I

T
I
I
T
I
I
I

I
I
I
I
I
I
I
î
I
î
I
I
I
I
T
I
I

î
ï
I
I
I
I
î
I
I
I
T
I
I
I
I
T
T
I
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I
I
T

I
I
I
I
I
I
I
I
I

C S 1 n 0
CS 1 a 1
U ^ i a o
C S 1 - U 2
RA i a i
B A 1 U 2

E? A l a 3
L A i a 3
L A i a b

1
T

I
I
I
I
I
I
I
T
I
I

0 . 0 1 7

0 , 0 1 *
0 . 0 0 0
o . 0 13
o . o i o
0 . 0 2 7
ft . 0 D 1
0 . 0 1 5
0 . 0 0 ?
o . o n
o . n o n

0 . 0 0 2

con
0 . 0 0 3

-cooo
0 . 0 0 0
COO I

coo:
- 0 . 0 0 0

0 . 0 o l
0 . 0 0 0
0 . 0 0 1
o.ooo

coco
A . 0 1 ?
0 . 0 0 1
0 . 0 2 6
0 . 0 0 0
0 . 0 1 5
0 .010
0 . 0 2 *
o.ooo
o . o i o
0 . 0 0 0
o . o i ?

I
T
T
I
I
I
T
I
I
I
I
I

0.05
0 . 1 6
0.10

- 0 . 0 0
0 . 0 5

- 0 . 0 5
0 .04

- 0 . 0 "
C.01

- 0 . 0 2
0 . C 2

- C O O

0 . 0 2
A , 1 1

o.oo
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0

coo
o.o i
0 . 0 0
0 . 0 5
0 . 0 0

o.oo
o.;5
0 ,02
0 . 0 5
0 .00
o.oe
0.06
0.0*
0 . 0 0

o.oe
0 .00
0 . 0 5

I
T

1
I
I
I
!
I
!
I
I
I

Table 25

A ̂  A L Y

P1

Tl
L'OTH
F>-P5

T E v ' p S
P1

E,

E
F_
E

I
I
T
X

I
I
I

I

I
I
I
J
I
I
I
I
I
I
I
I
I
I
I
I
I
J

SE D F I • ER»EUR S

0 9 / 0 3 / 7 6
D ' l
DF

U I S S A N C E
^REU

°RFu
RVE'J

» DU
R PL'
& TO
R TQ

'•!UCLFTD

KR

KR
P5
SR

Y
SR

Y
SP

Y

SR
Y

ZR
NB

Y

ZR
MR
•NB

* 8
88
88
89
92
92
q 2
93
93F
94
94
95
95
95
95F
97
97
97H
97F

B R A D I
5 F F ~ 0

RE 5 1
E AJX

F AUX
F AIJ X

TALE

I
T
i.

F I 5
T

I
I

I
I
I
I
I
I
T
I
I
I
I
I
T

I
I
7
I

I
I

A T I n •,
i r i s s E M
DUELLF

" I V! D ̂  ' :
p L p IP D
F' ;FPGJ

E ^ 3 I B T L
P t. 81

REI^D,

0 . 0 1 1
0 , 0 1 3
0 . 0 0 0
0 . 0 1 0
0 , 0 1 5
0 . 0 1 1
0 . 0 0 0
0 . 0 1 4
0 . 0 0 0
0 . 0 1 6
C , 0 0 3
0 , 0 2 3
0 . 0 1 2
0 . 0 0 1
0 , 0 0 0
0 . 0 2 5
0 . 0 1 4
0 . 0 0 0
0 , 0 0 0

MR LA PUISSANCE RE
TA"X DP

7 .
r-IT l .

3 .
F'iT3 0 ,
FS 0 .
FS 0 .

1 .

FissTOM re
776E 07 S
00or, 0 3 s

:s j:DUFUE
>TAM ( I

207E 00 (MEV/S)
7 1 ^ X
148 X
937 x
?27 X

TT p HE PUISSANCE
nUFLLE

PFRIGDE

0 , 0 0 0
0 , 0 0 0
0 . 0 0 1
0 . 0 0 3
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 1 0
0 . 0 0 1
0 . 0 0 1
0 . 0 1 2
O . O O O

con
0 . 0 0 2
0 . 0 0 0
0 . 0 0 0

- D . 0 0 0
0 . 0 0 0
0 . 0 ^ 0

\
FBGM

0,000
0 .008
0 .015
0 ,000
0 . 0
0 . 0 1 3
0 .015
0 ,006
0 .015
0 ,000
0 . 0 2 2
0 .000
0 ,010
0 . 0 1 2
0 . 0 1 1
0 . 0
0 .015
0 ,010
0 . 0 1 9

1
1
1
i
1
1

1
1
1
1
1
1
1
1
1
!
1
I
I
I
I
I
I
I
I

FRPEUR

F I 3 . /s . )

I
I

S'lR PUISSANCEI
RFSIDUELLF
RFND

( X )

-O.OM
0 . 0 7

- 0 . 0 3
0 . 0 3
0 . 0 5
0 . 0 3

- 0 . 0 1
0 . 0 2

- 0 . 0 1
0 . 0 5

- 0 • QU
0.08

- 0 . 0 1
- 0 , 0 3
- 0 . 0 0

0.1a
0,10

- 0 . 0 0
- 0 . 0 1

PER.
(X)

0,00
0,00

coo
0 . 0 0
0 .00
0 .00
0 .00
0 . 0 2
0 , 0 1
0 .00
o,oi
0 .00
0 , 0 3
0 .00
0 ,00
0 ,00
0 .00
0 .00
0 .00

DUE A
FBGM

C%)

0 , 0 0
0 . 0 2
0 . 0 «
0 ,00
0 .0
0 . 0 3
0 , 0 8
0 .05
0 .10
0 .00
0 .16
0 .00
0 ,05
0 . 0 2
0 ,01
C O
0 , 0 9
0 , 0 0
0 . 0 7

I
I
I

!
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
X
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Table 25 conVd

I
I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
X

I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

I
I
I

I

MO 99
Z R 1 O 1
r - ' B i o i
M O 1 0 1

T C 1 O 1
N B 1 0 2
MO 1 0 2

TC102F-
FUJI 0 3
MO 1 0 4
T C 1 0 4
^0105
T C 1 0 5
R U 1 0 5
P U 1 0 6
« H 1 0 6 F
SP131
S6132"
SB132F
TE132

H 3 2 F
TE133W
T E 1 3 3 P

H33P
T E 1 3 4

I13-UF
TE135

1135
XE135F
XE138
CS136F
XE139
CS139
PA 139
XE140

cs iao
cs i -a i
L A 1 4 0

SAia i
L A H l
8A14?
L A 1 4 2
RA143
CE144
PPI^^F
L A 1 Û 6

PR146

!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
T

I
T
I
T
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
Ï
I
I
I
T

I
I
I
I

o.ooo
0 .012
o . o i ?
o . o o ?
0 . 0 0 ^
o.o io
0 . 0 0 4

o.o
0 . 0 0 0

o . o a a
0 . 0 0 ?
0 . 0 2 1
0 . 0 0 7
0 , 000
0 . 0 0 3
0 . 0 0 0
0 . 0 1 9
0 . 0 1 ?
0 . 0 1 1
0 . 0 2 6
0 . 0 0 0
0 . 0 24
0 . 0 1 3
0 . 0 0 4
0 . 0 4 5
0 , 0 1 6
0 . 0 1 3
0 . 0 34
0 . 0 0 1
•0,0 48
0 . 0 Q 3
0 . 0 1 4
0 . 0 0 9
o.ooi
o .o i e
0 . 0 2 8
0.01<?
0 . 0 0 0
0 . 0 1 7
0 . 0 1 3
0 . 0 0 0
0 . 0 36
0 . 0 0 1
0 . 0 1 7
0 . 0 0 0
0 . 0 0 0
0 . 0 15
0 . 0 0 0

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 1 3
0 . 0 0 2

o.ooo
0 , 0 1 6
0 . 0 0 0

o.ooo
0 . 0 O 2
0 . 0 1 3
0 .001
0 . 0 1 3

o.ooo
- 0 . 0 1 7

0 . 0 0 0
0 . C 0 7
0 . 0 0 2
0 . 0 C 1
o.ooi
o.ooo
0 . 0 0 4
G . Q 0 6

- 0 . 0 0 0
0 . 0 0 5
0 . 0 0 8

o.ooo
0 .002
0 . 0 0 0
0 . 0 1 4
0 . 0 0 9
0 . 0 0 1
0 . C 1 1
o.ooi
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- O . 0 0 Q
0 . C 0 0
0 . 0 09
C . 0 0 0
0 . 0 03
0 . 0 0 2
0 . 0 0 0

- 0 . 0 1 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 3

o.o io
0 . 0
0 , 0
0 . 0 1 4
o.o io
0 . 0
o.oo?
o . o i s
o .on
o .ooo
0.02 e ?
o . O O O

o .ooe
0 . 0 1 7

o.ooo
0 .017
o . o i ?
0 . 0 0 1
0 . 0 0 0
0 . 0 0 5
0 . 0 4 4

o.on
0 . 0 0 9
0 . 0 2 1
0 . 0 Q 7
0 . 0 5 9
0 . 0 0 0
0 . 0 3 ?
o . 01 ?

o.on
0 . 0 4 7
0 . 0 0 0
0 . 0 0 9
o . o i s
0 . 0 0 0
0 .000
0 . 0 0 0
0 . 0 4 4
0 . 0
0 . 0 1 0
0 ,015
0 . 0 0 6
0 , 0 4 4
0 , 0 0 0
0 . 0 0 1
0 . 0 1 3
0 , 0 0 0
0 . 0 1 7

I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
Ï

1
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I

0 . 0 0
0 ,0 3
0 . 0 ^
0 .01

- 0 . 0 0
0 ,05
C O ?
0 , 0
0 .00
C.07
C.01
0 .17
0 . Q 4

-0 .01
0 . 0 ?

- 0 . 0 0
0 .17
0 ,11
0 . 0 3

- 0 . 0 2
• 0 . 0 2

0 , 4 0
- 0 . 2 4
- 0 . 0 °
o.ife

- 0 , 0 6
0 , 0 6
0 ,06

- 0 . 0 1
0 ,29
0 .10
0 . 0 8
0 . 1 2

- 0 . 0 5
0.01
0 , 0 5
0 , 0 9

- 0 , 0 0
0 . 0 6
0.03

-0 .01
0 . 0 4

- 0 . 0 4
- 0 . 0 1

0 . 0 0
- 0 , 0 0

0 . 0 2
- 0 , 0 0

o.oo
0 . 0 0
0 . 0 0

o.oo
0 . 0 0
o.OO
0 . 0 3
0 , 0 0
0 . 0 0
0 . 0 1
0 . 0 3
0 ,01
0 . 0 7
0 .00
0 .01

o .oo
0 . 0 2
0 . 0 4
0 . 0 1
0 . 0 0

o.oo
0 . 0 0
o.o i
o.oo
0 . 0 1
0 . 0 2
0 . 0 0

o.oo
0 .00
0 . 0 1
0 , 0 0

coo
0 , 0 4
0 . 0 0
0 . 0 0
0 .00

o.oo
o .oo
0 .00
0 ,00
0 .00
o.oi
0 . 0 0
O.OO

coo
0 ,00
o.o i
0 . 0 1

0 . 0 6
0.0
0 , 0
0 . 0 5
0 . 0 6
0 . 0
C . 0 9
0 . 3 9
0 . 0 2
0 .00
0 .61

coo
0 . 2 ?
0 ,06

coo
0 .10
0 . 2 6
0 .02
0 .00
0 . 0 3
0 .07
0 . 0 5
0 . 0 6
0 . 0 9
0.2ft
0 , 1 6
0 .00
0 ,07
0 ,07
0 . 0 4
0 ,1?
0 . 0 0
0 , 0 6
0 .10
COO
0.00
0 , 0 0
0 .0»
C O
0 . 0 7
0 . 1 2
0 . 0 5
0 . 0 9
0 . 0 0
0.01
0 , 0 9
0 . 0 0
0 . 0 7

I
I
I
I
I
T
I
T
I
I
I
I
I
T
I
T
I
I
I
T
I
I
I
I
*
I
I
I
I
I
I
I
T
I
I
I
I
!
I
I
I
I
I
I
T
I
I
I
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ANALYSE DF L'ER
PU9TH 09/03/76
TE
TE

*EUR SUP

Table 26

L* PUISSANCE 3E3I0UF.LLF
TAUX DF FISSIO* CC

:MPS D'IRRADIATION
IMPS DE RE:FRHI

PUISSANCE RESID
ERREUR DUF
ERREUR DUF
EPPEJR DUE

AU*
AUV
AUV

ERREUR TOTALE

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NUCLEIDF

BR «8
KR 88
RB 88
RB Pi
PB 92
SR 91
SR 92
Y 92

SR 93
Y 03F

SP 95
Y 95
ZR 95
NB 95F
SR 97
Y 97
ZR 97
MB 97*
NB 97F
ZR 99
MO 99
NB103
MO103
RU103
MO105
RU105
MO106
TC1O6
RU106
RH106F
1131

SB132M
SB132F
TE132
H32F

TE133M
TE133F
H33F

TE134
I134F

TE135
1135

I
I
I SE
I

DISSF'iFNT
UELLP:
PF.N!DR<F?iT
PE^inoFS
ENERGIES

NSIBILTTF

7.776E 07 8
1.000E 04 S
1.592E 00 CN

3 0.64T; X
0.133 X
0.660 %
0.931 X

r»E PUISSANCE
RESIDUELLE A

I REND. PF
I

I
I
I
T
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.012
0.014
0.000
0.016
0.021
0.005
0.015
0.000
0.016
0.001
0,032
0.017
0.001
0.000
O.Ola
0.046
0.026
0.000
0.000
0,016
0.000
0.013
O#ni3
0.000
0.021
0.000
0.015
0.014
0.006
0.0
0.000
0.021
0.021
0.053
0.000
0.02?
0.016
0.007
0.025
0.005
0.021
0.055

RÎODE EBGM

0.000 0.0
0.016 0,009
0.002 0.017
0.000 0.0
0.000 0,0
0.005 0.015
0.013 0,013
0,004 0.025
0.000 0.000
0.006 0.025
0.000 0.0
0.000 0,000
0.004 0,025
0.001 0,023
0.000 0,0
0.000 c.o
0.007 0.027
0.000 0.019
0.002 0,035
0.000 0.0
0,001 0,020
0.000 0,0
0.000 0.0
0,001 0,023
0.000 0.0
0.010 0.023
0.0 0.0
0.000 0.0
C.035 0.000
0.000 0.034
0.000 o.oi?
0.000 0.000
0.000 0.000
0.003 0.010
0,001 0.0S7
0.010 o.ooe
0.000 0,000
0.002 O.O39
0.022 0.001
0.037 0.027
0.000 0,0
0.019 0.051

•E\

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

JTA^T CI

l/S)

ERREUR

FIS./S1.)

I
I

SUP PUISSANCEI
RESIDUELLE DUE A
REND
(X)

-0.04
0.08

-0.00
0.04
0.07
0.02
0.04

-0,01
0.01

-0.00
0.10
0.05
0,01

-0.00
0,16
0.25
0.18

-0,00
-0,01
0.07
0,00
0.05
0,05
0.00
0.17
0.00
0.06
0.06
0.05
0,0

-0,00
0.11
0.11
0,14

-o.oa
0.2*

-0.10
-0,06
0,11

-0,04
0,11
0,09

PER,
(%)

0.00
0.01
0,00
0.00
0.00
0,05
0.00
0,00
0.00
0,06
0,00
0.00
0.00
0,00
0,00
0.00
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.0
0.00
0.02
0.00
0,00
0.00
0,00
0,00
0.01
0.01
0.00
0,00
0.04
0.08
0,00
0.03

FBGM
C«)

0.0
0,02
0.04
0.0
0,0
0,06
0,03
0,14
0.00
0,16
0.0
0,00
0,04
0,02
0,0
0,0
0,16
0,00
0,13
0.0
0,12
0.0
0.0
0.04
0.0
0,08
0,0
0,0
0,00
0,20
0,05
0.00
0.00
0.05
0.14
0.01
0.00
0.17
0,03
0,07
0,0
0,11

I
I
T

I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
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Table 26 cont'd

I
I
I
*
I
T

X
I
T

1
I
I
i
I
I
I
I

XF.13ST
CS136F
M 1 3 9
X11 a o

c s i a o
C 3 1 4 1

8* l ^ 0
L A 1 ii 0
•34141
L A 1 4 1
5 * 1 4 2
UM'J2
D A l a 3
CE143
P A 1 ii 4
C F 1 4 4

p p i a u v

I
I
I
T
T
I
I
I
I
T

I
T
I
I
I
T

I

0 , 0 0 1
O . o o o

0 . 0 0 1
O . ^ i b
0 . 0 b ?
0 . 0 1 6
0 . 0 1 7
p , ^ 0 .'.'

o . o n
0 . 0 0 0
^ . 0 2 1
0-. 0 0 1

0 . 0 2 1
0 . 0 0 0
P . 0 1 *
o , o o 1
0 . o 3 0

0 . 0 O 2
0 . 0 1 7
0 , 0 1 1
0 . 0 0 0
0 . 0 0 0
C . 0 0 0

- 0 . 0 0 2
- 0 . 0 0 0

u . 0 0 h
G . 0 * 9
0 . 0 0 4
G . 0 3 3
0 , 0 0 0
0 . 0 0 1
0 . 0 0 0

- 0 . 0 2 c
0 . 0 0 0

0 . 0 2 3
0 , 0 0 ?
0 . 0 0 *
0 , 0
0 . 0
0 , 0
0 , 0 1 5
0 , 0 8 9
0 , 0 0 0
0 . 0 2 ^
O.OOO
0 . 0 2 9
0 . 0
0 , n 10
0 . 0

0 , 0 0 2
0 . 0 2 6

I
I
I
I
I
I
I
I
I
I
I
I
I
T
T

I
T

- 0 . 0 2
0 . 0 1
0 . 0 1
0 e 0 2
0 , 1 1
0 . 0 7
0 . 0 4

- 0 . 0 1
0 , 0 3

- 0 . 0 0
0 . 0 2

- 0 . 0 2
0 . 0 2

- 0 . 0 0
C.01
0 . 0 *

- 0 , 0 0

0 . 0 0
0 . 0 1
0 , 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 1
0 , 0 0
0 . 0 2
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 1
0 . 0 0

0 . 1 3
0 . 0 1
0 . 0 6
0 . 0
0 . 0
0 . 0
0 . 1 0
0 . 1 7
0 , 0 0
0 . 1 6
0 . 0 0
0 . 0 6
0 . 0
0 . 0 9
0 . 0
0 , 0 2
0 . 1 8

T
I
I
I
I
J
I
I
I
T
I
I
I
I
I
I
I
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Table 27

ANALYSE I)F l. «ERREUR Sl-T. LA PUISSANCE &ESIDUELLE
DMOTi>: no/n/7A TAiiv r̂ r CTOSUIM mΜ^TAKT rPU9TH 09/01/76
Tl
Tl
pi

F J
El
E1

El

I
I
I
Ï
I
t

X

1
I
I
I
1
I

1—
4

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
J
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

E^-PS 0 ' I P
EV.PS DE P
U I S S A . ' J C E

RREU» DUf
RP.EUR DUF
opFjP L> U F
»ftEu« TOT

' • J U C U I D E

S * <?1
Y < Î 1 F

Y 9 3F
S p 95

Y 95
ZP 95
MR 95F
SP 97

Y 97
ZP 97
MB 9 7 «
NB 97F
ZP 99
V 0 99
NB103
•'•'01 0 3
f?U10 3
MO106
TC106
PU106
RH106F
SB131

1131
SBi 32M
SB132F
TE 132

II 32F
T E 1 3 5 H
TEl3iF

H 3 i F
XE133F

1135
XE135F
X E l ^ O
C S 1 4 Q

8 A 1 4 0

L A 1 4 0

CEH1
8 A 1 4 3
CE l>3
PR 143
BAH4
LA 144
CE144
PR144F

RADIATION
EF P n j r - I S S E I !
RESIDUELLF

A
A

Ai..

I
T

T
J
T

î

I
I
I
I
I
I

T
T
I
I
I
I
T

îI
I
I
I
I
I
I
I
I
T
I
î
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
T
I
î

yy PE.VDE!'
iJX PÎ.S IHD
UX FMFP.GI
E

SE f 'S ISTL
PESI

P F ' i D .

^ . 0 1 3
0 . 0 0 ^
0 , 0 c n
0 . o 0 0
0.C61
0 . 0 3 1
0 . 0 0 3
0 .000
o . o i o
0 .0 3?
o . o i e
0.00 .0
0 . 0 0 0
0 . 0 2 7
0 . 0 0 0
0 . 0 2 5
0 .024
0 .000
0.0 30
0 .029
0 .012
0 . 0
0 . 0 1 3
o .ooo
0 . 0 3 3
0 . 0 3 3
0 . 0 8 î
0 .000
0 .017
0 .016
0 .007
0 .000
0 . 0 1 6
0 . 0 0 0
0 .067
0.1 Oβ
0 . 0 3 ?
0 . n o 0
0 , 0 0 0

O . 0 2 9
0 . 0 0 0
0 . 0 0 0

0 . 0 35
0 . 0 1 6
0 . 0 0 Î
0 . 0 0 0

TA IJX

r- jT

F ' jTS
ES
FS

T T F r:
r.iJFLt

DF
7 .
1 .
μ. e

o!
o .

1 .

FISSION ce
7 76F 0 7 S

ooor os s
?6?E-0l a
623 *
?U6 X
656 «
067 y.

n: PUISSANCE
i

PERIODE

C.
0 .
A
O' »

o.
V •

0 .
0 .
0 .
0 .
v •

0 .
0 .
0 .
f\
'-' •

0 .
0 .
0 .
0 .
'-..' •
0 .
0 ,

• 0 .

û .
0 ,
0 .
0 ,
û .
0 .
A
V m

0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 .

- 0 .
0 .

001
00 0
0 1 3
001
017
0 00
000
0 06
001
000
000
060
00 0
002
000
012
OOQ

ooo
002
C
000
067
000
000
001
000
000
Q40
004
001
000
029
001
0 3a
014
000
000
001
0 0 2
001
ooo
0 1 3
000
000
000
039
000

A
ERGM

0 . 0 1 J.
0 . 0
0 . 0 04
0 . 0 1 7
0 . 0 0 P
0 . 0
O.O
0 .046
0 , 0 4 4
0 . 0
0 , 0
0 . 0 1 6
o . o i ?
O.r>23
0 . 0
0 . 0 3 0
0 . 0
0 . 0
0 , 0 4 4
0.0.
0 . 0
o.ooo
0 .066
0 .000
0 . 0 2 ?
0 . 0
0 . 0
0 ,016
0.133
0 .000
o.ooo
0.031
O . O l û

0 .007
o.oi?
o.o
0 . 0
0 .026
0 ,169
0 .014
0 . 0
0 .020
0 ,016
0 . 0
0 , 0
0 ,004
0 , 0 4 9

STANT C

• E V / S )

I
I
I
î
I
I

I
I
I
ï
T
I
I
I
I
I
I
I
I
I
I
î
I
I
I
I
I
I
I
T
I
I
I
I
I
I
T
I
I
T
I
I
I
î
I
I
I
I
I
T
I
I
I

EPPEUR
FFSID1

RF.MO

m
0 , 0 0
0 , 0 3
0 , 0 ?

*o .oo
0,00
0 .16
0 ,10
0 .01

- 0 . 0 0
0.11
0 . 1 8
0 . 1 ?

- 0 , 0 0
- 0 . 0 0

0 ,10
0 .0 0
0 ,10
0 ,09
0, 0 n
0 , 1 2
0.11
O.lft
0 . 0

- 0 . 0 9
- 0 • 0 fl

0 ,16
0.16
0 , 2 ?

- 0 . 0 0
0 .06

- 0 . 0 3
- 0 . 0 ?
- 0 . 0 0

0 .0 3
- 0 . 0 1

0 .03
0.20
0 .06

- 0 . 0 1
- 0 , 0 0

0 .04
- O . o n
- o . o o

0 ,0 3
0 .01
0 ,00

- o . o o

1 F I S .

$VP p
UEU.E

PEP,

m
0 .00
0 ,00
0 , 1 4
0 .00
0 . 1 7
0 .00
0 .00
0 ,00
0 ,00
0 .00
o.oo
0 .07
0 , 0 0
0 , 0 0
o.oo
0 . 0 0
0 , 0 0
0 , 0 0
o.oo
0 . 0
o.oo
0 . 0 4
0 .0 0
o.oo
0 .00
0 .00
0 .00
0 . 0 3
0 . 0 3
0 , 0 0
0 ,00
0 . 0 1
0 .00
0.05
0 .00
o.oo
0 .00
0 ,00
0 , 0 0
0 ,00
0 .00
0 . 0 2
o.oo
0 .00
0 .00
0 . 0 1
0 , 0 0

/ S . )

UISSAMCE
DUE A

EBGh
r>0
0 . 0 9
0 , 0
0 . 0 ?
0 . 1 4
0 , 0 5
0 . 0
0 . 0
0 .06
0 .0 3
0 , 0
0 , 0
0 . 11
0 .00
0 . 0 9
C.O
0 , 1 6
0 , 0
0.0
0 . 0 7
O.C
0 . û
0 .0 1
0 . 3 9
0 .00
0 ,06
0 . 0
0 . 0
0 . 0 6
0.21.
0 .00
0 ,00
0 .13
o.nP
0.0 1
0 . 0 7
0 . 0
0 . 0
0 .16
0 . 3 ?
0 . 2 8
0 . 0
O.lrt
0 . 1 6
0 . n
O.C
0 .04
0.35

I
I
I
I
T
I

I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
ï
T
I
I
T

I
I
T
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

I
I
I



Table 28

ANALYSE: DT L'ERPEUR SUR LA PUISSANCE RESIDUELLE
PU9TH 09/03/76 TAUX DE FISSION CONSTANT Cl FIS,/S.)
TEMPS
TEMPS
PUISSA
ERREUR
ERPEUP
EPPEUP
FRPEUP

P'IPRAPIAT
DE REFROin
NCE RFSIDU

DUE AUX G
DUE AUV P
DUF AUX E
TOTALE

ION
IS SE MF-M T
£LLE
ENDFMFNTS
EPIHDFS
KFRGIES

7.776E
1.0 0 0 E
3.994E-
0,67 3 X
0,15° X
1 . 3 H X
1 . 4 8 4 X

07
06
01

3
S
CMEV/S)

I I
I T
I MUCLEIDE I SENSIBILITE DE PUISSANCE
I I RESIDUELLE A
I I RF.MD. PERIODE EBGM
I I

I I
I I
I ERPEUR SUR PUISSANCEI
I RESIDUELLE DUE A I
I REND PER. EBGM I
I (%) (%) C%3 I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

KP 89
SR 89
KP 91
P:9 91

Y 91F
SR 95

Y 95
ZP °5
NB 95F
MO 99
NSI 0 3
MOI 0 3
RU103
MQ106
TC106
RU106
PH106F
SB131

T131
TE132

U 3 2 F
XEiao
C S i a o
CS1«1
6A140
LAiao
C E i a i
BAU3
P«143
R A I 44
LA144
CE144
P R l - t i U F

î
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I

COIS
0 . 0 0 0
0 . 0 1 0
0 . 0 1 7
0 . 0 0 0

o.ue
0 . 0 6 3
n . 0 0 5

o .ooo
0 . 0 0 0
0 . 0 4 ?
0 . 0 4 0
0 , 0 0 0
O.ObO
0 . 0 5 6
0 . 0 2 4
0 . 0
0 . 0 1 0
0 . 0 0 0
0 .021
0 . 0
0 .082
0 .132
0 . 0 1 3
0 . 0 39
0 . 0 0 0
0 , 0 0 0
0 . 0 1 6
0 . 0 0 0
0 .071
0 .032
0 . 0 0 ?
0 . 0

0 . 0 0 0
0 . 0 0 4
0 . 0 0 0
0 , 0 0 0
C . 0 0 6
0 . 0 0 0
0 . 0 0 0
0 . 0 2 9
O.0H4
0 . 0 1 8
0 .000
0 .000
0 . 0 2 1
0 .0
0 .000

- 0 . 1 3 5
0 .000
0 .000
0 . 0 1 7
0 .087
0 .001
0 .000
0 .000
0 .000
0 .126
0 .0 30
0 .007
0 .000
0 .010
0 .000
0 .000

- 0 . 0 7 6
0 .000

0 .0
0 .020
0 .0
0 . 0
0 . 0 3 1
0 . 0
0 , 0
0 . 0 8 8
0 . 0 9 0
0 . 0 0 4
0 , 0
0 . 0
0 . 0 7 U
0 . 0
0 . 0
0 .001
0 ,134
0 .0
0 . 0 1 8
0 , 0 0 3
0 ,027
0 .0
0 ,0
0 ,0
0 .032
0 .212
0 . 0 2 3
0 ,0
0 ,020
0 ,0
0 ,0
0 , 0 0 8
0 ,099

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0 . 0 5
0 .00
0 .01
0 .04

- 0 . 0 0
0 . 3 5
0 . 1 9
0 , 0 3

- 0 . 0 0
0 .00
0 .17
0 . 1 6
0 ,00 .
0 .2«
0 . 2 3
0 . 1 9
0 .0

• 0 . 0 1
- 0 . 0 0

0 . 0 6
0 .0
0 .04
0 . 2 5
0 .06
0 .10

- 0 . 0 0
0 .00
0 . 0 2

- 0 . 0 0
0 ,06
0 , 0 3
0 .00
0.0

0 .00
0 ,00
0 .00
0 ,00
0 ,00
0 .00
0 ,00
0 ,00
0 . 0 0
0 ,00
0 .00
0 .00
0 , 0 1
0 ,0

o.oo0 , 0 7
0 .00
0 .00
0 ,00
0 ,07
0 . 0 1
0 .00
0 .00
0 ,00
0 . 1 1
0 . 0 5
0 .00
0 .00
0 . 0 1
0 ,00
0 .00
0 . 0 3
0 ,00

0 .0
0 . 1 6
0 .0
0 .0
0 . 2 5
0 .0
0 .0
0 . 1 5
0 . 0 6
0 . 0 2
0 .0
0.0
o.u
0 ,0
0 .0
0 . 0 1
0 . 7 9
0 .0
0 . 0 6
0 . 0 2
0 .0«
0 .0
0 .0
0 .0
0 . 2 1
0 .40
0 . 4 6
0 .0
0 .20
0 .0
0 .0
0 , 0 9
0 . 6 9

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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ALYSE Of.
PUSTH 09/
TE
TE
PU

03/76
f-PS M I C R A D Î A
MP:5 D E p

ISSAKlCE
ERREUR Tut
E»
ER
ER

I
I
I
I
I
I

I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

PEUD DUE
PEUP HUF

EFROI
RESID
AUX
AUX
AU*

PEijP TPTAl.E

^UCLETDE

KR 89
SP 89
RR 91
Y 91F

S» 95
Y Q5

ZP 95
MB 05^
NB103

r<010 5
PU103
1 j 01 0 6
rc 106
RU 106
SH106F
xEi 37
BA137M

3Aiao
CEiai
CS144
3 A 1 a a
L A i a a
CE144
P R i a a F

î
I
I SE
I
I r?
T

T
T
î
I
T
T
T
I
T
I
T
I
î
I
!
î
I
I
T
T
I
I
I
T

^EUP sur;
T A M

Tins
^ISSP'FMT
ULLLE
RENDEMENT
°E.'P-IODFS
FMFPGIPS

NSIPTLTTE

Table 29

LA pU
X DF

7.

U
1.

S 1.
0.
?.
2.

*E P
RESIDUELLE

FMH, c»F

0.01?
o.oyo
o. o i s
o. n o 0

0.080
o.oo^
0 ,000
0.022
0.0 2?
0.000
0.1CP
0.) 3P
0.060

o.o
o . o i a
0.0
0 . 0 0 î
0.000

o.on
0.166
0.075
0.004
0.0

RIHDE

0.000
0.0?5
0.000
0.0 42

o.ooo
0.000
0.241
0.0*8
0.000
0.000
3.0 au
0.0
0.000
0.295
0.000
0.000
0 .000
0.031
0.020
0.000

o.ooo
0.000
0.135
o.ooo

ISPAN'Cf RESIDUFLLE
FISSION CONSTANT Cl
7 76E 0 7 S
OOOE 07 S
30^E-01 CMFV/S)
0 6° %
17» %
6 01 %
^26 %

uissANcr.
A

FBGM

0.0
0.014
0.0
0.026
0.0
0.0
0,08?
0.135
0.0
0.0
0.034

o.o
0.0
0.002
0.335
0.0
0.017
0.000
0.007
0.0
o.o
0,0
O.OlS
0.233

I
T
I
I
T
I

I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I

ERREUR

FIS./S.)

T
I

SUR PUISSANCE!
RESIDUELLE" OUF
PENH

ex)
0.04
0.00
0.04

-0.00
0.45
0.24
0.04

-0.00
0.09
0.09
0.00
0.60
0.56
0.48
0.0
0.04
0.0
0.00
0.00

-0.07
0.13
0.06
0.01
0.0

PER. E

m
o.oo
0.01
0.00
0.02
0.00
0.00
0,02
0.01
0.00

o.oo
0.04
0.0
0.00
0.16
0.00
0.00
0,00
0.03
0.01
0.00
0.00
0,00
0.05
0.00

A
BGM
CX)

0.0
0.11
0,0
0.21
0,0
0.0
0.14
0.10
0,0
0,0
0.05
0.0
0.0
0.03
1.99
0,0
0.00
0.00
0.14
0.0
0.0
0,0
0.20
1,63

I
I
T

I
I
I
T
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 30

TAUX rF
ANALYSE DF L'FRPEUP SUP: LA PUISSANCE °
PU9TH 09/03/76
TEMPS D1 IPRADIATION
TEhPS DF REFROIDISSE
PUISSANCE RESIDUELLE

DUE AUX PENDE
DUE AUX PERIODES
HUE AUX ENERGIES
TOTALE

ERREUR
ERREUR
ERREUR

;FNT

1F.NTS

ilON
. >E 07
,OOCE 08
,38?E-02
,237 %
,497 %
,767 X

CONSTANT

S
CMEV/S)

Cl S./S.)

3,08e» %

I I I I
I I
I NUCIET.DE I SENSIBILITE ^E PUISSANCE
I T RESIDUELLE A
I I RF^D. PERIODE FBGM
I I

I I
I ERREUR SUR PUISSANCE!
I RESIDUELLE DUE A I
I RFMD PER. FBGM I
I (*) (%D (%) I

I
I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I

KR 90
PB 90*
RB 90F
SR 90
Y 90F

MO 106
TC106
RU 106
RH106F
1137

XE137
CS137
BA137M
BAia^
LA144
CEiaa
PRiaaF
CE147
PM147

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

n.06S
0.018
0 . 0 1 8
0.003
0.0
0,186
0.173
0.075
o.o
0.071
0.135
0.016
0.0
0.125
0.057
0,003
0.0
o.oit
0.000

0.000
0.000
o.coo

-Q.094
0.000
0.0
o.coo
0.716
0.000
0.0
0.000

-0.201
O.C
0.000
0.000
0.42a
o.ooo
0.000
0.005

0.0
0,0
0,0
0.014
*.O77
o.o
0.0
0.003
0.41?
0.0
0,0
0.043
ft.150
0,0
0.0
0,012
0.156
0.0
0,010

I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I

0.05
0.12
0.12
0.02
0,0
0.76
0.70
0.60
0.0

-0.35
0.39
0.18
0.0
0.1O
0.05
0.01
0.0
C.02

-0.00

0.00

o.oo
0.00
0,26
O.CO
0.0
0.00
0.39
0,00
0,0
0.00
0.07
0.0
0.00
0.00
0.15
0.00
0,00
0,00

0,0
0.0
0.0
0.15
0,55
0,0
0,0
0.04
2. un
0.0
0.0
0.46
0.00
0,0
0.0
0.14
1.10
0,0
0.24

I
I
I
I
T
T

ï
I
I
I
T
I
T
I
I
I
I
I
I
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Table 31

TAUX

SUP' LA PUISSANCE KFSïcUcl.LEi OUF AUX PRODUITS DF FISSION
***** L:5PAp 10/03/76 *****

:)L F'ÎSSin-i CHi.STA.'jT fi FTS./S.T

T

I
I
I

I
I

»
•-»

Y
X

I
I
X
T
X
T

T

T
•k

T
X

I
I
I
I
Y
X

I
X
T

î
I
T
X

I
I

Ttf'.PS
RI F.
( 3 )

i • o e:
?. i) t
s. ot
1.0E
2 . 0 E
1 , OE
l ' . o l
2 . 0 E
5 . 0 É .
t . Oc
2.or
^ . O Ê :

i • OE
2,CE
S . O t
î . c r
2 . 0 E

L O E
* . ? E
5.0E.
1.0E1
2.ce:
5 . 0 L
1 . 0 E.

D1

0 0
^0
0 0
01
01
0 1
c?
0 2
0?
0 3
03
0 3
0 4
0 4
O^
05
oc.
05
Oβ

0 6
0 6
07
07
07
Oβ

I P P ;

I
T

T
r

T

I
T

T

I
I
T
T

T

I
T

T

T

T

T

T

ï
T

T
T

I
I
T

iI

^DTATin; ;

P UIS 3 A : • r il

fi'fcv/3)

1 . 0 6 4 0 F;
1 .020PC

7 . Ô B 6 5 L
6.7650L
5 . 9 0 6 4 F
5 . 1 0 7 S L
^ . l ? 8 3 t .
3.s5?^r
2.93^3t
2.2047L
1,7*06c
1.40 35P.
i . a i 7 s r
e . 3 i v 7 r -
6 . 7 « 0 7 E -
5 . i e97E-
4.0Q55F.-
3.0^6811-
1.9001C-
l . i Q 7 7 L -
6 .5M6E-
2 ,484«?E-
X . l Ç S ù E -

0 1
ul
0 0
00

0*
0 0
0 0
0 0
j O
n A

" 0
0 0
f> o

•J((

oc
01!
0 1

u1
01
0 1
0 î
01
02
02
0?

I
I
T

!

T

T
I
T

T
T
T

T
T

T
T
T

T

T
T
T
T

T
î
T
T

T
T

T
I

776F 07

r>i.^. A U

(%)

0 .8S2
0 . 8 1 6
0 . 7 ^ 0
0 . 7 0 5
0,6-^7
0 . 5 7 6
0 . 5 2 9
o . S r i
0 . 3 1 6
0 . 5 6 0
0 • 6 1. 0
0 ,602
0 . 5 ? 9
0 .49 3
0 ,508
0 . 5 ? i
0 . 5 4 1
0 . 5 7 0
0 , 5 ^ 5
0 , 5 ^ 6
0 . 6 6 3
0.75 3
0 . 9 0 7
1 . 0 6 0
0 . 9 6 3

S

I
I
T
T

I
I
T

I
I
T

I
T

T

T
X
T
X

I
I
T

I
I
I
T

I
I
I
T
J.

I
I
T

EPREU»
DUE A
LA ?IP

(%)

0 .279
0 .242
C l 92
0 , 2 1 4
0 . 2 7 4
0.312
C347
0 . 39<5

C306
C 1 4 3
C.087
C 11 3
C172
0,280
0 .459

0 . 2 1 3
0 . 1 1 ?
n . ! 4 3
0 ,186
0 . 151
0 .107
0 .102
0 . 4 5 2
0 .799

I
T

. h1
T

îT
î
T

îT
i1
1
T

I
I
I
I
T

I
I
I
I
T
I
T

T
I

FK^E'IR
DUE AU)
fMtRGTEï

C%)

1.645
1.632
1.5^8
1.528
1 , 4 4 7
1.325
1.197
1.0 ?b
0 .850
0 .748
0 . 6 6 ?
0 . 6 5 9
0 .708
0.765
0.832
0 . 9 1 P
1 . 0 ^ 1
1,231
1 , 3 9 4
1 . 6 0 7
2 . 0 3 6
2,562
3.394
3.862
2.6.32

T

<i51
T
X

I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
T

î
I
T
X

I
I
I
I
I
I

EPREUP
TOTALE

1.873
î .840
1 .771
î . 696
1.608
1 . 478
t . 354
1.210
1.041
0 . 9 4 6
0 . 9 0 4
0 . 8 Q 9
0 ,900
0 . 9 5 ?
1 . 0 7 8
1.138
t . 1 9 2
1 ,361
t .518
1 ,7?4
2.147
2,673
3.514
4.030
2.914

I
I
I
T

T

I
T

i1
1
1
1
1
T

I
T

T
T

T
T

I
T

T
I
I
I
I
I
I
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Table 32

ANALYSE DF
U5WAP 10/03/76

TE°°S D1 IPRADTATin^
TF*'PS DF PLFpniniSS
PUISSANCE; PF.SIDUF.LLE:

DUF *UV P£WDE
DUF Auv PEP. in
OyF
TQTA.LF

S!|R LA PUT S-^A^CE
TAUX DF FISSTONi CONSTANT Cl

776E 07 S
QQPZ 00 ?

01 (MEV/S)

FIS./S.)

060F
85? '
?7o '

UCLEIDF SENSTBJLTTF Ht PUISSANCE
RESIDUELLE A

RFNO. ^Ff-TGDF FBGr

R SUR P>)
RÉSIDUELLE DUF A
R F N1 D P E ° . F B G M
C2) (*) CO

I £R

PR
KP
pa

KP
SR

Y

r> R
Y

5R
Y
Y

ZR

88
89
8°
9 0
QQF

P2
93
94
93

96
06
97
98F
99
.00
,00F

f B101
M8102
>'B103
II 32F

TE134

TE 135
II 36F
1137
1136

XU36
CS138F
XF139
CS139
XElûO
cs i^o

0.017
0. n i ?
0 .000
0.022
0 .001
0 .028
0 . 0 0 3
0.021
0 .015
0 .02?
0.021
o.on
o .o i ?
0.020
0.001
0 . 0 3 3
0 .005
n . 0 1 B
0 .009
0 . 0 1 3
0.000
C O I *
0 . 0 2 ?
0.001
0.020
0.0 0°
0 . 0 1 3
0,011
O.OOfl
0 .019
0 . 0 0 ?
0.01P
0 .006

o.on
0.011
0.02?
0 .001
o.ca?
0 .005
0 .027
0 . 0 1 P
0 .017

C . 0 0 0
c .ooi
o.ooo
O . O O û

•c.ooi
0.000
o .ooc
o .ooo

• C . 0 0 0
0 , 0 0 2
c.ooi
0 , 0 0 1
0 . 0 0 0

• 0 . 0 0 0
•O.OOO

• • ) . 0 0 1
• o . o o o

v . V V i

U . 0 0 0
0 . 0 0 3
" . C O O
0 . 0 0 2

o .ooo
0 .001
0 .002
0.000
û.002
C O 02

o .ooc
G . 0 0 0
0 . 0 0 0
C . 0 0 0

• 0 . 0 0 0
o.ooo
c . o o c
•cooo
0 .001
cooo

•0.000
0 . C 0 0

•0.000
0.000

0.0C9
0.004
0 . 0 1 3
0 . 0 1 3
0.0141
0.03 1
C n 1 7
0.006
COI*»
0.017
o . o i ?
0 ,003
0 ,015
0.010
0.016
0 .01?
o . o i ?
0 .006
0.021
0 .007
C O i n
0 . 0 0 °
0,006
0 .016
0 .005
0,010
0,011
0 .002
0 ,01?
0,004
0.020
o.on
o.o io
o.oc?
0.005
0 , 0 0 "
o . o i ©
0,010
o.on
O.OOP
0.020
0.0 09

0,20
0.19

•0 .0?
-0 .0?
•coe
0. Iβ

' 0 . 1 3
0.10
0 .15
0,2?
0.27
0.18

' 0 . 1 7
•0.10
•0.07
0.2C

•0.15
0 .21

' 0 . 1 3
•CO?
• c o i
•0.07
C 1 5

•O.OB
C. 19

' 0 . 1 4
0 . 1 3
0.08

•o.oo
0 . 0 5

•coe
0 . 2 6
0.09
0.15
0 . 2 ?

•0.1?
•0.06
' 0 . 0 1
' 0 . 0 7
0.12
0.11
0.17

0 , 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 . 00
o . o o
0 . 0 0
0.0 0
o.oc
0 , 0 0
0 . 0 0
o.oo
o . o c
0.00
0.00
0.01
0,0 0
0 .01
0,00
0.02
0,00
0,02
o . o o
C 0 2
0 . 0 3
0 . 0 0
0 . 0 3
0 . 0 5
0 , 0 0
0 , 0 0
o.oo
o.o i
0 . 0 0
o . o o
0 . 0 0
0 . 0 0
0 . 0 0
ft.00
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0

0.30 I
o . m T
0.0 3 T
0 , 0 3 I
0 . 0 ? T
0 . 0 3 I
0 . 0 5 T

c i e i
0.07 I
0.10 I
0.O3 I
0,11 I
0 .12 î
O.?5 I
C l ? T
0,40 T
0 .06 I
0 .22 I
0 , 7 3 I
0 .06 I
0 ,08 !
0 .08 I
0 .22 T
0 .46 I
0 .14 I
0 .18 I
0 .40 I
0 .08 I
0 .02 I
0 .11 T
0 .05 T
0 .39 I
0 .04 I
0 .26 I
0 .17 I
0 .04 I
C C 6 î
0 .05 I
0 .08 T
0 .15 I
0 .08 I
0 .20 I
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Table 32 cont'd

I
I
I
I
I
I
T

LA

CS

LA
^Α

R A

LA

140

142

14?

142

l^3
1 44

146

I
I
I

I
T

T

I

c.o
O.o

O.o

CO
o.o
0.0

°«°

00

14

1?

00

16

15

1?

-cooo
0.0^2

-COOO
-o.ooo
coco
coco
cooo

0.014

0,005

0,006

0.015

0,00°

0.005

0.006

I
I
I
T
I
I
I

-0.00

0.18

-0.14

-0.02

0.02

0.10

0.15

0.00

o.ci
o.oo
0.00
0.00

o.oo
0,02

0,03

0,11
0,05

0.03

0.31
0.18
0.19

I
I
I
I
I
I
I

Table 33

TAUX DF FISSION CONSTANT (1 F1S./S.J

7.776E 07 S

l.OOOE 01 S

ANALYSE OF L'FRPEl'R 3"H LA PUISSANCE RESIOUELLE

U5PAP 10/03/76

TE"PS D
,
 IRRADIATION

TE"PS DF REFRPIHISS!

PUISSANCE RESIDL'ELLF 8.690E 00 (MFV/S)

DUE AUX RE':D
rv
E'!TS 0.7Q5 %

CUE AfX "E^IOD^S 0,214 X
DUE A'jy FN'FRGIFS 1,528 X

TOTALE !.696 X

I
I
I
X

I
I

I
T

'•'UCLEIDF I

I

I
I

SE^STBILITF. HE PUI

RESIOUELLE A

RFND. PERIQDE

SSANCE

EBGM

I
I
I
I
I
I

ERREUR SUR
RESIDUCLLE
REND PER

(X)

I
I

PUISSANCEI
DUE A
, - EBGM

(X)

I
I
I

I BR 88

R3

SR

89
8 3
89
89

OF

91
Q2
93
92
93
9 a

95
95
96
96
97

0 . 0 1 7
0 . 0 1 1
0 . 0 1 ?
0 . n 0 0
0 . 0 26
0 . 0 0 1
0 . 0 3 1
0 . 0 Q 3
0 . 0 2 1
0 . 0 1 7
0 . 0 1 6
0 . 0 1 7
0 . 0 0 0
0 . 0 1 4
0 . 0 2 3
O.OQl
0 . 0 3 6
0 . 0 0 6
0 , 0 1 6
0 . 0 1 1
0 . 0 1 0
0 . 0 0 0

0.003
0.002
0.001
0,000

o . o o i
o . o o i
0 . 0 0 3
0 . 0 0 0
0 . 0 0 3
0 . 0 0 2
0 . 0 0 8
0 . 0 0 6
0 . 0 0 0
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 0 5
0 . 0 0 0
0 . 0 0 3
0 . 0 0 1
0 . 0 0 0
3 . 0 0 1

0.0C7
0.001
0.009
0,016
0.016
0.017
0.011
0 . 0 2 1
0 . 0 0 3
0,021
0,005
0.005
0,010
0,018
0 .012
0.020
0.018
0 . 0 1 5
0 , 0 0 ?
0 .025
0 . 0 0 *
0.011

0.20

0.14

-0.16

-0,02

0.07

-0.08

0.23

-0.1"

0.09

0.17

0.11

0.17

-0.01

-0.12

0.09

-0.07

0.22

-0.16

0.14

-0,07

0.02

-0.00

0,00

0,00

0.00

0,00

0,00

0,00

0.00

0.01

0,03

0,02

0.01

0.00

0,00

o.oo
0.00

0,00

0,05

0.00

0.02

0,02

0.00

0.02

0.24 I

0.04 I

0.02 I

0,04 I

0.04 I

0.02 I

0,03 I

0.06 I

0.10 I

0.09 I

0.03 I

0.01 I

0,06 I

0,14 I

0.28 I

0.15 I

0.39 I

0.08 I

0.05 I

0,86 I

0,00 I

0,08 I
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Table 33 cont'd

1
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
T
i

I
I
I
I
I
I
I
I
T

I

2W l o 1
:;ni*l
r c i o 2 r

• ' 0103
T152K

3"133
TE134

U34F
TEl.^5

1135
I136F-
1137

XE137
XE139
C3138T
x^13?
C S 1 3 9
X t l ^ i O
C S1 a o
c s i ^ i
L A 1 a 0
C S 1 4 2
l i A i a i
BA1U2
L A l « 2
3 A J U 3
O A i ^ i a

L A i a a
L A i a e

I
T

I
T
T

T
I
T

T
T
T

I
T

T

T

I
T

I
T

I
T

I
I
I
T

I
T
T

I
T

^> .014

0 . 0 0 1
0 . * 0 0

• • • - • ' * • • * • •

O . O l t
0 . 0 2 3
0 . 0 0 3
0 . 0 1 8
o , 0 0 n

0 . 0 j 7
•^ .012
0 . o o 7
• ' . 0 2 7
0 , 0 0 1
0 . 0 2 ^
0 . 0 0 6
0 . 0 2 "
o . o ? 1
0 , ') i 8
n 0 0 o

^ . 0 0 6
O . 0 1 5
0 , 0 0 1
0 . 0 1 6
0 . 0 1 6
0 . 0 0 5
o . o i ?

C , . • o o i

^ ! o ^ 2
- c . o o o

J . 0 0 0

0 . 0 ^ 1
J , C O O
0 . 0 0 0

o . o o i
o . o o i
) , 0 0 4
• 1 . 0 0 0

o .ooo
J . 0 0 2
0 . 0 ^ 1

- o . o o o
o . o o i
0 . 0 * 2

- c . o o o
0 . 0 0 3

o . o o i
0 . 0 0 ^

- o . o o o
o . o o i

- 0 . 0 0 0
- 0 . 0 0 0
- o . o o o

0 . 0 0 4
0 . 0 0 2

o . o o i
0 . 0 0 2

A . O O 3

o . o c o
0 . 0 1 1
o . o i ?
0 . 0 1 0
0 . 0 1 a

. 0 . 0 0 6
0 . 0 0 5
o,02S
0 . 0 0 °
0 , 0 1 ?
0 . 0 1 3
0 . 0 0 7
o . o i ?
o . O l 1
0 . 0 2 3

o.on.
o . o i a
0 , 0 0 6
0 . 0 2 3
0 , 0 0 °
o . o i ^
0 , 0 0 0

o . o i t
0 . 0 0 *
0 . 0 1 9
0 , 007
0 . 0 0 ^
0 , 0 1 1
0 . 0 0 «

I
I
I
I
T

I
I
T

I
I
I
I
!
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I

0 . 1 2
0 . 0 9

- 0 . 0 3
- 0 . 0 0

o . o t
- G . 0 1

0 . 2 1
0 . 1 1

- 0 , 0 ^
0 . 2 5

- 0 . 1 6
0 . 1 1
0 . 1 5

• 0 . 1 0
- 0 . 0 5
- 0 . 0 6

0 . 0 6
- 0 . 0 7

0 .12
0 . 1 3
0 , 18

- o . c o
0 .07

- 0 . 1 3
0 . 0 4

- 0 . 0 ?
0 . 0 7
0 . 1 1

- 0 . 0 *
0 . 1 3

0 . 0 5
0 , 0 4
O . O Q

0 . 0 0
0 .01
0 , 0 0
0 . 0 1
0 . 0 0
0 . 0 0
0 , 0 4
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

o ,oo
0 , 0 0
0 . 0 3
0 . 0 1
0 , 0 0
0 . 0 0
0 . 0 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 4
0 . 0 3
0 . 0 0
0 . 1 4

0 . 1 1
0 . 0 1
0 . 0 4
0 . 3 1
0 ,37
0 , 0 2
0 .11
0 , 1 3
0 , 0 6
0 . 3 3
0 . 0 3
0 . 0 5
0 . 2 c

0 . 0 *
0 .04
0 .07
0 . 0 5
0 .10
0 .12
0 . 1 0
0 , 1 *
0 , 0 3
0 . 0 0
0 . 0 6
0 , 0 6
0 , 0 "
0.23
0 . 1 4
0 , 2 6
0 , 1 5

T

I
I
T
I
I
I
I
I
I
T

T
I
T

!

I
I
T
I
I
I
I
I
T

I
I
I
I
I
T
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A Ni
! •

TE
TE
PU
E»

ALYSt DE
5^AP 10/C

L ' F P © EU?• SN
)3/76 T

M
PS D

1
 IRRADIATION

»'PS DF PEIFPninissEMF
I S S A N C E RESIDUELLE

REijP DUE

ERREUR DUF
EPREU

P
 DUE

1°

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

AUX P L ^ D F M F

AUX PE
P
IHDE

AUX ENiERGIF

REUM TOTALE

NUCLEIDF

BP 88
BR 89
KR 88
RB 88
KO 89

RB 89
KR 9Q
PB 9QF
KR 01
38 01
Pβ 92
SR 9\
RB 93
SR 02
Y Q2

SR 93
Y 93F

SR 9a
Y 9a

SR 95
Y 95

SR 96
Y 96
Y 97

NB 97F
ZR101
MO101
Nβ 102
TC102F

M O i o a
SB131
SB132M
SB132F
TE132
I132F

SB133
TE133H
TE133F
11 33F

TE134
I134F

TE135

I
I
I SENSI3ILI
ï RESIO
I PEND.
I

I 0.017
I 0.01?
I 0.01*
I 0.000
! 0.033
I 0.00?
I 0.027
I 0.003
T 0.016
î 0 . 0 1 S
I A.*17
I 0.002
I 0.016
I 0.008
T D.000
T 0.01e»
I 0.000
I 0.026
T 0.002
I 0.031
T 0.008
I 0.015
I 0.01C
I 0.015
î 0.000
I 0.013
I o.ooi
I 0.010
I 0.000
I 0.011
I 0.011
î 0.012
I 0.010
I 0.010
I 0.000
I n.Oia
I O.Olii
I 0.010
I o.OOO
: O.Q3"
I 0.0Q4
I 0.013

Table 34

P LA PU ISSAMCE RESIDUELLE
AUX DE FI<!SIGKi Cf

7.776E
• ;T 1.000E

5,906F.
:4T5 0.529
S 0.34,7
S t.197

1.354

07 S
02 S

;TA^T CI

00 CMEV/S1
%
X
%
%

TE DE PUISSANCE
UELLE A
PERTODE

0.001
0.000

-0.C01
0.000
0.007

-0.001
0.0 09
0.007
0.001
0.012
0.000
0.001
0.000

- 0 . 0 0 0
0.000
0.004
0.000
0.007
0.000
0.008
0.001
0.000
0.012
0.000
0.000
0.000
0.001
0.000
0.000
0.002
0.001
0.002
0.003

c.ooo
0.000
0.0C3
3.000
0.000

"0,000
0.001
0.001
0.002

FBGM

0,000

o.ooo
0.013
0.023
0,016
0.024
0.00?
0.023
0.000

o.on
o.ooo
o.on
0.000

o.om
0,015
0.023
0.013
0,007
0.029
0,003
0.021
0.000
0.023
0,000
0,011
0.000
0.015
0.000
0,016
0,002
0 . C 1 0
0,005
0,006
0,003
0,021
0.005
0,008
0.011
0,010
0.007
0.0 36
0,000

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
T
ï
I
I
ï
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
!
I
I
Ii
I
T

ERREUR

FIS. /S.)

I
I

SUR PUISSANCEl
RFSTDUELLF
RFND
C*)

0.05
0.13
0.06

-0.02
0.12

-0.09
0.14

-0.1?
0.05
0,13
0.06

-0.09
0.07
0.0?

-0.01
0.03

-0.01
0.10

-0.07
0.10

-0.09
0.09
0.03
0.03

-0.0?
0.03
0.00
0.03

-0.00
0.03

-0.02
0.1R
0.09

-0.17

•o.ot
0.22
0.12

-0.17
-0.04
0.19

•0.13
O.O7

PER.
(X)

0,00
0,00
0,00
0.00
0.00
0.00
0,00
0.12
0.01
0.12
0,00
0.01
0,00
0.00
0,00
o.oi
0,00
0.00
0.00
0.09
0,00
0,00
0,19
0.00
0.00
0,00
0.00
0.00
0.00
0.02
0,00
0.03
0,05
0,00
0.00
»,05
0.00
0.00
0.00

o.oo
0,00
0.02

DUE A
ERGM
CO

0.01
0.00
0.0?
0.06
0,04
0.04
0.01
0.06
0.00
0.04
0.00
0,05
0,00
0,03
0,09
0,18
0.08
0.17
0.21
0.06
0.10
0,00
0,79
0.00
0,04
0,00
0,05
0.00
0.42
0,06
0,21
0.12
0.14
0.01
0,03
0,10
0.03
OiOe
0.05
0,19
0.10
0,01

I
I
I

I
I
I
I
I
I
I
T
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 34 cont'd

I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I

u
I t

XE1
XEi
CSX
XEi
csx
XEI
csx
CSX
LAI

csx
[}*\

LAI
• 3 A 1
l , A l
OAl
t, A 1
PRi

35
38
37
36
33F
39
3 9

ao
«1

42
4 1

U2
43
us
MU

a 6

I
I
I
Î

f
I
I
T

I
I
T
T
I
T

I
I
I
T
T
Î

n . 0 1 2
0 . 0 1 !

0.03°
0 , 0 0 ?
0 . 0 2 4
n r> o p
0 . 0 2 3
0 . 0 2 1
0 . 0 1 ?
A . 0 0 0
0 . 0 1 6
0/008
0,021
0.001
0 , 0 1 5
0 . 0 0 2
0 . 0 1 1
0 , ^ 11
0 . 0 0 0

0 . 0 0 1
0 . 0 0 0
0 . 0 0 4
0 . 0 0 1
o.ooi
0 . 0 0 6
0 . 0 0 2
0 . 0 0 3
0 . 0 1 2
0 . C 0 3

- 0 . O O Q
0 . 0 0 0
0 . 0 0 0
û.OOX

- 0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0

Table

0 , 0 1 7
0 , 0 0 0
0 . 0 X 4
0 . 0 1 5
0 . 0 3 4
0 . 0 0 3
0 . 0 1 9
0 . 0 0 0
0 . 0 X 3
0 , 0 0 !
0 . 0 2 6
0 . 0 0 0
0 . 0 X 5
0 , 0 1 0
0 ,02a
0 . 0 0 0
0 . 0 1 ?
0 , 0 0 c
0 , 0 0 0
0 , 0 X 2

I
T
T

T

T
I
I
I
I
I
I
I
I
I
I
I
Ï
I
I
I

- 0 . 0 4
0.08

-0 .05
0 . 1 6

- 0 . 0 8
0 . 0 4

- 0 , 0 5
0 . 0 6
0 .12
0 . 0 9

- 0 . 0 0
0 .08

- 0 , 0 6
0 . 0 8

- 0 . 0 3
0 ,02

- 0 . 0 Î
0.05
0.03

- O . O C

0 , 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
o . O l
0.01
0.03
0 .12
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0

o . o x
0 .00
0 . 0 2
0 . 0 5
0 , 0 0

0 . 0 4
0 .00
0 . 0 9
0 . 0 6
0 .11
0 . 0 2
0 . 1 3
0 .00
0 . 0 5
0 . 0 ?
0 . 0 5
0 ,00
0 . 0 8
0 . 0 8
0 . 0 6
0 .00
0 . 0 9
0 .00
0 .00
0 . 0 5

î
I
I
3
1
T
I
î
I
I
I
I
I
I
I
I
I
I
I
I

ANALYSE; DF L'Frcst
U5PAP 1 0 / 0 3 / 7 6

TFMPS 0
TE:-iPS 0!
PUISSANCE RESIDUELLE
ERREUR DUE AUX »t>!3F
LPRELJR DUF AUX PL^In

DU? AUX f'iFRG
TOTALE

SUR LA PUISSANCE RESIDUELLE.
TAUX DF CONSTANT Cl FIS./S.3

7.77*E 07 S
;FNT l.OOOfc 03 S

3.553E 00 CMEV/S3
IF!-ITS O.SbO X
>FS 0,143 %
ES 0 . 7a8 X

0,946 %

I
T

I NUCLETDE
I
I
I

I
I
T
T
I
î

SE>'SIB3

Rt'MO.

: L T T F DE PU
USUELLE

PERIODE

I
A

SSANCE

FBGM

I
I
T
I
I
I

ERRF.UR Sm
RESIDUELLE
REND PER
( X ) C%3

I
I

P U I S S A N C E !
DUE A

. EBGM
it)

I
I
I

I £P. 88
I KR 87
I KR 88
î RB 88
I KR 89
ï RB 89
I KR 9X
I RB 91
I RB 92
I SR 91
I &B 93
I SR 92

0.026
0.003
0.028
0.000
0.023
0.002
0.016

015
028
003
013
012

0.
0.
0.
0,
c.
0.
0.
0.
•J a

0.
c.
0.

OOQ
002
001
00 x
009
012
00c
000
000
001
000
002

0,000 !
o.ox? 1
0.020 I
0.037 I
0 .001 I
0 . 0 2 3 I
0 .000 I
0 .000 1
0.0 I
0.0X8 î
0 .0 I
0 .022 I

0 .05
0 .02
0.X2

- 0 . 0 3
0 .05

- 0 . 0 k
0 .02
0 .08
0 .09
0 . 0 3
0 .06
0 .04

0 ,00
0 ,00
0 .00
0 ,00
0.01
o .ox
0 , 0 0
0 ,00
0 ,00
o . o x
0 ,00
0 ,00

0 , 0 0 I
0.05 I
0 .04 I
0 , 0 9 I
0 .00 I
0 , 0 3 I
0 ,00 I
0 ,00 1
0 .0 I
0.07 I
0.0 I
0.05 I
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Table 35 confd

1
I
I
I
I
I
I
I
I
I
I
T
J.

I
I
I
I
I
T

I
I
T
X

I
I
T
T

I
T
X

T

I
I
T

I
T

I
T
I

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I

Y P?
SP? <?3

v 93F
S p 94

Y 94
SR 95

Y 05

SP 07
Y 07

ZP 07
NB 97T
Z"101
MOlOl

V Q 1 0 2
T C 1 0 2 F
SB131
S8132M
SB132F
T E l 3 ?

I 1 3 2 P
SB133
T F 1 3 3 ^
TF133P

Il33f-
TF134

I 1 3 4 F
TF: 135

1135
1136

XF 1 36
CSUBf7

XE139
C3139
BAl 39
X F i a c

cs i ao
C S l ^ l
L A l ^ O
C S 1 4 2
B A l ^ i
L A l ^ i
BAl 4 2
L A 1 4 2

S A J 4 3
C E 1 4 3
BA1-Q4
C E 1 4 4

P?\auF
1*146
PP 146

T
I
I
T

I
I
T

T
T
I
I
I
I
I
I
I
T
I
I
T

I
T

I
T
I
I
T
I
T
I
7

I
T

T
T
I
I
I
I
I
I
I
T
I
I
I
I
I
T

I
I
7

0 . 0 0 0
r' . 01 6
0 . 0 0 0
0 . 0 2 0
r > . o e ?
0 . 0 3 0

f ' .OO9
0 . 0 C ^
C . r ' 0 0
<"•. 0 1 1
0 . 0 2 4
r'. OOP

^ . 0 0 0
0 . 0 1 3
0 . 0 0 1
fl, n 0 ?
0 . 0
0 . 0 1 4
f . n 11

C . 0 1 0
ft. ftp
^ . 0 0 0
0 . 0 1 0
0 . 0 2 1
0.011
0 ,?01
0 . 0 S 3
0 . 0 0 ^
0 .02H
^ . 0 2 0
- . 0 1 3
^ . 0 4 P
% 0 C 2
0 . 0 1 P
0 . 0 0 7
O.^C/0
0 , 0 2 4
0 . 0 2 ^
O . O l o
0 . 0 0 0
0 . 0 2 2
0 . 0 1 0
0 . ^ 0 0
0.02P
ft . 0 0 1
o . o i e
0 . 0 0 0
0 . 0 1 2
0 . 0 0 0
0 . 0 0 0
0 . 0 1 4
0 . 0 0 0

0.001
0 .01a
0.001
0 . 0 0 2
0 . 0 1 5
0 . 0 0 1
0 . 0 1 3
0 . C n 2
0 . 0 0 0
0 . 0 ft 0
0 . 0 0 0

- 0 . 0 0 0
0 . 0 ft 0
0 . 0 0 0
0 . 0 1 1
0.01.1
0 . 0 0 0
0 . 0 0 6
0 . 0 0 2
0 . 0 0 1
0 . 0 0 1
0 . 0 0 0
0 . 0 0 2
0 . 0 0 3
0 . 0 06

- c . o o o
0 . 0 0 6
C O OR
0 . 0 0 0
0 . 0 0 2
0 . 0 0 0
0 .015
0.008
0.001
0 .012
0 . 0 0 1
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0

- 0 . 0 0 0
0 . 0 0 0
0 . 0 0 9
0 . 0 0 0
0 . 0 0 8
C . 0 0 2
0 . 0 0 0

- 0 . 0 0 0
- 0 . 0 0 0
- 0 . 0 1 2

0.000
0.000
0 . 0 0 3

0 .02?
0 .008
0.021
0.00ft
0 .027
0 . 0 0 0
0 . 0 1 ?
0 . 0 1 5
0 . 0 1 3
0 . 0
0 . 0
0 . 0 1 4
o .o i*
0 . 0
0 .01?
0.001
0 . 0 1 0
0 . 0 1 0
0 ,001
0 , 0 0 0
0 . 0 0 4
0 . 0 3^
0 . 0 0 0
0 . 0 1 ?
o.OOQ
0,017
0 , 0 0 ^
0 .057
0 , 0 0 0
0 . 0 2 «
0 . 0
0 .01?
0 ,049
0.000
0.009
0 .015
0.000
0,000
0.000
0 . 0 4 3
0 . 0
0.014
0 ,016
0 .006
0,044
0.000
o . o i t
0.000
0.001
0,016
0,000
0,017

I
I
T
I
T
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
1
T

I
I
T
I
I
I
T

T

I
I
I
1
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I

- 0 . 0 1
0 . 0 ?

- 0 . 0 1
0.0s

- 0 . 0 3
0 .06

- 0 . 0 3
- 0 . 0 1
- 0 . 0 0

0 . 0 3
0.06
0 . 0 "

- 0 . 0 3
0 .03
0.00
0.01
0 . 0
0 . 0 9
0 . 0 9

- 0 . 0 3
- 0 . 0 5
- 0 . 0 1
• 0 . 1 3

0.34
• 0 . 2 0
• 0 . 0 5

0 .35

- 0 . 2 ?
0 .07
0 .05
0.11
0 . 2 3

- 0 . 0 9
- 0 . 0 ?
- 0 . 0 3
- 0 , 0 1

0 . 0 ?
0.07
0 ,07

- 0 . 0 0
0 .11
0.01

- 0 . 0 1
0,10

• 0 . 0 3
0 .02

- 0 . 0 0
0 .02
0.00

- 0 . 0 0
0 . 0 3

- 0 . 0 0

0.00
0 . 0 3
0 ,01
0 . 0 0
0 .01
0 .01
0 , 0 4
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 ,02
0.00
0.01
0,04
0 .01
0.00
0.0 0
0 , 0 3
0.00
0 .01
0.00
0 .01
0.01
0.00
0.00
0.00
0 .01
0.00
0.00
O.ft4
^ . 0 0
0,00
0.00
0.00
0,00
0.00
0.00
0 .00
O.M
0 . 0 0
0 . 0 0
0 , 0 0
0 .00
0.00
0.00
0 .01
0.01

0 . 1 4
0 .07
0 .14
0,00
0.20
0.00
0 ,06
0 . 0 ?
0 .01
0 . 0
0 . 0
O . O B
0 .07
0 . 0
0 . 0 4
0 .07
0,27
0 . 2 ?
0,01
0.00
0 ,02
0 .06
0 .00
0 .05
0 .06
0 .06
0 , 2 4
0 .15
0.00
0 .06
0 . 0
0 . 0 ^
0 .16
0 . 0 0
0 , 0 7
O . M
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 *
0 .0
0 , 0 7
0,1?
0 .05
0 .09
0 .00
0 ,05
0.00
0,01
0 . 1 !
0 ,00
0 .0«

T

!

I
T
7

I
I
I
I
7
7

I
I
I
7

T

I
T
T

I
T
7

I
1
I
I
I
T

I
T
7

I
T

T
7

I
I
1
I
I
I
I
I
T
I
I
I
I
I
I
I
T
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Table 36

AM ALYSE DF L'FR
U5PAP 10/03/76

TE
TE
PU
EP
ER

Pb'L'R SUR LA PUISSANCE RESIDUfLlE
TA'-'X DE FjssiON CON!

MPS D'IRRADIATION
MPS DE Pf
ISSANCt F
REUR DUE
REUP *UE

ERREUP DUE
ER

I
I
I
I
T

I

I
I
T

I
I
I
X

I
I
I
I
I
I
I
T
X

I
I
I
I
I
T

I
T

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
T

REUP TOT/

NUCLEIDE

BR 89
KO 88
PR 88
KR 89
SP 89
KR 91
KP 92
PB 91
PB Q2
SR 91
Y 9 1M
Y 91P

RB 93
SP 92
Y 92

SR 0 3
Y 9 3F

SP PS
Y 95

ZR 95
US 95F
SP 97
Y 97

IP. 97
NP 97M
VJB 97F
ZR 99
MQ Q9
3B132M
SB132F
TE132
I132F

SB133
TE133H
TE133F
I133F

TE134
I134F

TE135
1135

XE135F
CS138F

ZFWHDISSEMF
?ESIDUELLE
A U X
AUX
/UX
iL£

I
I
I SE
I

PE^OEMF

7.776E 07 S
NT l.COOE 04 S

STA'vT (I

1.761E 00 (MEV/S)
S|TS 0,529 X

PEPIODES 0,17? *
F\iERGIE

N3I3ILT
PF,SID

I REND,
I

I
I
I
T
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T

I
T
I
I
I
I
I
I

0.^29
0.031
0.000
0.010
0.000
0.02*
0.013
0.027
O.o 30
0 .006
0,000
0.000
0.016
0.017
0 .000
0 .019
0.000
0.042
0.01?
0.001
0,000
0,020
0.045
0.017
0.O0O
0.000
0.015
0.000
O.020
0.020
0,0 34
o.oco
0.011
0.019
0.01a
0.001
O.030
0.00?
0.0 33
0.03?
0.000
0.000

S 0.70* X
0.9Q0 X

TF DE PUISSANCE
UELLE A
PFRIOOE EBGM

0.000 0.0
0.0 38 0,021
C.005 0.041
0.000 0.00O
0,000 0,014
0,000 0.0
0.000 0.0
o.oco 0,0
0.000 0.0
0.010 0,0 31
0.001 0,011
0.001 0.01*
J.000 0,0
0.023 0.023
0.008 0.044
O.000 0.000
0.008 0.035
0.000 0,0
0.000 0.000
0.004 0.02°
0.001 0,027
0.000 0.0
0.000 0.0
0.007 0,026
0.000 0.018
0.001 0.034
0.000 0,0
0.001 0,017
0.000 0,000
0.000 0.000
0,002 0.00*
0.001 0,070
0,000 0,000
0.009 0,003
0,000 0,000
0.002 0,033
0.027 0.001
0,0 34 0,029
0,000 0.0
0.017 0.043
0.001 0.017
0.018 0.00^

I
I
I
I
I
I

I
I
I
I
I
T

I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

PIS, /S.)

I
I

SUR PUISSANCEI
RESIDUELLF.
REND

cx)
0.05
0.14

-0.00
-0.04
-0.00
0.03
0.02
0.14
0.13
0.06

-0.00
-0.00
0.07
0.06

-0.02
0,0?

-0.00
0.09
0.03
0.00

-0.00
0.05
0.1?
0.08

-0.00
-0.03
0.03
0.00
0.06
0.06
0.07

-0,02
-0.1?
0.25

-0.16
-0.03
0.26

-0.13
0.12
0.08

-0.01
-0.01

PER.
(X)

0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.11
0.00
0,00
0.00
0.01
0.00
0.00
0.08
0.00
0.00
0.00
0,00
0.00
0.00
0.01
0.00
0.00
0.00
0.00
0,00
0,00
0.00
0.01
0,00
0,01
0,00
0.00
0.05
0.07
0.00
0.03
0,00
0,01

DUE A
EBGM
CX)

0.0
0.0a
0.10
0.00
0.11
0.0
0.0
0.0
0.0
0.12
0.16
0.14
0,0
0.05
0.25
0.00
0.23
0,0
0.00
0.05
0.02
0.0
0.0
0.15
0.00
0.13
0.0
0.10
0,00
0,00
0.04
0.11
0.00
0.01
0.00
0.14
0,04
0.08
0.0
0.10
0,10
0.02

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 36 conVd

I
I
i .

I
I
I
T
X
T
1
T
X

I

I
T
J.

I
I
I

M l 39
XEl^O
C S l < i O

CSl^i 1
5 A i a o
L M a c
r s i ZJ ?
L A 1 a i
F • A i ij p

L A i a 2
B A 1 u 3
C F l 4 3
f j A 1 4 4
C E 1 4 4
P P 1 4 4 F
P P 1 Zi 5

I
I
I
I
T

T
T
T
T

I
I
I
I
I
I
I

o . o o o
0 , 0 4 0
0 . 0 4 9
o . o i *
0 . 0 DP

con
0 . 0 0 0
0 . 0 1 7
0 . 0 0 1
0 . 0 2 ?
f ' . O O O

Cr'2 3
0 . 0 0 !
o . o o o
0 . 0 0 n

0 . 0 1 1
0 . 0 0 0
o . o o o
0 . 0 0 Q

- 0 . 0 0 2
- 0 . 0 0 0

0 . 0 0 0
0 . 0 0 9
0 . C O 4

0.0 32
o . o o o
c . o o i

- 0 . 0 0 0
- 0 . 0 ? 4

0 . 0 0 0
0 . C 0 ̂

O.OOB
C O
C O
0 . 0
0 . 0 1 F
0 .087
0 , 0
0,021
0.000
0 .029
CO
0.021
0 . 0
0 . 0 0 ?
0 , 0 3 ?
0.010

I
I
I
I
T

I
I
I
I
I
T
I
I
I
I
I

-coo
0 . 0 4
CIS
0 . 0 5
0 . 0 5

- 0 . 0 1
0 .07

- 0 . 0 0
0 .06

-0 .01 .
0 .0 3

- 0 . 0 0
0 .05
0 .00

- 0 , 0 0
- 0 . 0 0

0 . 0 0

coo
o.oc
0 . 0 0
0 . 0 0
o.oo
0 . ^ 0
o.oi
0 . 0 0
0 . 0 2
0 . 0 0
r>, n o
o.oo
0 .01
o.oo
0 .01

0 .06
0 , 0
0 . 0
0 . 0
0 . 1 0
0.17
0 . 0
0 ,16
0 . 0 0
0 . 0 6
0, 0
0 .10
0 . 0
0.0 3
0 . 2 ?
COP

I
I
I
I
T

I
T

I
I
I
I
I
T

I
T
I

Table 37

P 1 0 / 0 3 / 7 6
D , I » E A D l £
:>F C'EFPHi

A . r r R F s i c
o DuF A "J*
P f ,:JF AUX

r u t AiJY
TUT ALE

DF FISSION CONSTANT (1
07 5
0 5 S
•01 CMEV/S)

I
I

I
I

I MJCLEIC-F I SEMSTBILTTF OF PUISSANCE

RF'i,

I I
I FRPF.UP SUR PUISSANCE!
T RESTDUELL.F DUE A T
T PFND PFP. FBG', T.
i t%) m (%) i

I SR 89
I KB Ql
I 99 Q 1

I Y 91F
I Y 93F-
I PR 95
I S& 95
I Y 95
I ZP 95
I N B 9 5 F
I SP 97

0.0 22
o . o o c
C 0 2 c

0.024
O.o 05
0.000
o . n o o
0 . 0 1 ?
0 . 0 8 8
O.*2S
0.CQ1
0 . 0 0 0

0 . 0 0 0
0 .0O1
0 . 0 0 0
u . o o o
0 . 0 3 0
C O O ?
0 . 0 ? 6
Q.OOO
O.OOC
0 . 0 0 0
0 . 0 1 0
0 . 0 0 1
0.000

0 , 0 I
O.0 3O I
0 , 0 T
0 . 0 I
0 , 0 1 0 I

0.07
0.00
0 .03
0.1?
0.05

. 0 3 8 I - 0 . 0 0
0 . 0 1 ? I
0 . 0
0 . 0
C O

0 . 0 0
I - 0 . 1 4
I 0 . 1 9
I 0 . 0 5

0 . 0 00 , 0 6 1 I
0 . 0 5 7 I - 0 . 0 0
0 . 0 I o.C-4

0.00
0.00
0.00
o.oo
0.32
0.0 0
0,26
0,00
COO
O.OO
COO
0,00
0,00

C O I
0 . 2 3 I
C C T
0.0 I
0 .04 T
0.3O I
0 .08
0,0
0.0
CO
0,10 I
0 .04 T
0.0 I
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Table 37 cont'd

I
I
I
i

I
I
I
I
I
I
T

I
I
I
I
I
I
X

I
I
I
T
j .

I
I
I
I
I
I
I
I
T
X

I
I
I
I
I

Y 97
19 97
NR 97*'
N 9 9 7 F
Z p 99
'ifl Oq
f- B103
RU103
3 ^ 1 3 1

1 1 3 1
S^ 132
SB132M
SB132F
TF132

I132F
5 * 1 3 3
TF134*'
TE133F

I 1 3 3 F
XF.133F
7E135

1 1 3 5
XF135F
XE140
C S 1 a 0
B A 1 6 0
L A 1 a 0
C F 1 M
H A 1 « 3
CF1413
P R 1 4 3
3 A 1 ii a
L A i-aa
C F i a a
P9 14 4F

I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
T
I
T

I
I
I
I
J
I
T
I
T
I
I
I
I
I
I
T
I
I

0 . 0 34
0 . 0 1 3
0 , 0 0 0
0 , 0 0 0
0 , 0 2 'J
n , c o o
A . 0 1 ti

0 . 0 0 C
0 . 0 1 1
0 # 0 0 0

010 ia
0 . 0 3'J
0 . 0 3 a
0 . 0 5 B

c . 0 1 ?
O.ftlfe
0 . 0 1 s
0 . 0 0 ?
0 . 0 0 0
0 . 0 1 !
0 . 0 1 0
0 . 0 0 0
0 . 1 0 2
0 . 1 0 ?
0 . 0 1 7
0 . 0 0 0
r ' . 0 0 0
0 . 0 33
n . 0 Q 0
O.n'QO

0 . C 2 1 .
0 . 0 0 5
0 , 0 0 0

o.ooo-

0 . 0 0 0
o.oea
c . 0 0 0
C . 0 0 2
0 . 0 0 0
0 . 0 1 1
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
o .oco
0 . 0 0 0
0 . 0 36
0 • 0 0 a
0 . 0 ^ 0
0 . 0 0 1
0 . 0 0 0
0 . 0 ? 7
0 . 0 0 1
0 . 0 0 0
0 . 0 3 1
0 . 0 1 2
0 . 0 0 c
0 . 0 0 0

- 0 . 0 0 0
0 . 0 0 2
0 . 0 0 1
0 . 0 0 0
0 . 0 1 6

- 0 . 0 0 0
- 0 . 0 0 0

0 . 0 0 0
- 0 . 0 5 1

c . 0 0 0
0 , 0 0 0

0 , 0
0 . 0 1 9
0 , 0 1 3
0 .02 s ?
0 . 0
0 , 0 2 8
0 . 0
0 . 0 2 0
0 . 0 0 0
0 , 0 1 9
0 , 0
0 . 0
0 . 0
0,01a
0.11°
0 . 0
0 . 0 0 0
0 . 0 0 0
0.02°
0.013
0 , 0
0 , 0 0 6
0 . 0 1 0
0 . 0
0 , 0
0 , 0 3 0
0 , 1 8 1
0.01s
0 . 0
0 , 0 2 5
0 , 0 2 0
0 . 0
0 . 0
0 . 0 0 5
0 , 0 6 7
0 , 0 1 0

1
I
T

I
I
I
I
I
I
T
T

I
I
I
T
T
I
T

I

I
I
I
T
I
I
I
I
I
I
I
!
I
I
I
I
I

0 . 0 9
0 . 0 6

- 0 . 0 0
- 0 . 0 0

0 . 0 5
0 , 0 0
0 . 0 a
0 . 0 0

- 0 . 1 1
- 0 . 0 0

0 . 0 8
0 . 1 1
o.i-o
0 . 1 ?

- 0 . 0 0
- 0 . 0 !

0 . 0 6
- 0 . 0 3
- 0 . 0 1
- 0 . 0 0

0 . 0 a
0 . 0 3

- 0 . 0 0

o.oe
0 . 3 2
0 . 1 0

- 0 . 0 ?
- 0 . 0 0

0 . 0 5

coo- 0 . 0 0
0 , 1 0

0 . 0 1
- 0 . 0 0

0 . 0 0

0 , 0 0
0 , 0 7
0 , 0 0
O . n o
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 , 0 3
0 , 0 3
o . c o
0 . 0 0
0 . 0 0
0 , 0 1
0 , 0 0
0 . 0 0
0 , 0 5
0 , 0 0
0 , 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0.0Q
0 , 0 2
0 , 0 0
0 . 0 0
0 . 0 0
0 , 0 2
0 , 0 0
0 . 0 0

0 . 0
0 . 1 1
0 . 0 0
0 . 0 9
0 . 0
0 . 1 6
0 . 0
0 . 0 3
0 , 0 0
0 . 0 7
0 . 0
0 . 0
0 . 0
0 . 0 7
0 , 1 9
0 . 0
0 . 0 0
0 . 0 0
0 . 1 3
0 . 0 9

o.c
0,01
0.06
0 . 0
0 . 0
0.20
0.35
0.31
0 . 0
0.12
0,19
0 , 0
0*0
0 , 0 6
0 , 4 7
0 , 0 6

T
I
I
T

I
I
I
I
I
!
I
I
I
I
I
I
I
T

I
I
I
I
I
I
T
I
I
I
T

I
I
I
I
I
I
I
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Table 38

ANALYSE DE L'F.RREUR SUR LA PUISSANCE RESIDUELLE
»5RAP 10/03/76 TAUX DE FISSIQN CONSTANT (1

TE
TE

>'>?$ D ' I R R A D I A T I O N
MP$ DE REFROIDISSEMF

PUISSANCE F
E*REUR DUE
ERREUR DUE
ERREUR DUE
Ê

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
ï
I
I
I
I
Iï
I
I
I
I
I
I
I
I
I
I
T
i.

I
I

RESIDUELLE
AUX
AUX
AUX

REUR TOTALE

NUCLEIDE

BR 89
KR 89
SR 89
KR PI
RB 91
Y <?1F

Rβ 95
SR 95
Y 05

ZR 95
Nβ 9 5F
t-'O 0 9

NB103

MO1C3
RU103

MO106

RU106
RHlObF

1131
TE132
1132F

XE1UQ

csiao
CSi^l

BAiao
LAiao
CEl^l

BA143
PR143
3A144
LAiaa
CE144
PR144F

NO 147

I
I

"ENDF.MF

PERIODE
ENERGIE

I SENSIBILI
1
I ?
I

I
I
I
I
I
I
I
I

îI
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

7.
NT 1.

4.
NTS 0.
S 0.
S 1.

1.

77*E 07 S
OOOE 06 S
096E-01 (MEV/S)
585 %
143 %
394 X
518 %

TE DE PUISSANCE
RESIDUELLE

*END.

0.012
0.03?
0.000
0.031
0.031
0.000
0.022
0.167

0.048
0.00?
O.O00
0.000
0.023
0.015
0.000
0,016
0.000
0.0
0.000
0.015
0.0
0.123
0,123
0.014
0.020
0.0 00
0.000
0.018
0.000
0,097
0.041
0.003
0.0
0,000

PERIODE

0.000
0.000
0.0 11
0.000
0.000
0.013
0.000
0.000
0.000
0.0 35
0.004
0.016
0,000
0.000
0.009

-0.000
-0.017
0.000
0.014
0.076
0.001
0.000
0.000
3.000
0.130
0.031
0.007
0.000
0.012

-0,000
0.000

-0.098
0.000
0.008

A
ÇBGM

0,0
0,0
0.053
0.0
0,0
0.067
0,0
0,0
0,0
O.tll
0,113
0,004
0,0
0,0
0,034
0,0
0,000
0,018
0,015
0,003
0.024
0.0
0,0
0.0
0.033
0.223
0.025
0,0
0.024
0,0
0,0
0.010
0.133
0,010

I
I
I
I
I
I

I
I
I
I
I
I
I
T

î
I
I
I
I
I
!
I
I
î
I
I
I
I
!
I
I
I
I
I
1
I
I
I
I
I

ERREUR

I
I

SUR PUISSANCE!
RESIDUELLE DUE
REND
(X)

0.03
0.1?
0.00
0.04
0.15
0.00

-0,27
0.35
0.10
0.01

-0.00
0.00
0.06
0.04
0.00
0.10
0.00
0.0

-0.00
0.03
0.0
0.10
0.38
0.05
0.12

-0.01
-0.00
0.03

-0.00
0.20
0.08
0,01
0.0
0.00

PER.
(X)

0,00
0.00
0.01
0,00
0.00
0.01
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0,00
0.06
0.01
0,00
0.00
0.00
O.U
0.05
0.00
0,00
0.01
0,00
0.00
0.03
0,00
0.01

A
EBGM
(X)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0

.0
• 40
.0
.0
.54
.0
.0
.0
.18
.08
.02
.0
.0
.05
.0
.00
.10
.05
.01
.04
.0
.0
.0
.22
.42
.50
.0
• 2a
.0
.0
.12

• 06

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
T
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Table 39

PU Ç PESIOUELLfc
U5R A^ t 0/0 3/76 TAUX DE FI5ST0M CONSTANT (1 PIS,

TE'
PU

MPS 0 • lPRADTATIfV;
"•PS DF. REFROIDISSEMENT
ISSAhCE F
RFtj^ HUE
PEU0 DUF
PEU» DUE

*E
A
A
A

SIDUtLLE
UX ^EMDnMFMT
UX P E K O E S
UX ENBRGIF.S

EPPFUR TOTALE;

i
i
I
I
I
I

I
i
I
i
I
i
i
I
I
I
I
T

I
I
I
I
I
I
I
Ï
I
T

I
I
I
I
I

NUCLEIDE

BR 6e)
HP 89
SP 39
KP 90
V 90F"

KP Qt
RB 91
Y 91F

PB 95
SP <>5
Y 95
ZP «5
NB 95F
NB103
R U1 0 3
MOI 06
PU 106
RH106F
X E 1 3 7
B A 1 3 7 M
B A 1 a 0
CEiai
CS1^4
B A i a a
UAiaa
CE144
PRI'J4F

I
I
T
1

I
I
I

T
T

I
T
I
T
T

Î
I
I
T
I
T

Ï
I
I
I
I
I
T
I
T
I
I
I
T

I

SE^SIBILTTE

7.
1.
1.

s 0.
0.
?.
?..

OE P
RESIOUFLLE

RENO. PE

0.010
0.031
0,000
0.023
0.000
0,031
0.0 30
0.000
0.031
0.231
0,067
0.003
0,000
0.013
0.000
0.043
0.000
0.0
0.014
0,0
0.001
0,000
0.02a
0.252
0.106
0.007
0.0

RIODE

0,000
0.000
0.071
O.OOC
0.00c
0.000
0.000
0,009
0.000
0.000
0.000
0,334
0.093
0.000
0.041
0.000
0.042
0.000
0.000
0.000
0.035
0.0?3
0.000
0,000
0.000
0.187
0.000

776E 07 s
OQOE 07 S
19BE-Q1 (MEV/S)
753 X
107 X
S6? X
673 X

l'ISSANCE
A

EBGM

0,0
0.0
0.040
0.0
0.025
0.0
0.0
0.063
0.0
0.0
0.0
0.115
0.189
0.0
0.017
0,0
0,000
0,049
0.0
0.017
0.000
0,008
0.0
0.0
0,0
0,027
0,347

I
T
ï
I
I
I

I
I
I
T
I
T
T
I
T
I
T
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I

ERREUR SUR P
RESIDUELLE
RFNO
(X)

0.02
0.10
0.00
0.05

'0.00
0.04
0.15
0.00

-0.37
0.49
0.14
0.01

-0.00
0.04
0,00
0.28
0.00
0.0
0.04
0.0
0.00
0,00

-0.13
0.51
0,22
0,03
0.0

PEP.
(%)

0,00
0.00
0.03
0.00
0.00
0.00
0,00
0,05
0.00
0.00
0.00
0.03
0.01
0.00
0.02
0.00
0.02
0.00
0.00
0,00
0.03
0,01
0,00
0,00
0,00
0,07
0.00

UISSANCE
DUE A

EBGM
m
0.0
0.0
0.31
0.0
0.18
0.0
0.0
0.51
0.0
0.0
0.0
0.19
0.14
0.0
0.03
0,0
0.00
0.29
0,0
0,00
0.00
0,17
0,0
0,0
0.0
0.30
2,43

I
I
I
I
I
I

I
I
T
T
T
I
I
I
I
I
I
T
I
I
I
T
I
I
T
T
I
I
I
I
I
I
T
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Table 40

ANALYSE DE L
1
 ERREUR SUR LA PUISSANCE RESIDUELLE

U5RAP 10/03/76 TAUX DE FISSION CONSTANT (1 FIS./S.)

TEMPS D'IRRADIATION

TEMPS DE REFROIDISSEMENT

PUISSANCE RESIDUELLE
ERREUR DUE

 A
UX

ERREUR DUE AUX
ERREUR DUE AUX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E- Oβ S
1.155E-02 CMEV/S)
0.963 X
0.799 %
2.63? X
2.914 *

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NUCLEIDE

BR 90

KR 90
RB 90M
RB 90F

SR 90
Y 90F

MO 106
TC106
RU106

RH106F

TE137
1137

XE137
CS137
BA137M

CS144
BA144

LAI^α
CEJ44

PR144F
CE147
P*147

I
I
I
I
I
I

I
I
I
I
I
T

I
T
I
I
I
I
I
I
I
I
T
I
I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND.

0.026

0.212
0.031
0.0 34

0.003

0.0
0.062
0.01.2

0.000
0.0
0.011
0.087

0.125
0.006
0.0

0.022
0.226
0.095
0.006
0.0
0.016
0.000

PERIODE

-0.000

0.000
0,000
0.000

-0.268

0.000
-0.000
0.000
0.115

0.000

c.ooo
o.ooo
0.000

-0.203
0.0

o.ooo
-o.ooo
0.000
0,730
0.000
0.000
0.005

EBGM

0,0
0.0

0.0
0,0
0.044
0,239
0.0
0.0

0,000
0,067
0,0
0.0
0,0
0,048

0.165
0,0
0,0
0.0
0,020
0.257
0,0
0,025

I
I
I
I
I
I

I
I
I
I
I
I
I
î
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

I
I

SUR PUISSANCEI
RESIDUELLE
RFND
CX)

-0.42
0.71
0.21
0.23
0.02
0.0
0.41
0.16
0,01
0.0

-0.09
-0.32
0.41
0.08
0,0

-0,12
0.46
0.19
0,02
0.0
0.05
0.00

PER.

(X)

0.00
0.00
0.00
0.00
0.75
0.00
0,00
0.00
0,06
0.00
0.00
0.00
0,00
0,07
0,0
0.00
0.00
0.00
0,26
0.00
0,00
0,00

DUE A
EBGM
CX)

0.0
0.0
0.0
0.0
0.47
1,70
0.0
0.0
0.01
0.39
0.0
0,0
0.0
0.51
0.00
0,0
0,0
0,0
0,22
1.80
0,0
0.33

I
I
I

I
I
I
ï
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 41

ERREUR SUR LA PUISSANCE RfSIDUELLE DUE AUX PR0DU1T5 DE FISSION
***** PU^RAP 11/00/76 *****

TAUX DE FISSION CONSTANT (1 FIS./S.)

TEMPS P,IRRADIATION 7.776E 07 S

I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TEMPS
REF,
CS)

l.OE
2.0E
5.0E
l.OE
2.0E
5.OE
l.OE
2.0E
5.0E
l.OE
2.OE
5,0E
l.OE
2.OE
5.0E
l.OE
2.0E
5.OE
l.OE
2.0E
5.0E
l.OE
2.0E
5.OE
l.OE

00
00
00
01
01
CI
0?
0?
02
03
03
03
04
04
04
05
05
05
06
06
06
07
07
07
oft

I
I
I
I

I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
T
I
I
I

PUISSANCE
RESIDHELLE
CMEV/S)

8, b 1 Q 8 E. 00
8,2487f. O^
7.759ZJE 00
7.2B38E 00
6.728BF 00
5.8852F. 00
5.1978E 00
IX ^illOF 0 0
3.7484E 00
3.1620E 00
2.5756E 00
1.9178E 00
1.5505E 00
1.2755E 00
9.8862E-01
8.1023E-01
6.6390E-Q1
5.0196E-01
3.9P14E-01
2.9394E-01
1.9050E-01
1.2974E-01
8.0773E-02
3.4953E-0?
1.3974E-0?

T

I
T
I

I
I
I
I
T

I
I
I
T
I
T
I
I
T

I
I
I
I
I
I
I
I
I
I
I

FRREUR
DUF AU
RFNP,
CO

1.216
1.1*7
1.159
1.111
1.050
0.962
0.907
C,8*3
0.903
0.94U
0,994
o .9ai
0.866
0.859
0.898
0.919
0.923
0.960
1.082
1.3?0
1.786
2. BIZ
2.803
3.263
2.729

I
T
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR
DUE A
LA PER.
(%)

0,162
0.171
0.184
0.216
0,270
0.298
0.309
0.294
0.213
0,143
0,107
0,108
0.132
0,175
0,258
0.239
0.148
0.135
0.161
0,198
0.192
0,190
0,207
0.273
0.511

I
I
ERREUR I
DUE AUXI

IENERGIESI
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I

(X)

1.891
1.881
1.858
1,830
1.778
1,655
1,532
1.4?6
1.261
1.024
0.748
0.620
0,659
0.712
0.785
0.863
0.970
1.157
1.343
1.598
2.108
2.653
3.298
3.7?9
2.884

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

FPREU*
TOTALE

2.254
2.236
2.198
2.152
2.082
1.937
1.807
1.703
1.565
1.400
1.240
1.132
1.097
1.130
1,221
1.283
1,347
1,509
1.732
2.082
2.770
3.485
4,333
4,963
4,003

I
I
I
I

I
I
I
I
T
i
i
i
T
I
I
I
I
T

I
I
I
I
1.
T
I
I
I
I
I
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Table 42

ANALYSE DF L'ERREUR SUR LA PUISSANCE
PU9RAP ll/On/76 TAUX DE
TEMPS D1 IRRADIATION
TEMPS DF REFROIDISSEMENT
PUISSANCE RFSIDUL'LLF

DUE AijV PENDF^FNTS
DUT AUX PERIODES

ERREUR DL'F AUX FNERGIFS
TOTALE

776E 07

OOOE oo
51 IE 00
216 X
16? X
89} %
254 X

RESIDUELLE
CONSTANT (1
S
S
(MEV/S3

PIS,/S.)

fUCLEIDE SENSIBILITE DE
PESIDUFLLE

REND. P

PUISSANCE
A

FBGM

I I
I I
I ERREUR SUR PUISSANCE!
T RESIDUELLE DUE A I
I RFND PER. FBGM I
I (%) U ) (X) I

I KR 89
I RB 9?
I SP 93
I SR 94

V 94
95
95
96

Y 97
I ZR 98
I Ne 98F
I ZR 99
I ZP100
I MB100F
I ZR101
I NB101
I MOI 01
I NB102
I TC102F
I NB103

103

I MOIoa
I TC104
MO 105

I TC105
I MO106
I TC106
I TC107
I SB131
I TE132
I II 32F
I TE133"
I TE134
I 1134F
I TE135
I I135
I XE137
I XE138
I CS138F
I XE139
I CS139
I XE140

on
oie
01?
017
003
020
010
01?
01?
Olfl
000
020
019
003

on
014
OOP
022
0 00
015
023
025
003
OOP
012
013
011
010
01?
OCO
011

0.016
0.005
0.01*1
0.011
0.010
0.027
0.003
0.02?
0.007
0.018

n
0
c

-c

0 00
001
000
000
000
OCO
0 00
000
003
001

ooo
003

ooo
002
001
ooo
ooo
003
000
002

-0.000
-0.000

ooo
000
ooo
000
001
000
000
000
000

0.000
0.001
0.001
0.000
0.000
0.000

-0.000
0.001
0.000

-û.000
0.000

u •
'0
c
0
0
0
0

0,005 I
0 ,006 I
0.010 I
0 ,007 I
0 .014 I
0 .010 I
0 .011 I
0 .017 I
0 .005 I
0 .007 î
0 .011 I
0 ,009 I
0 .005 I
0 .016 I
0 .003 I
0 .00* I
0 .014 T
0,014 I
0 .017 I
0 .003 I
0 .023 I
0 .009 I
0 .018 I
0 .01? I
0 .013 I
0 . 0 0 3 I
0 .014 I
0 ,008 ï
0 .007 I
0 .002 I
0 ,017 I

0 .006 I
0 .004 T
0,024 I
O.COe 7
0 . 0 1 ? I
0 .012 I
0 .010 I
0 .022 I
0 ,010 I
0 . 0 1 3 I
0 .005 I

0 .17
- 0 . 1 7

0 .08
- 0 . 0 7

0.30
- 0 . 1 7

0.12
0 . 1 3

- 0 . 0 3
- 0 . 0 ?

0 . 1 ?
0.21

-0 .09
0.17
0,20

- 0 . 1 7
O.?5

- 0 . 0 1
0.16

-0 .06
0,12

-0 .07
0,3e?

- 0 . 1 8
0.16
0.16
0.21
0.02

-0 .10
- 0 . 0 2

0,10
0.18

-0 .07
0.45

-0 , 26
-0 .07

0 ,12
- 0 , 1 3

0.27
- 0 , 1 3

0.34

0,00
0.00
0,00
0,00
0,00
0,00
0,00
0,00
0 ,02
0 .01
0.00
0 .02
0.00
0 .0 3
0 .02
0,00
0.00
0 ,05
0,00
0 ,07
0.00
0.00
0.00
0.00
0.00
0.00
0 .01
0.00
0.00
0.00
0,00
0.00
o.oo
0 ,00
o.co
0 .00
0 ,00
0 .00
0.00
0.00
0 .00
0 .00

0.01 T
0,04 T
0 .08 I
0 .18 I
0 .10 I
0 .22 ï
0 .05 I
0 .58 T
0.04 I
0 ,06 T
0.09 I
0 ,09 I
0 .19 I
0 .46 I
0 .08 I
0 .17 I
0 ,04 I
0 .48 I
0 ,45 I
0.11 T
0.81 I
0 ,31 I
0 .45 I
0 . 4 3 I
0 .34 I
0 .10 I
0 . 4 3 I
0 .28 T
0 .16 I
0.01 I
0 . 0 3 I
0 , 0 3 I
0 ,10 I
0 ,06 I
0 .29 T

0 . 0 3 I
0 .0» I
0 ,04 I
0 .07 I
0 .05 I
0 .09 I
0 .10 I
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Table 42 cont'd

I
I
I
I
I
I
I
I
I

C$140
CS141
LA140
SM41
8AH2
L41^i2

BA143

BAiaa
LA146

I
I
I
I
I
I
I
I
I

0.024

0.016
0.000
0.008

0.017
0,001

0.015
0.011
0.010

-0.000

0.000
-0,000
-0.000
•0.QO0
-0.000

0.000
0.000
0.000

O.OiP

0,008
0,01*
0,010
0,007
0.017

o.ooe
0,004
0,00?

I
T

I
I
I
I
I
I
I

0.2a
0.23

-0,00
-0.18
-0.10
-0.05

0.11
0.1?
0.11

0.00

0.00
0,00
0,00

0,00
0,00
0,00
0.00
0.01

o.oe
o.ie
0.03
0.05
0.05
0.03
0.26

0.12
0.17

I
T

I
I
I
I
I
I
I

Table 43

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE

PU9»AP 11/00/76 TAUX DE FISSION CONSTANT (1 FIS,/S,)

TEMPS D'IRRADIATION
TEMPS DE REFROIDISSEMENT
PUISSANCE f
ERREUR DUE
ERREUR DUE
EPREUR DUE

RESIDUELLE
AUX
AUX
AUX

ERREUR TOTALE

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NUCLEIDE

KR 89
PB 91

SR 93
SR 9a
Y 9a

SR 95
Y 95
Y 96

ZR 98
NB 98F
ZR 99

ZR1O0
MB101
MO101

NB102
TC102F
NB103

MO103
MOI Oα

I
I

7.
1.
7.

RENDEMENTS 1.
PERIODES
FMERGIES

I SENSIBILITE

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
T

î
I
I
I
I
I

0.
1.
2.

776E
OOOE
284E
111
216
830
152

07 S
01 S
00 CMFV/S3

%
X
X
X

DE PUISSANCE
RESIDUELLE

REND. PERIODE

0.01?
0,011
0.014
0.019
0,004
0,021
0.011
0,014
O.Oia
0,000
0.012
0.011
0.012
0,009

o,oia
0,000
0,013
0.025
0.029

0.000
0.001
0.000
0.001
0.000
0.003
0.000
0.001
0.004
0,001
0.00a
0.007

o.ooa
0.000
0.005
0.000
0.000
0.002
0.001

A
EBGM

0,006
0.009
0.012
0.008
0,016
0.009
0,013
0,019
0.007
0.011
0.001
0.003
0.005
0.016
0.002
0.020
0.000
0.024
0.009

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

I
I

SUR PUISSANCE!
RESIDUELLE
REND
C%)

0.16
0.16

-0.10
0.10

-0.07
0.30

-0.18
0.16
0.05

-0.01
-0.05
0.15
0.14

-0.12
0.10

•0.00
0.08
0.10
0.14

PER.
CX)

0,00
0,01
0.00
0.00
0.00
0.03
0,00
0.01
0.04
0.02
0,03
0.04
0.02
0,00
0.07
0.00
0.01
0.02
0.01

DUE A
EBGM

I
I

C%) I

0.02
0.03
0.0*>
0.19
0.12
0.21
0.06
0.65
0.06
0.09
0.01
0.09
0.08
0.05
0.06
0.53
0.00
0.85
0.33

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 43 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TC104
MO105
TC105
MOlOb
TC106
TC107
SB131
TE132
I132F

TE133M
TE134
I134F

U 1 3 5
1135

XE137
XE138
CS138F
XE139
C3139
XE 140
CS140
CS141
LA140
B A 141

LA142
BA143
B A 14 4

I
I
I
T
I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I

O.OC4
0.027
0,009
0.012
0.013
0.011
0.012
0.014
0.000
0,012
0.021
C.006
0.013
0.013
0.011
0.031
0,004
0.024
0.008
0.018
0.026
0.017
0.000
0,009
0,019
0.001
0.014
0.011

-0,000
0.002
0.000
0.001
0.002
0.002
0.000
0.000

-0,000
0.000
0,001
o.oci
0.003
0.000
0.001
0.000
0.001
0.002

-c.ooo
0.002
0.001
0,002

-0.000
-0,000
-0.000
-0.000
0.003
0.002

0,021
0.012
0.015
0,00?
0.01?
0.007
0.00°
o.oo?
0,020
0.008
0.004
0.028
0,007
0,014
0,014
0.011
0.026
0,010
0,015
0.004
0,021
0,008
0,018
0.012
^ ,00*
0,019
0,005
0.003

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I

-0.08
0.42

-0.19
0.16
0.16
0.21
0.03

-0.12
-0.02
0.1?
0.21

-0.08
0.39

-0.26
-0.07
0.21

-0.14
0.29

-0.14
0.33
0.25
0.24

-0.00
-0.17
0.08

-0.05
0.11
0.12

o,00
0,02
0.00
0.03
0.02
0.00
0,00
0,00
0.00
0.00
0.00
0.00
0,03
0.00
0.00
0.00
0.00
0,00
0.00
0.02
0,01
0,00
0.00
0,00
0,00
0.00
0,03
0.02

0.5?
0.43
0.39
0.06
0.44
0.25
0.19
0.01
0,03
0.03
0.11
0.07
0.24
0.03
0.09
0.04
0.08
0.05
0.11
0.07
0,09
0.17
0.03
0.06
0.06
0.04
0.18
0.09

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
!
I
I
I
I
T
!
I
I
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Table 44

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
PU9RAP ll/OD/76 TAUX DE FISSION CONSTANT (1 FIS,/S.)
TEMPS D'IPPADIATION
TEMPS DE PEFROIDISSEMFNT
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDEMENTS
ERREUR DUE AUX PERIODES
ERREUR OUF AUX ENERGIFS
ERREUR TOTALE

7.776E 07 S
1.000E 02 S
5.19AE 00 CMEV/S)
0.907 %
0.309 %
1.533 X
1,807 X

I
I
I
I
I
I

I
I

NUCLEIDF I
I
I
I

SENSIBILITE DE PUISSANCE
RESIDUELLE A

REND. PERIODE E3GM

I
I
I
I
I
I

ERREUR SUR
RFSIDUELLE
REND
CX)

PER

m

I
I

PUISSANCEI
DUE A
• EBGM

CX)

I
I
I

KR
KR
RB
SR
SR
Y

SR
Y
Y
Y

ZR
NB

88
89
89
93
94
9a
95
95
96
07
97
97F

NB101
MO101
NB102
MO102
TC102F
MO103
MO104
TC104
M0105
TC105
RU105
RU106
RH106F
SB131
SB132M
TE132
II 32F

TE133M
TE133F
II 33F

TE134
II 34F
1135

XE137
XE138
CS138F
XE139
CS139
XE140
CS14Q

0.01?
0.015
0,003
0.018
0.021
0.005
0.017
0.015
0,012
0.0J2
0.013
0.000
0.012
0.012
0,015
0.01?
0.000
0.018
0.031
0.005
0.024
0.012
0.000
0.002
0.000
0,017
0.011
0.020
0.001
0,017
0.012
0.001
0.030
0.008
0,01»
0,01?
0,042
0.005
0.022
0.011
0.014
0.025

-0 .000
0.002

-0.000
0.002
0.004
0.000
0.004
0.001
0,009
0.000

-0.000
- 0 , 0 0 0

0 .000
0 .001
0 .000
0 .002
0 .000
0 . 0 1 5
0 .006
0 .000
0 .007
0 . 0 0 2
0 .000

- 0 . 0 1 2
0 .000
0 . 0 0 1
0 .002
0 . 0 0 1

- 0 . 0 0 0

o .oo i
0.000

-0.000
0.001
0.002
0.001
0.005
0.001
0.002
0.006
0.002
0.002
0.011

0.005 I
0.006 I
0,011 I
0,014 I
0.004 I
0.022 I
0.001 I
0,016 I
0,016 I
0,000 I
0,009 I
0,011 I
0,000 I
0.020 I
0.000 I
0.004 I
0,025 I
0,01? I
0.005 I
0.029 I
0.004 I
0.019 I
0,010 I
OiOOO I
0,011 I
0,012 I
0.005 I
0.003 I
0.028 I
0,010 I
0.010 I
0,012 I
0,006 I
0.038 I
0,019 I
0.015 I
0.015 I
0.0 36 I
0.003 I
0,019 I
0,000 I
0.011 I

0.06
0.19

-0.13
0.09
0.09

-0.06
0.16

-0.07
0.15
0.03
0.05

-0.01
0.06
0.05
0.07
0.04

-0.00
0.07
0.13

-0.07
0.32

-0.08
-0.04
-0.05
-0.00
0.10
0.19

-0.13
-0,03
0.21

-0.17
-0.10
0.30

-0.11
0.06
0.0!
0.35

-0.18
0.22
0.01
0.17
0.21

0,00
0.00
0,00
0,01
0,00
0.00
0.04
0.00
0,14
0#00
0,00
0.00
0.00
0.00
0.00
0,00
0,00
0.15
0,04
0,00
0.07
0.01
0.00
0.01
0,00
0.00
0.03
0,00
0,00
0,00
0.00
0,00
0.00
0.00
0.00
0.00
0.00
0.00
0,01
0.01
0.02
0.11

COI I
0.0? I
0.02 I
0.11 I
0.11 I
0.16 I
0.03 I
0,08 I
0.57 I
0.00 I
0.05 I
0.04 I
0,00 I
0.07 I
0,00 I
0.16 I
0.67 I
0.41 I
0.16 I
0.71 I
0.13 I
0.50 I
0.04 I
0.00 I
0.07 I
0.25 I
0.11 I
0.02 I
0.05 I
0.04 I
0.07 I
0.05 I
0.15 I
0.10 I
0«0« I
0.10 I
0.06 I
0.11 I
0.01 I
0.14 I
0.00 I
0.05 I
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Table 44 cont'd

I
I
I
I
I
I
I
I
I

CSiai

LA140

QA1U2
LAia2
BM<*3
0R146

I
I
T
T
T
I
I
I
I

0,015
0.000
0.011
0.013
o.oco
0.026
0.00?
0.013
0.000

0.003
-0.000
0.000
o.ooi

-0.000
0.001
0.000
0.001
0.000

0 ,001 I 0 .12
0 ,026 I - 0 . 0 0
0,000 I 0 .07
0 ,016 I - 0 . 0 4
0,010 I - 0 . 0 1
0.010 I 0 .12
0 .027 I - 0 . 0 7
0.000 I 0 . 0 3
0 .012 I - 0 . 0 1

0,00
0,00
0.00
0.00
0.00
0.00
0,00
o.oi
0.00

0.02
0,05
0,00
0,08
0.08
0,0ft
0,06
0,00
0,05

r
I
I
I
I
I
T
I
I

Table 45

ANALYSE DE L'ERREUR SUR LA PUISSANCE PESIDUFLLE
PU9RAP 11/00/76
TEMPS O1IRRADIATION
TEMPS DE PEFRC
PUISSANCE RESIDUELLE
ERREUR DUE AUX RENDF
ERREUP PUE AUX

OUF AUX Z\
TOTALE

TAUX DF FISSION CONSTANT Cl FIS,/S.)
7.776E 07 S

!P:T 1.00 0E 0 3 S
3.16PE 00 (MEV/S)
0,944 %
0.143 %
l.02a %

NTS

l.uoo %
T

J.
I
T

I
T

T
T

N'JCLEIDE I
I
I
T

SEN

RE

SIBILITE DE PL
RESIDUELLE

MD. PERIODE

.'ISSANCE
A

FBGM

I
I
I
I
I
I

ERREUR SUR
RESIDUELLE
REND PER

c%) m

I
I

PUISSANCEI
DUE A
. EBGM

(*)

I
ï
I

I KP
I RB
I «R
I RB
I SP
I Y
I SR
I Y
I SR
I Y
I SR
I Y
I ZP
I MB
I Y
I ZR
I MB

I MO
I NB
I MO

88
*8
69
92
92
92
95
9 3F
94
Qα

95

95

95

95F

97

97

97F

99

101

101

^.018

o.ooi

o.oio
0.011
O.Olfe
0.000
0.015
0.001
0.015
0.0 05
0.017

016
00?
000
020
02?
0 00

ooo
ou

-' a

0.
0.

o.
ft.

0 .

0.
0.
0.011

0.000
0.001
0.003
0.000
0.001
0.000
0.009
0.001
0.001
0.012
0.000
0.010
0.002
0.000
0.000
'0.000
0.000
0.000
0.000
0.015

0,008 I

0.015 I

0.000 I
0.0 I
0.012 I
0.014 I
0.005 I
0,014 I
0.000 î
0.021 I
0,000 I
0.009 I
0,012 I
0.011 I
0.0 I
0.014 I
0.018 I
0,010 I
0.0 I
0,016 I

0.12
-0.07
0.09
0.06
0.06

-0.02
0,06

-0.03
0.05
0.02
0.10
0.05

-0,07
-0.00
0.05
0.08

-0.01
0,00
0,06
0.05

0.00
0.00
0,00
0.00
0,00
0.00
0.02
0.01
0.00
0.01
0.00
0.03
0.00
0.00
0.00
0,00
0,00
0.00
0.00
0.00

0.01 I
0.04 I
0,00 I
0,0 1
0.03 I

o.oe î
0,04 I
0.09 I
0,00 I
0.15 I
0,00 I
0.05 I
0,02 I
0.01 I
0.0 I
0,08 I
0,07 I
0,06 I
0,0 I
0,05 I
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Table 45 cont'd

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TC101
MO102
TC1O2F
RU103
MO IOC
TCI Ô i
MD105
TC1O5
RU105
TC106
RU106
RH106F
S8131
TE131F
S9l32^
TE132
I132F

TF133M

TF133F
I133F

TE134

I134F
TE135
1135

XE135F
XF.138
CS138F
XE139
CS139
BA139
XE14Q
CS140
CSlfll
LA14O
CS1U2
BAiai
LAlfll

LA1^2
B A i a s
PP144F
LA146
DRl"6

I
I
I
T
1
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
T
I
I
I
I
I
I
T
I
I
I
T

T

0.000
0.0 08
0.0
0,000
0.023
0.004
o.oie
0.011
0,001
O.Oin
0.003
0.000
0.021
0.0 0?
0.010
0.0 3?
0.00!
0.025
0.014
o.oo?
0.045
o.oi?
o.on
0.014
0.029
0.001
0.05?
0.006
0.017
0.009
0.001
0.015
0,026
0.017
0.000
0.014
0.015
o.oco
0.034
0.003
0.015
0 . 0 0 0

o.on
0.000

0.002
0.018
0.000
o.oco
0.001
C . 0 1 6
o.ooi
0.012
o.ooo
0.000

-0.019
o.ooo
0.007
0.002
0.002
0.001
o.ooo
0.004
0.0 05

-0.000
0,0 05
0.001
O.OOfi
0.000
0.002
o.ooo
0.014
0.010
0.001
0.012
0.001
0.000
0.000
0.000

-0.000
0.000
0.009
0.000
0.008
0.003
0.000
0.000
0.000
0.003

0,011
o.oo?
0.016

o.on
0,000
0,026
o.ooo
0.006
0,016
0.000
0.000
0.019
0.01?

o.on
0.001
0.005
0.046
0,014
o.ooe
0.020
0,007
0.000
0.058
0,000
0.030

o.on
o.on
0.051
o.ooo
0,009
0.015
0,000
0.000
0.000
0,042
0.0
0.014
0.016
0.006
0,042
0,000
0.012
0,000
0.016

I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
•I
I
I
I
I
I
I
I
I
I

-0.00
0.C3
0.0
0.00
0.08

-0.03
0.20
0.11

-0.03
0.0°
0.05

-O.OO
0,14

-0.1"
0.11
0.0*

-0.02
0.4a

-0.2?
-0,13
0.50

-0.13
-o.?o
0.08
0.16

-0.03
0.47

-0,22
0,13
0.09

-0.03
0.03
0.06
0.11

-0,00
0.08
0.08

-0.02
0.15

-0.08
0.03

-0.00
0.03

-0.01

0.00
0.04
0.00
0.00
0.01
0.03
0,01
0.06
0.00
0.00
0,01
o.oo
0.02
0.00
0.03
0.00
0.00
o.oo
o.oi
0.00
0.01
0.00
0,02
0.00
0.00
0.00
0,01
0,00
0.00
0,04
0,00
o.oo
o.oo
0.00
0,00
0,00
0.00
0.00
0.01
o.oo
0,00
0,00
o.oo
o.oi

0.07
0.10
0.42
0.02
o.oo
0.65
0.00
0.20
0.06
0.00
o.oo
0.1!
0,26
0.05
0.01
0.03
0.07
0.05
0.06
0.09
0.19
o.oo
0.15
0,00
0.07
0.07
0.04
0.16
0.00
0.07
0.11
0.00
0.00
0.00
0,08
0.0
0.07
0.13
0.05
0.0°
0.00
0.08
0.00
0.07

T
I
I
I
I
I
I
I
I
J
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
1
I
I
I
I
I
I
I
I
I
T

I
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Table 46

ANALYSE DE L'FRREUR SUR LA PUISSANCE RESIDUELLE
PU9RAP il/OO/76
TE
TE

T
MPS D1 IRRADIATION
k'PS DE RÉLFRPIDISSEME

PUISSANCE RESIDUELLE
E9
E*
ER

REUR DUE
REU& DUE
RE'JP DUE

AUX
AUX
AUX

ERF'EU* TOTALE

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

hUCLEIDE

KR 88
RB 68
RB 91
RB «2
SR 91
SR 92
Y 92

SR 93
Y 9 3F

SR 95
Y 95

ZR 95
MB 95F
Y 97

ZR 97
MR 9 7 M

\B 97F
ZR 99
MO 99
MO103
RU103
MO 105
TC105
RU105
MOI 06
TC106
RU106
f?H106F
SB131
1131

S9132M
SP132F
TE132
I132F

TE133M
TE133F
I133F

TE13U
I134F

TE135
1135

XE135F

T
T

AUX DF
7,

NT 1.

1.
REMDF.MF.MS 0,
PERIODE
ENFRPie

S 0.

s o.
1.

FISSION CONSTANT (1
776E O7 S
OOOE 04 S
55 IE 00 (MEV7S)
«66 X
132 %
659 %
097 %

î SENSIBILITE HE PUISSANCE
I
T R
I

T
I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
T
I
I
I
I
T
ï
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I

RESID
FND.

0.020
0.000
0.017
0.016
0,009
0.022
0.001
0.017
0.001
0.02«
0.023
0.004
rt.000
0.036
0.040
0.000
0.000
0.018
0.000
0.016
0.000
0.017
O.Oll
0.001
o.oia
0,020
0.005

o.o
o.oio
0.000
0.018
0.018
0.066
0 . 0 0 1
0.023
0.017
0.004
0.026
C.004
0.023
0.049
C.002

UFLLE
PERIODE

0.015
0.002
0.000
0.000
0.005
0.013
0.005
0.000
0.005
0.000
0.000
0.004
0.001
0.000
0.007
0.000
0.001
0.000
0.001
0.000
0.001

o.coo
0.001
0.010
0.0
G.000

-0.039

o.ooo
0.004

-0.000
0.000
0.000
0.003
0.002
0.011
0.000
0.002
0.022
0,036
0.000
0.018
0.002

A
EBGM

o.ooe
0.016
0.0
0.0
0,015
0.013
0.025
0.000
0.024
0.0
0.000
0.025
0.023
0.0
0,026
0.018
0.033
0.0
0,020
0,0
0.023

o.o
0.000
0.022
0,0
0.0
0,000
0.038
0.000
0,014
0,000
0.000
o.oii
0,092
0,004
0,000
0,037
0,001
0,026
0,0
0.047
0.022

I
I
T

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

FIS,/S

SUR

1.)

I
I

PUISSANCEI
RESIDUELLE DUE A
REND
CX)

0.15
-0.01
0.06
0,09
0.05
0.09

-0.04
0.05
0.00
0,08
0.06
0.03

-0.00
0.10
0.14

-0.02
-0.01
0.07
0,00
0.04
0.00
0.19
0.12
0.02
0.09
0.19
0.10
0.0

-0.11
-0.00
0,17
0.17
0.21

-0.06
0.31

-0.18
-0.09
0.33

-0.13
0.12
0.26

-0,05

PER.
(%)

0.
0.
0,

o.
0.
0.

o.
0.
0.
0.
0.
0.

o.
o.
0.

o.
o.
0.

o.
0.
0.

o.
o.
0,

o.
0.
0.

o.
0.
0.

o.
0.
o.
o.
o,
o.
o.
0.

o.
0,
0.
0.

01
00
00
00
05
00
00
00
05
00
00
00
00
00
01
00
00
00
00
00
00
00
00
00
0
00
02
00
01
00
00
00
00
01
01
00
00
04
07
00
03
00

FBGM
(*>

0.02
0.04
0.0
0.0
0.06
0.03
0,14
0.00
0.16
0,0
0.00
0.04
0.02
0.0
0.15
0.00
0.12
0.0
0.12
0.0
0.03
0.0
0.00
o.oe
0.0
0,0
0.00
0.23
0.01
0.05
0.00
0.00
0.0*5
0.15
0.02
0,00
0.16
0.03
0.07
0.0
0.10
0.13

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Table 46

I CS138P I 0 , 001 0 . 0 1 8 0 . 0 0 5 1 - 0 , 0 3 0 . 0 1 0 . 0 2 I
I BAJ39 I 0 . 0 0 0 0 . 0 1 2 0 . 0 0 9 I - 0 , 0 0 0 , 0 0 0 . 0 6 I
I XE1UQ I 0 . 0 3 0 0 . 0 0 0 0 , 0 I 0 . 0 6 0 . 0 0 0 , 0 I
I CSl^o I 0 . 0 5 7 0 . 0 0 0 0 . 0 I 0 . 1 2 0 . 0 0 0 . 0 T
I CS141 I 0 . 0 1 5 COCO 0 . 0 I 0 . 0 9 0 . 0 0 0 , 0 I
I BAliJO T 0 . 0 1 9 - 0 . 0 0 2 O.OI6? I 0 . 0 8 0 , 0 0 0 . 1 0 I
I LA14Q I 0 , 0 0 0 0 . 0 0 0 0 , 0 8 6 I - C . O l 0 . 0 0 0 . 1 6 I
I ttAiai I 0 . 0 1 3 0 . 0 0 3 0 .000 I 0 .08 0 .00 0 ,00 I
I LA1U1 I 0 .000 0 .010 0 .022 I - 0 . 0 0 0 .01 0 ,17 1
I BA1<12 I 0 . 021 0 , 0 0 4 0 . 0 0 0 I 0 . 0 8 0 , 0 0 0 , 0 0 I
I LA142 I 0 . 0 0 ? 0 . 0 3 2 0 . 0 2 6 I - 0 . 0 « 0 . 0 2 0 . 0 6 I
I 6A143 I 0 . 0 1 9 0 . 0 0 0 0 , 0 I 0 . 0 3 0 . 0 0 0 . 0 I
I CE143 1 0 , 0 0 0 0 . 0 0 1 0 , 0 1 7 I - 0 , 0 0 0 , 0 0 0 , 0 9 I
I BA144, T 0 . 0 1 5 0 . 0 0 0 0 . 0 I 0 . 0 " 0 , 0 0 0 . 0 I
I IA144 I 0 . 011 0 . 0 0 0 0 , 0 I 0 . 0 3 0 . 0 0 0 . 0 I
I CE144 I 0 . 0 0 ! - 0 . 0 1 9 0 . 0 0 2 I 0 . 0 1 0 , 0 1 0 . 0 2 I
I ppiaar i o.ooo o.ooo 0,02a I -o.oo o.oo o,17 i
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Table 47

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
PU9RAP ll/OD/76 TAUX DF FUSION CONSTANT (1
TEMPS D'IRRADIATION
TEMPS DE REFRniDîSSE1

PUISSANCE RESIDUELLE
EPREUR DUF AUX
ERREUR DUE AUX
ERREUR DUE A'JX ENERGIES
ERREUR TOTALE

7.776E 07 S
1.000E 05 S
8.102E-Q1 CMEV/S)
0.91^ %
0.239 %
0.861 %
1.283 X

I I
I I
I NUCLETDE I SENSI3ILTTE HE PUISSANCE
I I RESIDUELLE A
I I REND, PERIODE
I I

I I
I I
T ERREUR SUR PUISSANCEI
I RESIDUELLE DUE A ï
I REND PER, EBGM T
I (X) (X) (X) I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

SR 89
RB 91
SR 91
Y 91F
Y 93F

SR 95
Y 95
ZR 95
NB 95F
Y 97
ZR 97
NB 97M
MB 97F
ZR 99
MO 99
NB103
MOI 0 3
RU103
MOI 06
TC106
RU106
RH106F
SB131
TE131M

1131
SB132M
SB132F
TE132
II 32F

TE133H
TE133F
II 33F

XE133F
1135

XE135F
XE140

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

0.000
0.013
0.007
0.000
0,000
0.045
C.nuu
0.007
0.000
0.025
0.028
o.ooo
0.000
0.026
0.000
0.015
0.030
0.000
0.026
0.0 39
O.Oin
0,0
0.015
0,010
0.000
0.028
0.028
0.100
0.000
0,018
0.017
0.004
0,000
o, o i a
0.001
0,056

0.001
0.000
0.013
0.001
0.016
0.000
0.000
0.008
0.001
0.000
0.057
0.000
0.002
0.000
0.012

o.ooo
0.000
0.002
0.0
0.000

-0.074
O.OOO
0,000
0.005
0,002
0.000
0.000
0.041
0,004
0.001
0.000
0.028
0.001
0.031
0.013
0.000

0.012
0.0
0.004
0.017
0,008
0,0
0.0
0,047
0,043
0.0
0.017
0.012
0.022
0,0
0.029
0,0

o.o
0.043
0,0
0.0

o.ooo
0,073
0.000
0.00*
0.024
0,0
0,0
0,016
0.138
0.000
0,000
0.030
0,013
0,006

o.on
0,0

I
I
I
I
I
I
I
I
î
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1
I
I
I

0,00
0.04
0.04

•0.00
0,00
0.16
0.11
0,05

-0.00
0.07
0.10

-0,00
-0.00
0.10
0.00
0.05
0.07
0.00
0,17
0.35
0.19
0.0

-0,15
0,47

-0.01
0,28
0,28
0,34

-0.01
0,09
0.03

-0,0?
-0.00
Û.08

-0.02
0.11

0.00
0,00
0.14
0,00
0,16
0.00
0.00
0.00
0.00
0,00
0,07
0,00
0,00
0.00
0,00
0,00
0,00
0.00
0,0
0,00
0,04
0,00
0.00
0.01
0,00
0,00
0,00
0,04
0,04
0,00
0,00
0,01
0,00
0,05
0,00
0.00

0,09
0,0
0.02
0,14
0,05
0.0
0.0
0,08
0.03
0.0
0,10
0.00
0.08
0,0
0.17
0,0
0,0
0,07
0,0
0,0
0.01
0,43
0,00
0.01
0.09
0.0
0.0
0.08
0.22
0,00
0,00
0.13
0,09
0.01
0.06
0.0

I
I
I
T
ï
I
I
I
I
I
I
I
I
I
I
ï
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Table 47 cont'd

I
I
I
I
I
I
I
I
I
A.

I

CSI-α o
B A l a o
LA 140
C£14l
BA143

C E1 a .3
p R l a 3
B A 1 4 4
LA l a<u

PP144F

I
I
T

I
T
I
T

I
T
T

I

0.107

0.036
0.000
0 .000
0.025

o.ooo
0 . 0 0 C
0.02*
0.020

o.oo?
o.OOO

0.000
0.001
0.0 02
0.001
0.000
0.012
0.000
0.000
0.000

-0.037
0.000

0.0
0.027
0,162
0.015
0.0
0.01*5
0.015
0,0
0,0
0,004
0,047

I
I
T

I
I
I
1
I
I
I
I

0,22
0.15

-0,02
-0,00
0.05

-0.00
-0,00
0.0*
0.06
0.01

-0,00

O.OU
0.00
0,00
0.00
0.00
0.02

o.oo
0.00
0.00
o.oi
0.00

0.0

o.ie
0,31
0,30
0.0
0.09
0.15

o.r
0.0
0.04
0,33

I
I
I
I
I
I
I
I
1
I
1
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Table 48

AMALYSE DE I. • E pe-tHF? SUR LA PUISSANCE RESIDUELLE
l/on/76 TAUX DF FI8STOM CONSTANT (1 PIS./S

TEMPS D1

TEMPS ce: PE:F
PUISSANCE RESIDUEL LF
LPRFUP DUE AUX PL^DE ï'-Fr!"
FïRPEUP ni.JF AUX P ^ I ' - D E S

DUE AUX FNFRf- IFS
TOTALE

7.776E 07 S
1.000E 06 S
3.^21E-01 CMEV/S)
] .08? 7.
0.161 *
J .34 3 «
1 .73? «

I
I
I
Î

I
I

I
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

miCLEIDE

KR 89
SR 89
PR 9\

Y <?1F
SR 95

Y 95
ZR 95
MR 95F

•:P1O3
'10103
PU10 3
MG1D6
TC106
RU106
RH106F
SB131

1131
TE132

I 1 3 2 F
XFU'O
CS140
CS141
BA140
LMÛ0
BA141
CE141
BA143
PR143
BA144
LA144
CE144
PR144F

I
I

: I
T
T

T

Ï
T

T
T

T
T
j

T
I
I
I
T

I
1
I
I
T

I
T
I
T
T
Î
I
Ï

T
J
I
1
I
I
I
I

SE^SIBIL
PESI

o . o i ^
0 , 0 0 0
0 .017
0 . 0 0 0
0 . 0 8 7
0 ,065
n.oi?;
0 . 0 0 0
0 . 0 0 0
0 . 0 2 6
0 . 0 5 ?
C . 0 0 0
0 . 0 5 4
0 . 0 7 Q
0.0P1
o.o
0 . 0 1 2
0.000
0 .026
0 . 0
0 . 0 6 *
0 ,132
0 . 0 1 ?
0 .044
0 .000
o . n i i
0 ,000
0 .014
0 .000
0 ,056
0 .040
0 , 0 0 5
0 .0

TTE r>F PUISSANCE
ntJFLLt A

PERIODE

0 . 0 0 0
0 . 0 0 5
0 . 0 0 0
C . 0 0 6
0 . 0 0 0
0 . 0 0 0
0 . 0 ? 9
c.ooa
0 . 0 1 7
0 . 0 0 0
0 . 0 0 0
0 , 0 2 0
0 . 0
0 . 0 0 0

- 0 . 1 4 9
0 . 0 0 0
0 . 0 0 0
0 . 0 1 9
0 . 0 9 0
o.ooi
0 .0^0
0 .000
0 .000
0 . 1 2 1
0 . 0 ? 9
0 .000
0 .007
0 .000
0 .009
0 .000
0 .000

- 0 . 0 7 3
0 . 0 0 0

FBGM

o.o
0 . 0 2 ?
0 , 0
0,0 3^'
0 . 0
0 . 0
0 , 0 8 *
0 ,088
0.004
0 . 0
0.0
0 , 0 7 ^
0.0
0 , 0
0 .001
0 .147
o.o
0,020
0 . 0 0 3
0.02R
0.0
o.o
0.0
0 .030
0 . 2 0 3
0 . 0
0 ,024
0.0
0 .019
0 , 0
0 , 0
0 .007
0 ,094

T
T

ï
T
I
T

T
T
T
T

I
I
I
I
I
I
T

T
I
I
I
I
î
I
T

I
I
I
I
I
I
I
I
I
I
I
I
I
I

FRREUP SUR PUISSANCE
PFSTOUELLF HUF A
PF-ND

CO

O . O B
O . C O
0 . 0 6
0 . 0 0
0 . 3 ^
0 .21
0 .09

- 0 . 0 0
0 . 0 0
0 .09
0 . 1 3
0 .00
0 .35
0 . 7 ?
0 ,37
0 .0

- 0 . 0 3
- 0 . 0 0

0 .09
0 .0
0 .14
0 .27
0 .07
0 . Iβ

- 0 . 0 1
0.06
0.00
0 . 0 3

- 0 . 0 0
0 .17
0 . 1 ?
0 . 0 3
0.0

PER.
(%)

0 . 0 0
0 . 0 0
* . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
0 . 0 0
0 , ^ 0

o . o o
0.01
0 . 0
0.00
0,08
0.00
0.00

o . n o
0 . 0 8
o.o i
0,00
0,00
0,00
0.10
0.04
0.00
0.00
0.00
0 . 0 1
0.00
0.00
0 . 0 3
0,00

EBGM

( * )

0,0
0 . 1 7
0.0
0,25
0.0
0.0
0 .14
0 .06
0 . 0 2
0 . 0
0 . 0
0 .11
0.0
0,0
0,01
0 .87
0.0
0 .07
0 .02
0.0 e ;
0 , 0
0 . 0
0.0
0.20
0 . 3 9
0 . 0
0 . 4 8
0.0
0 . 1 8
0.0
0 .0
0 . 0 8
0 . 6 6

T

I
T

I
I
T

î
T

I
T

T
T

T

I
I
I
I
I
I
T

I
I
I
I
T

I
I
I
I
I
!
I
I
I
7

I
I
I
I
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Table 49

ANALYSE DE L'ERREUR SUR LA PUISSANCE RESIDUELLE
PU9RAP 11/00/76 TAUX DE FISSION CONSTANT (1 FIS./S.)
TEMPS D'IRRADI AT10N
TEMPS DE REFRHIDISSEM
PUISSANCE f
ERREUR DUE
ERREUR DUE
ERREUR DUE

REST
AUX
AUX
AUX

ERREUR TOTALE

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NUCLEÏDF

KR 89
SR 89
R9 9\
V <51F

SR 95
Y 95

2R 95
NB 95F
NB103
*O103
RU103
MOI 06
TC106
RU106
RH106F
XE137
BA137M
6A140
CE141
B A i a a
L A i Û a
CE144
PRlû^F

I
I

QUELLE

7.
ENT 1. .

1,
ENTS ?.

PERIGDFS 0.
ENERGIES 2.

3.

776E
000E
?97E
25?
190
653
485

07 S
07 S

-01 (MEV/S)
%
y.
%
X

I SENSIBILITE DE PUISSANCE
I
T
ï
I
I
I
I
I
T
I
I
I
I
ï
T
T

î
I
I
I
I
I
I
I
T
I

RESIDUELLE
REND.

0.01?
0.000
0.015
0.00-0
0.109
0.106
0.017
0.000
o. o l u
0.027
0.000
0,130
0.192
0,050
0.0
0.016
0.0
0.00Î
0.000
0.12ft
0.09?
0.011
0.0

PERIODE

0.000
0,027
0.000
0.0*1
0.000
0,000
C.234
0.066
0.000
0.000
0.081
0.0
0.000

-0.322
0.000

-0.000
-0,000
0.029
0.020
0.000
0.000

-0.128
0.000

A
EBGM

0.0
0.015
0.0
0.025
0,0
0,0,
0.079
0,130
0,0
0,0
0,033
0,0
0.0
0,002
0.36?
0.0
0,016
0.000
0,007
0,0
0.0
0.017
0.217

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

I
î

SUR PUISSANCEI
RESIDUELLE
REND
CX)

0.
0.
0.
0.
0.
0.
0.

-0.
0.
0.
0.
0.
1.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

06
00
05
00
38
26
11
00
05
07
00
85
75
91
0
03
0
00
00
38
28
06
0

PER.
(X)

0,00
0.01
0,00
0.02
0,00
0.00
0,02
0.01
0,00
0,00
0,04
0.0
0,00
0,17
0,00
0,00
0,00
0,02
0.01
0,00
0,00
0,05
0.00

DUE A

EBGM
(X)

0,0
0,11
0.0
0.20
0.0
0.0
0.13
0,09
0,0
0,0
0.05
0,0
0.0
0,03
2,14
0.0
0.00
0,00
0.14
0.0
0,0
0,19
1.52

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



Table 50

ANALYSE DE L•FR^EMR SUR LA PUISSANCE RESIDUELLE
pu9«AP u/on/76
TE
TE
PU
E*

MPS D 1IRRADIATION
MPS DF. REFROIDI SSFM
ISSANCE F
RFUR DUF

ERREUR OUF
ERREUR TUE

?EST
AUX
AUX
AUX

ERREUR TUTALE

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

NUCLEIDE

KR 90
RB 9QM

RB COP"
S& 90
Y 9QF

>4Ol06
TC106
RU106
RH106F
SB125
1137

XE137
CS137
8A137M

LA1Ù4
CF144
P9J44F
CEIU7
P»IU7

î
I
I S
I
I
Ï

I
I
I
I
I
I
I
I
I
I
I
T
I
I
I
I
T

I
I
I

DUEILLF
PENDFM
PERIOD
FNERnI

ENiSIBTL

TAUX DE
7.

!FNT 1.
1.

lErJTS 2.
•ES 0 .
ES ?..

FISSION CONSTANT (1
776E 07 S
OCOE 08 S
397E-Q2 (MEV/S)
7 2«9 X
511 %
884 X
003 X

.TTE DE PUISSANCE
RESIDUELLE

RENO,

0.046
0.025
0.025
C.OOP
0.0
0.161
0.237
0.06?
0.0
0.000
0.051
0.14O
0.011
CO
0.095
0.06°
O.CO«
0.0
0.013
0.000

PERIODE

0.000
0.000
0.000

-0.0^2
0,000
0.0
0.000
0.763
0.000
0.003
0.000
0.000

-0.189
0.000
0,000
0.000
0.3B8
0.000
0.000
0.005

A
E0GM

o.o
0,0
0.0
o.oia
0,075
o.O
0,0
0.003
O.fl3S
0.013
0,0
0.0
0.040
0.140
0,0
0,0
0 . 0 11
0.143
0,0
0,018

I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

ERREUR

FIS, /S,)

I
I

SUR PUISSANCE!
RESIDUELLE
REND
(X)

0,23
0.13
0.13
0.05
0.0
1.05
2.16
1.13
0.0
0.00
0.20
0.31
0,19
0.0
o.2a
0.21
0.05
0.0
0,08
0.00

PEP.

m
0,00
0,00
0.00
0,26
0.00

o.o
0.00
0.41
0.00
0,00
0.00
0.00
0,06
0.00
0,00
0,00
0.14
0,00
0,00
0,00

DUE A
FBGM

ex)
0,0
0,0
0.0
0.15
0.54
0,0
0,0
0,04
2.60
0,03
0,0
0,0
0,43
0.00
0,0
0.0
0.13

woo
0.0
0.24

I
I
I

I
I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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ANNEXES TO REVIEW PAPER 12

(Status of decay data of fission products)

J. Blachot
CEN Grenoble, France

Annex No. 1

Sample pages for A chain 79 from ENDP-243

"ENDF/B Fiss ion Product Decay Data"

(BNL-NCS-5045)

P.P. Rose and T.W. Burrows

79-0

- 73 -



Cu
EN0F/B-1V FILE 1 COMMENTS

EVAL-APR74 R.E.SCHENTER
DIST-0CT74

REFERENCES
HALF LIFE-R SCHENTER,THE0RY(9/73)

29-CU- 79 HEOL

1 / z

<E,
<E>

II Cu
= .U74s
PER DECAY =3912.
PER DECAY =2627.

FISSION YIELDS
Z3'U THERMAL 4.6025x10-*
i 3 ,U FAST 8.8614x10"*
*3*U FAST 3.0297x10-'

0 , =10450.
BR, =1.000

.3821s

79 - 29- 1

I
-4

II 2"

30-2N- 79 HEDL
ENDF/B-IV FILE 1 COMMENTS

EVAL-APR74 R.E.SCHENTER
0IST-0CT74

REFERENCES
HALF LIFE-R SCHENTER,THEORY(9/73)

, / 2

<E,
<E,

=.3821s
PER DECAY =3271.
PER DECAY =1990.

FISSION YIELDS
U THERMAL 1.4798x10"5

* 3 5U FAST 2.7555x10-5

21tU FAST 2.7887X10',

* 3 ,PU THERMAL 1.1398x10'*

0
BR

I
I

2

=8660.
=1.000

5? G .
.860s

79 - 30- 1

31-GA- 79 HEDL
ENDF/B-IV FILE 1 COMMENTS

EVAL-APR74 R.E.SCHENTER
DIST-0CT74

REFERENCES
DELAYED NEUTRON BRANCHING-T ENGLAND.THE0RYC2/74)

T 1 / ? =2.860s
<E,> PER DECAY =2226.
<E,> PER DECAY =1276.

FISSION YIELDS
? 3 5U THERMAL 1.3?3tx1(T*
2 3 5U FAST 2.4827x10'*
2 3 ,U FAST 8.4032x10"'
*3,PU THERMAL 5.2063x10"5

0 t =285.7
BR« =.00140

0 , =6060.
BR, =.9986

4.900s 43.0±2.0s

79 - 31- 1

ENDF/B-IV FILE 1 COMMENTS
32-GE- 79 ANC EVAL-FEB74 C.H.REICH OECAY DATA

DIST-0CT74
FOR FILE DESCRIPTION SEE CM REICH.RG HELMER AND MH PUTMAN.

ANCR-1157.ENDF210.8/74.
REFERENCE

0- 1973 HAPSTRA-GOVE MASS TABLE

II Ge
=43.0*2.0s
PER DECAY =1893.
PER DECAY =251.4

<E.
<E,

FISSION YIELDS
THERMAL 2.5084x10'*

* 3 5U FAST 3.6792x10"*
2 3 ,U FAST 4.4076x10''
2 3 ,PU THERMAL 3.3455x10'*

0 - =4300.*200.
BR, =1.000

9.000a

79 - 32- 1



I -»£ -"6 / 2 -

o o o i ^ ' s a

- l 1VWH3H1 f l d t £ Z

n

S013U N01SSH

00"S6- AV33O M3d <*3>
0001": AV33Q a3d <*3>

•O68'£= e / li

VJ1

I

VlDO-iSlO
'« V^ad¥-1VA3

S1N3UUO3 I 311i AJ-8/J0N3

M-1IO
3U3d3M

1Q3H U6^ -3S->£

I -££ - 6*

•06»'£

000-l= 'b8
"0861= ' 0

1SVJ
5.01*8969-?
^.0l*£6?6'Z
l . 0 l » £ l 0 1 ' 2
, .oi»i/»o -1 ivwasm

S013U NOISSU

0'
l= AV330 a3d
= AV33Q «3d

3>

a31N3H3S"3"a
S1N3HWO3 I

v-vwwvo3
v

v-

103H -SV-££



S4-SE- 79 HEOL
ENOF/B-IV FILE 1 COMMENTS

EVAL-APR74 R.E.SCHENTER
DIST-OCT74

REFERENCES
OBETA -A T0BIAS(10/72) RD/B/M2453
EBETA-A T0BIAS(10/72> RD/B/M2453
EGAHMA-A TOBIASC10/72) RD/B/M2453

H Se
T

1 / ?
 =64954./

<E,> PER DECAY =42.00
<E,> PER DECAY =.1000

FISSION YIELDS
*

J
*U THERMAL 8.1044x10"*

* " U FAST .7 . 5112x 10" •
*

J
»PU THERMAL 1.6898x10"*

0 - =154.0
BR, =1.000

U BΓ

STABLE OR LONG-LIVED

79 - 34- 1

OS
ENDF/8-IV FILE 1 COMMENTS

35-BR- 79H HEDL EVAL-APR74 R.E.SCHENTER
DIST-0CT74

REFERENCES
OIT-C LEDERER ET AL TABLE OF ISOTOPES 6TH ED

T,,, =4.S60s
<£,> PER DECAY =210.0

FISSION YIELDS
*"PU THERMAL 1.5698x10"

0
 I T

=210.0
BR,

T
=1.000

H Br

STABLE OR LONG-LIVED

79«- 35- 1

STABLE OR LONG-LIVED

CROSS SECTIONS (BARNS)
o TOTAL 2200M/S 1.3468X10*

1

HESTCOTT G FACTOR 1.0229
o CAPTURE 2200H/S 1.1106x10*

1

HESTCOTT G FACTOR 1.0004
RESONANCE INTEGRAL TOTAL 2.7710x10*

2

RESONANT! INTEGRAL CAPTURE 1.3650x10*
2

FISSION YIELDS
'

5
*PU THERMAL 1.7198x10"*

79 - 35- 1



Annex n° 2

French File - C. FICHE, J. BLACHOT.

The description of this file can be found in the CEA Report (1),

and some internal report (2). Some sample pages of the output

are given in the following Tables,

Table 1 Listing for Ba 137 M and Pr. 48

Table 2 Card images for Ba 137 M and Pr 1A8

Table 3 Sample of gamma rays ranged in order of increasing energy?

Table 4 List of the most abundant γ-rays (up to five) for

each fission product

Table 5 Sample of the "Reference" file

Table 6 References ordered by year

Table 7 References ordered by isotopes

(1) J. BLACHOT et al. note CEA-N-1822 (Octobre 1975)

(2) C. FICHE - SEN-PA 77/16 Cadarache, France;
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T A B L E

PRODUITS DE FISSION

Exemple de liste pour BA137M et PR148F

56 BA137M

PEPIODF 11/2='' 2.552 •/- 0.002 M 76KAR

r—•/—EPREUR—KEV BRANCHEMENT--*/— "€R*EtfR—»-A-
OIT 661.647 0.009 '76MAR 100.000 0.0.

--76MAR- ABSOLU

-ENERGIE -»/-~KF.V—
661.64 0- 0.010 89.930

_.•/ ...._ALFA--T
0.400 « 0.112

...*/.* POLAR..
0.0 M4

COMMENTA1RESXEDTTION DU 1/ 4/77

l~
-A..oe>

59 PP148F

Tl/2=-149.000 •••-••/• 3,000-5

KFV
08F- 3560.000 . 150.000 76M0N

7AVON - -~ _ .

eRANGHF^E^T -•/- ERPEt«- «A
100.000 0.0'

»« -BETAS* 67N0S —ABSOk-tt-

—EN'EPGTE • • / - - K E V T INTENSITE- •••••/•-•-

A?OO.OOO o . o l o o . o o o o . o

KG •= -37

-FNEP6TE
1 1 4 . 5 0 0
214.200
301.7=0
"343; 600
404.?00
450.600
457.400
4f>7.?00
555.400
6Ï5.OOO
6P4.000

••••/--•KFV"
0.300

- OV300
0.100

••-•••0-.-300-
0.300
0.100
0.300
0.300
0.300
0.30 0
0.300

: 75LOH

INTENSITE •/-•"
0.300 0.0
1.500— 0*0

100.000
•—1.80 0

0.800
3 ï<i 00
0.400

- 1 ;t)00
1.600
3;900
0.400

RELATIF

0.0
0*0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ALFA T
0.0
OiO
o.o
o i o •••-
o.o
0 .0 -
o.o
OiO
0.0
o-;-o -
0.0

- • • / — •

0.0
OiO
0.0
OiO
0,0

o è-o-
O.P
OiO
0.0
0*0
0.0

-POLAR

J*._M.
0.0

% M
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

T A B L E

PRODUITS DE FISSION

Exemple de cartes pour BA 137M et PR 148F-

56 BA137M 2.552 0.002 H
EIT 661.647 0.00976MAR -- -
GAMA I A

661» 64 0.01- 89.93 0.400•-- 0.112
CMN 1

76HAR
100.000 0.0

0.0
76MAR
1 4

59 PR148F
O B F - - 3 9 6 0 é -
BTA- 1
4200*0000

GAMA 37
114*5 0.3
214.2 0.3
3 0 1 . 7 5 O . i
343.6 0.3
404.2 — 0.3
450.6 0.1
457.4 0i3 "-
467.2
555.4—
615.
•624*
636.3
659.7
721.8
825.
869.3
902.9
947.
1023.5
1153.2
1157.2
1171.1
1210.1
1248.6
1344,
1358.
1381.8
1420.0
1521.5
1772.0

-1907.5
1931.5

"2130.0

0.3
-0é3
0.3
0.3"
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3
0.3

0.5
0.5
0.5

0.5
0.5

0.5

149,
150.

3.
76M0N
k

S
100,

76H0N

100.0OÔ0
67NDS

75LOH
0.3
1.5

1.8
0.8
3.9
0.4
1.0
1.6
3.9
0.4
1.7
3iO
5.8
3.0
6.9
1.9
2.7
-0.9
1.4
2.1
-1.5
2.6
-6.
2.0
9.9
4il
1.5
2.4
1.
0.5
0.5

1.5



T A B L E 3

PRODUITS DE FISSION

Example of the γ-ray table, ordered by energy

(The le t ter R means that the intensity is relative)

E^fRGTF -

1578.00
1578.20
1578.31
1579.00
1579.23

1579.60
1580.10
1581.90
1582.30
1582.87

1583.00
1583.Q0
1585.20
1585.21
1585.70

1588.20
1588.60
1589.60
1590.30
1590.70

1590.70
1591.56
1591.80
1592.70
1593.00

TMTFNSTTF ELE^FNT

0.352
R 3 * 2 0 0

0.203
0.007
0.432

0.002
R 3,70 0

J.896
0.346
0.100

0.070
0.197
0.300
0.176

R 0.900

0.290
0*002
0.240
0*156
2.857

5.224
0.114
0.040
0.001
3.73*

BR 84F
•-BR 87

ND151
TE131F
XE139

RH106F
SB133
SB13QM
KR 91
KR 89

M0101
GA 76
SB128F
XE139
XE140

TE133F
RH106F
M0101
Rβ 90F
Y 98M

Y 98F
•••• XE139

CS339
RH106F-
PH110M

PFRIOHF

31,80
55.70
12.40
25,00
39,70

29.90
2.430
40.00
-R.570
3.180

14.62
27,60
10.00
39,70
13.60

12.43
29*90
14,62
2,550
2.000

.6500
39.70
8.980
?9,90
2P,50

M

-•s
M

M

s
s
•M

M
-5
M

M

-s
M
-5
5

M

s
M
••M
S

s
s
M

••s

s

EN'ERGTE

1617.91
16 IB.50
1620.22
1620*60
1620.90

1*21.10
1621.in
1621.50
16??.3O
1623.80

1624.30
16?4.5<\
1625.20
1625.50
1625.76

1627.30
1627,40
1627.80
1627,98
1628.40

1629.00
'1629*24

1631.40
163V*60
1631.78

INTENSTTF

P

0.428
1.709
0.015
1.098
0.441

0.020
0.000
0.200
0.053
0.813

1.926
0.450
1.100
7.534
0.300

0.116
1.700
1.284
0.030
0.000

0.020
0.258
1.174
0,365
0.188

ELEMENT

ND151
Y 95
KR 90
SE 83 F
CS139

KR 92
RH106F
RD 93
BA141
LA144

RB 91
GD119M
XE142
•PM154F
PH104M

CS140
•KR 93
RB 91

•-N0151 •

RH106F

M0101
I134F

LA144
•-Z-N 71F
PB 90F

PF.RIOOC

12.40
10^60
32.32
22*60
8.980

1.920
29*90
5.890
18*00
42.40

58.20
110,0
1.220
2.800
4.340

63.70
l»200
58.20
12»40
29.90

14.62
52v60
42.40
2*400
2.550

M
M

s
M
M

S

s
s
M

s
s
•5

S
M
M

S
e

s
M
S

μ;..

M-
S
M
M



T A B L E

PRODUITS DE FISSION

Sample of output for the 5 most abundant γ-rays

NUCLIDE MALF-UTFE 11 •F3 E3 13 E4 14 E5 15

53 I134F S?.*0 M 047,02 95.400 004.09 65.254 1072.55 15.264 595.36 11,353 621.79 10,589
55CS134M --?i-«nn~ -H- 127.4? 13*700 - 11*20 0.930 - 138.68 0.002
55CS1J4F ?.OM A 604.64 97.54-0 795.04 e 5 . l 3 0 569.35 15.000 802.07 8.800 563,20 8,400

..... CACMI IB .™i* a nnn...~. c .-._..- ..-„...__ „._.._.„_...._ «_..... _ . ........ . . . . . . . . . . . ..
i > ' 1 9 " I 1 J£> V trilvW 3 — — --• ... ~

51SB135 1.700 S

52TE135 18.
n
n S R 603.SO 100.000 870,30 23.000 266.80 15.000

— 53 1135 - 6 . 7 0 0 — H 1260*50 30*2»ri 1131*60 22.952 526*50 11*718- -167e,30 10.325 1458,10 ••-• 9,447
I 54XE13SM 15.65 M $26.6? ftl.200

— 54:XE135F 9.150 H 24<**74 -90*600 - 60&*07— - 2 . 5 e 0 - 407*90- 0*320 •— 158.20 0.230 358,30 0,200
0 55CS135 0.3000F 07A

1
 56BA135M PP.70 H 26H.24 15.580

**•* * ' ̂ y y ^ " 1 I J O ' *' ™ II'# ^J "J I* I I •*"•"•"•"•• *j" * -••'•- "•**"*•" -m •'•—• •• •••• •*••••«•••«•-•••••' —*—~....., «•••< „..*...,.... „ ....,......_ ... ......... „ , ,

51SB136 0.8200' S
52TP136- 20.90 - 5 ~R- -2077*90—113*000 - - 332*60 100.000 578.60 98.000 2569.40 e2.000 3235,10 80.000
53 I136M 48.00 S P 1313.00 100.000 3el.3O 90.000 197.30 85.000 370.10 19.000

53 1136? 0^.00 S 1313.00 69.300 1321.10 30.492 2289.00 12.474 2634,20 . 8.316 2415.00 7,623
*- 55CS136 13i 1 0 J 018i50 99.70ft -1048*07 1**7*0 340.57 - 46.753 1235*34 19.780 176.56 13,586

56BA136M 0.32H0 S w 163.70 100.000 Hie.00 100.000 1050.00 1.00.000
SiSo*"?' 0»j OOdp OOri •....-.-. -.„..._..— ...
52TE137 3.500 S R ?43.0« 100.000

S3 1137 ?4.*0 S P 1210.60 100.000 600.50 51.000 1302.80 41.000 1216.90 36.700 1426.80 25,100
- 54Xei 3T 3.830 - * 455;4*4 »1 ;ROO 849*00 - 0*725. 1783.40 0*487 2850*00 0.242 1273.20 0,238
&5CS137 30.17 A • .

— S6BA137M-- 2.552 M- 661*fr4 - 09^930 -- - - - - " - .- =' ' - •
51SB136 0.1000E 00S

?2TE13,8 1.600 S
- 53 1138 6.4*0 - S ~ «S8«i87: 97.660 875*29 10*165 — 403.67 7.032 1009.50 5.664 1277,70 •••' 4»883
F-4XE138 I A.17 V 250.31 P9.000 434.49 19,400 1760.26 Jβ.600 2015.B2 13.700 2004.75 6.100

• SS'CSV38M "P.900 M " 1435.06
 l

?5*00O -- 46?.O0 "24>625 191.90 - 20.000 1J2.50 2.000 324.30 1,550
S5CS136F 1P.P0 H 1435.06 76.300 462.79 30.749 1009.78 29.033 22J0.00 15.184 546.94 10,758

S2TET39 0.7000 S
' 53 1139 2.610 S R- ri?7.00" JOO.nnO 571.10 6O.OOO 536.00"~ 5O.OOO 047.90 50.000 258.40 30.000
54XE139 39.70 S 218.59 56.830 296.S3 2?.107 174.92 21.027 2P9.78 9.343 393.50 6.820
S5CSJ39 8.9&0 •- M 1283.30 0.0?0 627.30 1.045 l'.?0.O0 0.930 2100.00 0.642 2111.00 0.642
S6BA139 8?.70 M 165.85 10.000 1420.50 0.302 1254.70 0.047 1090.80 0.019 1310.60 0.018
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Annex No. 3

COMPARISON OF ENDP/B IV AND THE FRENCH FILE

C. Fiche, J. Blachot (<3EAtFrance)

Dr. England (Los Alamos Scientific Laboratory) send to us a

routine written on a magnetic tape that was interpreted and contained

informations identical with that in Table VII in ENDF-223.

The table V (ENDF-223) lists the few changes from the original

ENDF/B IV, and also some notes added by Dr. England.

A table similar to ENDF/B IV was obtained by computer program

from the French File. The two tables were compared, and results are

given in tables 1 to 3»

All the differences are given in percentage relative to the greater

value.

+ means data in FF is greater than data in ENDF

- means data in FF is smaller than data in ENDF

T A B L E 1
242 Nuclides with experimental data in both f i l e s .

T A B L E 2

301 Nuclides with partial or without experimental data.

T A B L E 3 A)

Nuclides only the French File.

T A B L E 3 B)

Nuclides only on the ENDF/B IV f i l e .

- 83 -



TABLE V (ENDP-223)

1 2 6 S n

1 2 9 f f l T e

130m,Sb

131

166

NUCLIDES HAVING TYPOGRAPHICAL OR SUSPECTED ERRORS
IN ENDF/B-IV FISSION-PRODUCT FILES

Corrected In
Table VII

yes

yea

yes

yes

yes

5O

1 3 3
Sb

U6
Cs

1 3 8 n
Cs

W 0
L a

1 4 2
L ,

1 5 2 a
P »

yes

yes

no

yes

yes

yes

yes

Comments

- 9.35 105eV.

Normalization factor (F) • 0 (F should be
1.8535 x 10~ 2 ) , and typographical errors in
spectra.

T l / 2 " ' 3 * 1 5 5 6 9 x 1 0
12

s.

Internal conversion energy of 0.668.2 x 10 eV
added to E . (F-0.10051)

Eγ too small (Eγ s 3.04 x 10 eV). Change
normalization to 1.17717.

I" - 1.7025 x 10
6
 eV.

Eγ too large (Eγ S 2.5 x 10 eV). Change nerra-r

alization to 3.87351 x 10"
1
.

E includes some y energy from Ba.

Eγ too small (Eγ S 2.6 x 10 eV). Change

normalization to 1.23827.

(E,̂  S
to 1.

too small (Ê , S 2.3 v 10 eV). Change

Er yes

Eγ too large (Eγ SB 2.4 x 10° eV). Change
normalization to 0.045^54

¥g too small (Eg ^ 0.9 x 10 eV) and beta in-
t e n s i t i e s do not sum to 1.0. Change normal-
ization to 2.14551.

0(0.0253 eV) too large (a s= 20 b>.

Note 1: The table l i s t s changes based on first BNL tape.
The later issue corrects 126sn, 97y and 1°4Rh.

98Zr should decay 100$ to 9 % b , not to 98mtfb.

11^Cd and 99TC have no MT 457 and therefore are stable
by implication in ENDF/B-IV. The correct half lives are
listed in the attached Table VII (but not in ENDP-223t

LA-6116-MS).

Since the publication of ENIF-223, LA-6116-MS, users
have suggested:

a) Q value for 97mgc should be 9.6E+4

b) 11On*Ag and 110Ag half lives should be interchanged

c) either the branchings for ^^Sn to ^ Sb isomers
should be interchanged, or the halflives of the
'3^Sb isomers (and associated data) should be
reversed
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Differences (in

T A B L E 1

"between the data in the French File and in ENDF/B IV for the 242 nuclides with
experimental data in both files

(EBMT average beta energy per decay
EGT total gamma energy per decay
NDK number of decay modes
RTYP type of decay
Q Q-value
B branching fraction for decay mode)

NUCLIDE

30-ZN-i
| 31-GA-

00 3n-2N-
11-GA-

1 It-GA-

32-GE-
31-GA-
33-AS-
32-GE-

3?-GE-
31-AS-

3?-GE-
33-AS-
32-GE-
33-AS-

33-AS-
34-SE-
33-AS-
33-AS-
35-BR-

35-8H-
34-SE-

7 2
7 3

7 4
74
7 5

75F
7 6
7 6
77M

11?
7 7

7 8
7a
7 9
7 9

8 0
8 1 F
32M
8 2 F
82H

8?F
83M

Tl/2

0 . 0
0 . 6

0 . 0
0 . 6
9 . 5

-0.0
1 . 8
0 . 1

-0.6

0 . 0
0 . 0

0 . 0
-0.2
-2.3
-8.9

0 . 0
0 . 0

-2.3
9 . 5
0 . 5

0 . 1
0 . 6

E*5MT

-2.9
-3.2

14.5
0 . 0
3 . 9

-4.0
-10.3

-4 .2
-1 .7

-2.1
-6.9

-3.0
-6.8
-0.4
-2.2

-3 .3
0 . 1
0 . 0

-1 .5
-93.3

-4 .6
-5 .2

EGT

10.1
2 . 1

-55.8
0 . 0

23.2

-0.4
6 . 6
4 . 6

-6.1

-2.5
-92.9

0 . 4
20.2

0 . 0
6 . 1

-0.0
-7.7
23.1
27.7

-14.5

-1.4
4 . 8

NOK

1
2

1
1
2

1
1
1
2

1
2

1
1
1
2

1
1
1
1
2

1
2

RTYP

1 . 0
1 . 0
1.1
1 . 0
1 . 0
l . b
1 . 1
1 . 0
1 . 0
1 . 0
1 . 0
3 . 0
1 . 0
1 . 0
1.1
1 . 0
1 . 0
1.0
1 . 0
1.1
1 . 0
1 . 0
1 . 0
1 . 0
l . C
3 . 0
1 . 0
1 . 0

Q

0 . 2
1 0 0 . 0

0 . 0
6 . 0
0 . 0
0 . 0

-O.O
- 1 . 3

4 . 0
-0.4
-1.6

0 . 4
-2.1

O . I
18.2

O.O
0 . 9
0 . 0

100.0
5 . 9

-5.0
0 . 2
0 . 0
0 . 0
0 . 1
0 . 0
0 . 1

-2.2

B

-0 .0
100.0
-0.0
-0.0
-0.0
-0.0
-0 .0
-0.0
-0.0
-0.0
-0 .0
-0 .0
-0.0
-0.0
11.8
-0 .0
-0 .0
-0.0

100.0
-1 .3
-0.0
-0.0
-0.0
-0.0

-91.7
2 . 2

-0 .0
-0.0

34-SE-
35-8R-

34-SE-
35-BR-
35-3R-
34-SE-
36-Ktf-

36-KR-
35-8R-
37-RB-
36-KR-
35-3H-

3(S-KR-
37-R8-
36-XR-
37-RB-
36-<K-

37-3B-

37-MB-
39- Y-

39- Y-
37-Rd-

8 3 F
8 3

8 4
8 4M
8 4 F
8 5
85M

8 5 F
8 6
8 6 F
8 7
8 8

8 8
8 8
8 9
8 9
9 0

90M

9 0 F
90M

9 0 F
91

0 . 4
-0.4

-6.1
0 . 0

-0.0
-IV.5

0 . 0

-0 .3
- 1 . 8

0 . 8
0 . 4
2 . 5

0 . 0
0 . 4
0 . 6

- 0 . 3
0 . 1

- 2 . 3

-5 .6
2 . 8

0 . 2
0 . 0

4 . 2
-1 .5

-0 .8
-21.0

2 . 7
21.3
- 1 . 0

-10.2
23.5
-2 .3
-0.1

-19.5

32.8
-0 .4
-0 .5

0 . 0
9 . 6

11.6

11.8
-9.9

0 . 0
36.6

- 8
90

- 0
0

- 3
- 4 6

21

- 0
- 1 7

0
0

3 8

- 1 1
1

- 4
- 0

- 7 0

- 7

-100
0

9 2
- 5 6

. 8

. 9

. 0

. 6

. 8

.?.

. 0

. 9

. 6

. 0

. 1

. 5

. 6

. 4

. 2

. 8

. 0

. 3

. 0

. 8

. 0

. 3

1
2

1
1
1
1
2

1
1
1
1
2

1
1
1
1
2

2

1
3

1
1

3 . 0
1.0
1.0
1.1
1 . 0
1.0
1 . 0
1 . 0
1 . 0
3 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
5 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 0
1 . 1
1 . 0
3 . 0
1 . 0
1 . 0

- 1 . 1
3 . 0
1 . 0
1 . 0

100.0
1 . 0

100.0
4 . 4
0 . 4

-5.4
0 . 1

-0.8
0 . 1
0 . 1

-0.0
0 . 0
0 . 1

- 0 . 1
-8 .0
11.3
- 0 . 6

0 . 2
0 . 0
0 . 0

- 0 . 5
- 0 . 5

0 . 0
0 . 5
0 . 0

100.0
-100.0

- 0 . 4
-0 .0

0 . 4

1O0.O
-o.o

loo.o
-o.o
-0.0
-0.0
-0 .0
-o.o
- 1 . 0

3 . 6
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
— J . 0
- 0 . 0
- 0 . 0
- 0 . 0
- 0 . 0

0 . 0
2 . 7

-52 .0
- 0 . 0

100.0
-100.0

-o.o
-0.0
-0.0



TABLE 1 cont'd

1

oo
«T>.

1

NUC'.eiDE

38-S«- 91

39- 1- 9lF

&-<*- 92

37-R.-)- 92

36-S-4- 92
3<i- Y- 92
16-KR- 93

37-^rf- 93

33-5R_ 93
3^- Y- 93F
37-PB- 94

33-Srt- 94
39- Y- 94
4l-!ja- 94M

4J-f;B- 94F
3^-SR- 95
39- Y- 95
1D-2R- 95

41-N3- 95F
3^- Y- 96F
41-N3- 96
3!»-SR_ 97

3<?_ y- 97p

40-Zrt- 97

4l-Nrf- 97F
39- y- 99P

41-.1B- 98M
41-^?- 93F
4 2 - M O - 99

41-N3-100F
43-TC-100
42-MO-101
43-TC-lOl
43-TC-102H

43-TC-102F
43-TC-103
44-SU-103

43-TC-l14
45-RW-104H

A'S-'VH-l 04F

43-TC-105

Tl/2

0.0

-0.2
4.2

-l.l

0.0
0.0

-5.S

1.5

-2.7
-1.0
-0.7

0.7
-1.6
0.0

1.2
7.1
0.9

-2.3

0.1
-92.8

0.0
53.">

70.0

1.2

-2.2
53.8

0.6
2.1
0.0

-37.5
-1.2
0.1
0.0
4.4

-5.7
7.7

-0.6

1.1
-0.2

0.7

-3.8

EB^'T

0.0

-2.6
-0.2

1.5

0.9
-0.1
2.H

9.6

-22.9
-0.0
27.3

3.7
5.9
32.S

-23.6
12.4

-17.5
-0-3

0.4
-69.3
-7.3
12.3

-7.5

-0.3

0.3
2.4

0.0
6.4
1.2

22.0
-3.8
-3.2
-2.4
-0.0

0.0
11.0
-4.4

0.0
-70.2

0.3

9.4

EOT

32.4

-0.1
-0.1

2.1

0.0
-0.2
-45.7

4.9

32.0
-0.7

-•'1 . 2

-2.6
-22.6

8.5

0.9
-24.1
61.6
0.1

-0.0
63.7
-1.7
0.4

47.2

79.5

-1.5
-50.9

1.5
-43.2
-18.1

-50.6
1.2

-0.8
1.5

-6.1

0.2
-23.1

7.2

25.7
6.7

0.8

-49.4

NOK

2

1
2

2

1
1
2

2

1
1
2

1
1
2

1
1
1
2

1
1
1
2

2

2

1
2

1
1
2

1
1
1
1
2

1
1
2

1
2

2

1

BTYP

1.0
1.1
1.0
1.0
5.0
1.0
5.0
1.0
1.0
1.0
5.0
1.0
5.0
1.0
1.0
1.0
S.O
1.0
1.0
1.0
3.0
1.0
1.0
1.0
1.0
1.1
1.0
1.0
1.0
1.0

-5.0
1.0
5.0
1.0
1.1
1.0
1.0

-5.0
1.0
1.0
1.0
1.1
1.0
1.0
1.0
1.0
1.0
3.0
1.0
1.0
1.0
1.1
1.0
1.0
3.0
1.0
2.0
1.0

Q

0.0
0.1
0.0
0.0

ion.o
1.6

100.0
0.0
0.0

-5.5
-20.6
17.5
30.8
1.0
0.0
5.4

34.2
2.0
0.0

-0.6
0.6

-0.2
4.M
0.0

-0.1
-0.2
-0.0
1.7

-0.1
4.1

-100.0
14.5

100.0
-0.5
-0.8
-0.0

-10.4
-100.J)

-O.*3
6.2

-0.0
1.3

-l.l
-5.0
-0.1
0.1

-1.9
100.0

0.0
0.0

100.0
0.2

21.3
-0.1
-0.0
-0.1
100.0
-6.2

D

-38.7
22.2
-0.0
-0.0

-20.0
0.0

-0.0
-0.0
-0.0
-0.0
-0.0
0.5

-28.4
-0.0
-0.0
1.3

-10.8
-0.0
-0.0
58.3
-0.3
-0.0
-0.0
-0.0
0.6

-50.0
-0.0
-0.0
-0.0
0.1

-100.0
-0.0
-0.0
0.0

-0.0
-0.0
0.5

-100.0
-0.0
-0.0

-12.4
1.9

-0.0
-0.0
-0.0
-0.0
-5.0
100.0
-0.0
-0.0
100.0
-0.3
-0.0
-35.0

0.1
-0.4
75.8
-0.0

NUCLFIDE

4«-RU-105

45-3H-105F
45-RH-106M

4S-RH-106F
44-RU-107
45-RH-107
44-RU-lOB
45-RH-lOBM
•5-RH-10BF
•7-AG-108F

45-RH-109

46-P0-109F

45-RH-110H
47-AG-110M

47-AG-llOF

46-PD-U1M

*6-P0-lllF

47-AG-111F
46-PD-112
47-AG-112
46-PD-113

47-AG-113F

48-CO-113M

46-P0-114
47-AG-114F
49-IN-U4F

47-AG-115F

48-C0-115M

48-C0-115F

49-IN-115M

47-AG-116M

47-AG-116F
49-IN-1l£F
48-CO-117M

49-IN-117F
47-AG-118F
4<)_ JN-1 l£H

Tl/2

-0.9

-0.4
0.0

0.0
7.7
0.0
0.0
0.0

-1.2
0.0

-11.1

0.0

89.5
100.0

-100.0

0.0

0.0

0.1
0.1

-0.3
9.6

1.3

-4.4

2.0
-2.2
0.0

-4.8

0.4

-0.9

-4.4

-1.1

-0.0
-0.7
2.9

-9.1
94.6
98.1

FBMT

0.5

0.0
0.0

1.7
-0.0
0.0

-0.6
0.4
2.7
18.9

18.6

0.0

-45.8
-1.7

2.1

-14.?

-0.1

-O.I
-0.3
-0.0
28.1

25.4

15.0

-6.8
1.1

-23.4

13.1

23.6

0.7

19.9

-1.6

-7.9
29.2

-66.0

-39.5
14.0

-64.6

EOT

-1.6

0.4
7.4

1.3
54.2
1.3
12.6

-15.3
-51.0
-94.6

-35.8

-100.0

97.5
-1.1

-7.4

-26.8

99.3

-2.0
-75.7

2.3
-94.6

-88.1

-99.8

-96.6
24.9

-99.5

-3.7

-91.3

-25.2

-1.7

-30.9

23.3
-97.5
62.4

50.4
-3.1
91.9

NO*

I

1
2

1
1
1
1
1
1
2

2

2

1
2

2

3

2

1
1
1
2

2

2

1
1
2

2
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T A B L E 2

Comparison between the data in the French File and
ENDF/B-IV ($) for the 301 nuclides with partial or
without experimental data

(Explanations see Table l )

mjCLEIDE

co-
GA-
CU-
ZN-
GE-
ZN-
GE-
ZN-
ZN-
GA-

SE-
ZN-
GA-
7N-
GA-

SE-
SE-
8«-
GA-

GE-

B*-

GA-
GE-
AS-
SE-

KR-

K«-
GA-
GE-
GA-
GE-

A5-

KH-
GA-
GE-

AS-

GE-
AS-

B4-

GE-
AS-

SE-

Hd-

72
72
73
73
7 3M
75
75M
76
77
77

7 7M
78
78
79
79

79H
79F
79M
80

80
80M
80F

81
81
81
81M

81*

81F
82
82
83
83

83

83M
34
84

84

85
85

85

86
36

<*6

46M

Tl/2

-91.7
0.0

-87.3
0.0
0.0
11.8
-1.2
5.3
0.0

-2.3

0.0
-34.1

3.7
-8.4
4.7

0.5
-0.3
0.4
0.0

2.0
0.0
1.1

42.7
0.0
10.6
-0.0

-2.3

-0.3
74.4
0.0

52.4
0.0

-1.5

0.0
50.6
0.0

-6.9

41.5
1.0

1.6

0.4
-11.1

-3.6

-0.1

F8MT EGT NDK RTYP

1
1
1
1
1
1
1
1
1
2

1
1
1
1
2

1
1
1
2

1
1
2

1
1
1
2

2

1
1
1
1
2

2

1
1
2

2

1
2

2

1
2

2

1

1.0
1.0
1.0
1.0
3.0
1.0
3.0
1
]
1
]
;
1
1
]

1.0
1.0
1.0
l.l
».o
1.0
1.0
1.0
1.0

-5.0
3.0
1.0
3.0
1.0

-5.0
1.0
3.0
1.0
2.0
1.0
1.0
1.0
1.0
3.0
1.0
3.0
2.0
1.0
1.0
1.0
1.0

-5.0
1.0
1.1
3.0
1.0
1.0

-5.0
1.0
5.0
t.O
1.0
5.0
1.0

-l.l
1.0
1.0
S.O
1.0

-1.1
3.0

-0.
0.

• 0.
3.

-0.
-3.
0.

-0.
-4.
11.
-1.

-35.
5.
1.
0,

10.
-100,
-61,
-7,
-1.
-a.

-100.
29.
-1.
0.
0.

-?.
-1.
0,

100,
0,

100,
0,

-5,
0,
0,
0
?,

-100
11
12
-0
0

-10
-100

-0
49
2
0
0

100
-100

1
-10
17
3

-100
0

A
0
0
?
4
9
1
5
4
0
3
2
,7
,7
,0
.4
,0
,8
,ft
,3
.9
.0
,i
,?
.0
.1
.8
,4
.0
>0
.1
.0
.0
.3
.0
.0
.0
.2
.0
.5
.6
.6
.0
.3
.0
.9
.6
.4
.0
.1
.0
.0
.7
.3
.3
.4
.0
.0

-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.
0.

-0.
-0.
-0,
-0,
-0,
0,

-100,
-0.
-0.
-0,
0,

-1Q0.
-0,
-0.
0,

- 4 ,
-0.
- 0 ,
-0,
100,
-0,
100,
-0,
-0,
-0,
-0,
-0,
0,

-100
-35
16
-0
-0
9

-130
-;
-0
-0
-3
13

100
-100

-0
-0
-0
50

-100
rO

n
0
0
0
0
0
0
0
,0
0
.0
,0
.0
,0
.0
,1
,0
.0
.0
.0
,9
.0
.0
.0
,4
.7
.0
.0
.0
.0
.6
.0
.0
.0
.0
.0
.0
.2
.0
.0
.*
.0
.0
.6
.0

.0

.p

.0

.0

.0

.0

.0

.0

.0

.0

.0



TABLE 2 c o n t ' d

CX)

NuCLEIDt

-AS-

-SE-

-3H-

-RB-
-SR-

-Ab-
-S£-

-SE-

-9»-

-5 f t -
- y -

-SE-

-S£-

-33-

-X*-

- Y -

-SE-

- Y-
-Z*-

-Mβ-

-sa-

-NB-

-Pβ-

-s»-

-zn-
-Rβ-

37

37

97

37
97M

Iβ

89

89

89
89M
90
90

90

91

91

91
91*
92
92

93M
93

93M

94.

95
95

95M
96

96
97

97M

93

93

98
99

ri/2

O.it

3.4

-0.2

0.1
0.7

31.6
1.1

0.0

1.1

-2.4
2.2

-63.9
1H.4

-0.3
0.0

31.7

-9.8

-l.S
0.0

-59.6
17.8

-99.6
37.7

26.6
-4.a

-80.0
0.0

-0.0
26.1

-77.5
1.2

10.0

-6.4

-23.5

-1.0
0.0

ECT

-SR- 99 6 . 7

2

2

2

1
2

1
2

2

2

1
1
1
2

1
1
2

2

1
1
1
2

1
2

1
2

1
2

I
2

1
2

2

2

2

1
2

2

RT YP

1.0
5.0
1.0
5.0
1.0
5.0
1.0
2.0
3.0
1.0
1.0
5.0
1.0
5.0
1.0
5.0
1.0
3.0
1.0
1.0
5.0
1.0
3.0
1.0
5.0
1.0
5.0
1.0
3.0
1.0
1.0
5.0
3.0

1.0
1.1
3.0
1.0
5.0
1.0
1.0
5.0
3.0
1.0
5.0
1.0
1.0
5.0
1.0
3.0
1.0

-5.0

1.0
-5.0

1.0
1.0

-5.0
1.0
5.0

0

0.0

0.1
0.0

2H.3
5.4

100.0

-2.3

6.1
0.2

-lfl.l
0.0

69.9
0.0

-1.9
-7.4
11.4
-0.0
-0.1
0.0

4.1
-17.4

0.0
0.0
0.0

100.0
0.0
6.6

1.3
-0.0
0.0

0.0

0.3
67.0
22.2
34.0
-0.0
0.0

1.5
2.1
8.4

39.2
-0.4
7.5
0.0

19.4
0.3

-23.6
100.0
0.0
0.0

-100.0
7.6

-100.0
44.2
0.0

-100.0
0.0

100,0

11 .0
-100.0

-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
0.0

-0.0
-0.0
-0.0
0.0

-0.0
-0.0
-0.0

-12.0
46.9
-0.0
-0.0

-21.0
'. on.o
-3.1
29.1
-0.0
-0.0
-0.0
26.0

-100.0
-0.0
-0.0
-0.0
-0.0
-3.9
45.7
-0.0
-O.C
-0.0
-0.0
-0,0
-0.0
-0.0
1.2

-0...5

100.0
-0.0
26.0

-100.0
0.5

-100.0
-0.0
37.0

-100,0
-2,2
100,0

>IUCl_FI0E

- Y- 99

-ZH- 99
-Mβ- 99M
-N3- 99F
-TC- 99M
- Y-100
-ZR-10O

-N8-10OM
- Y-101
-za-ioi
-NH-101
- Y-102
-ZW-102
-NQ-102
-MO-102
-ZH-103
-Ne-103
-MO-103
-Hri-l03M
-ZR-104
-Md-104F
-MO-104
-N8-105
-MO-105
-RH-105M
-NH-106
-MO-106
-TC-106
-RU-106
-MO-107
-TC-107
-PD-107M
-PU-107F
-MO-108
-TC-108
-AG-108M

-TC-109
-HU-109F

-PU-109M
-AG-109M
-CO-109

-MO-110
-TC-110
-RU-110
-RH-U0F
-RU-111
-HH-lll

-4G-11JM

•CO-lllM
-TC-U2
-HU-112

Tl/2

46.7

0.0
3.e
6.7
0.0
5.S
0.0

22.3
-10.0
-39.4

1.4
45.S
-97.2
33.3
3.5

-43.5
-90.4
11.8
0.2

-97.4
-20.0
-37.S

35.7

-33.3
17.fl

46.5
-8.9
-2.7
-0.0

-45.2
-26.9

3.2
-0.3
0.0

-3.3
-2.6

-97.2
-1.4

0.0
0.0

-0.2

-89.4
-1.2

-21.2
-88.6
-80.5
-82.5

12.2

1.8
-66.2
80.6

EBMT EOT NO*

2

1
1
1
1
1
2

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2

1
c

1
1
2

1
1
1
1
1
2

2

1
1
1

1.0
5.0
1 .0
1.0
1.0
3.0

-

1.0
1 .0

1.1
L.O
1.0
I .0

L.O
1 .0
1.0
• . 0

1.0
L .0

1 .0

L.O
3.0
1.0
1.0
1.0
1.0
1.0
3.0
1.0
1.0
1.0
1.0
1.0
1.0
3*0
1.0
1.0
1.0
2*0
3.0
1.0
1.0

-1.1
3.0
3.0
2,0
2.1
.0
.0
.0
.0
.0
1.0
1.1
1.0
3.0
3.0
1.0
1.0

-1
-100

-1
-15.
-1.
- 0 .

0.

22.
-100.

-1.
1.

-6.

-0.
1.

-21.
-3.
13.
2.
3.

-1.
- 0 .

-28.
3.

22.
5.

- 0 .
- 0 .

2.
6.

-3.
- 0 .
0.

-14.
1.

-5.
H.
1.
0.

-0.
0.

-1.
-100.

0.

0.
100.
21.
0.

-12.
-3.
0.

0.
-13.
-12.
100.
-8.
-0.
1.

-2.

a
0
2
5
ri
0

0
0

n
7
9

2
7
5
1
6

<s
8
7
0
4

3
I
3
6
0
4
9

3
0

0

6
9
4

6

B
4

2
0
1
0
5
4

0
1
0
9

7
0

9

8
7
0
0
0
2
7

2.6
-6-3.4
-0.0
-0.0
-0.0
-0.0
-0.0
50.0

-100.0
-o.o
-o.o
-0.0
-0.0
-o.o
-0.0
-0.0
-0.0
-0.0
-o.o
-0.0
-0.0
-o.o
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0

-0.0
-0.9
9.4.

-0.0
50.0

-100.5
-0.0
-0.0
100.0
-3.0
-0.0
-0.0
-0.0
-0.0
-0.0
0.4

-100.0
100.0
-0,3
-0,0
-0.0
.-0.0



TABLE 2 cont 'd

tOt Tl/2 EGT no* OTYP

1
vo
o
1

-PU-113
-Rrt-113
-AG-113M

-Prt-114
-IJ-114M

-P0-115

-A6-115M

-PU-U6

-IN-116M

-IN-116*

-P0-117

-AG-117M

-AG-117F

-CJ-117F

-IN-U7M

-S'<-1171
•PO-llS

-i'i-H3M

-CO-!18
-IN-H8N

-PD-119
-iG-119

-C-3-119M

-I-J-119F

•• 5(* ̂  "• 1 1 9 ^
— z> 3 — \ 2 0
-CO-120

-CO-121F

-IN-121M

-AO-122

-6-1. I
7.8
0.0

-O.S

U.O
-76 .S

- 0 . 0

-21.1

0 . 0

-100.0
-2.9

-99.9

99.9

0 . 0

0.7

-0.7

0 . 0

-0.5

0.0
0.0

-30 .0

- 0 . 0
0.0

-35.7
-65.0

-42.7

11.8

0.0
-91 .8

0.0

-73 .3
- 6 . 2

12.2

1.0
93.3

1
1
1
3

1
1
2

2

2

1
2

2

2

2

2

2

2

2

1
2

2

1
3

I
2

2

2

1
1
2

t
2

2

1
1

1.0
1.0
1.0
1.0
1.1
3 . 0
3 . 0
1 . 0
2 . 0
3 . 0
1.0
1.1
1 . 0

- 1 . 1
1 . 0
1 . 0
1 . 1

- 1 . 0
3 . 0
1 . 0

-3 .1
1 .0
1.1
1 . 0

-1 .1
1 . 0
1 . 1
1 . 0
1 . 1
1 . 0
3 . 0
3 . 0
1 . 0
1.1
1.0
3 . 0
1.0
1.0
3 . 0

-3 .1
1.0
1.0

-1 .1
- 1 . 0

1.1
1 .0
1.1
3 . 0
1 . 0
1 . 0

- 1 . 1
1.0
1.0

- 1 . 1
1.0
3 . 0
1.0
1.0

2 . 2
0 . 6
1 .5

- a . 4
-9 .8

100.0
-0 .3

2 . 7
0 . 4

-0 .0
1 .9
7 . 4

-9.4
-100.0

0 . 6
- 7 . 4

1 . 5
-100.0

10 0.0
100.0

-100.0
0 . 0
4 . 4

- 0 . 9
-100.0

-3 .7
- 0 . 6

0 . 2
0 . 6

- 0 . 8
0 . 4

- 0 . 8
0 . 0
3 . 3

- 3 . 6
-48 .9

-7 .5
100.C
100. C

-100.0
-3.2
- 1 . 5

-100.0
-100.0

0 . 0
-6 .4
- 6 . 3

0 . 6
- 1 . 5
-3 .4

-100.0
-12.7

-5 .3
-100.0

-4.6
\00.0

1 . 6
-8 .4

-0.0
-0 .0
-0 .0

2 . 2
-68.9
100.0
-0 .0
-0.0
-0.0
-0.0
-0.0
-0 .0
27.0

-100.0
-0 .0
50.0

-100.0
-10O.0

100.0
100.0

-10O.O
50.0

-100.0
50.0

-100.0
-0 .0
-0 .0

7 . 9
-0 .6
-0 .0
-0 .0
-0 .0
50.0

-100.0
8 . 5

-10.9
-0 .0

100.0
10Q.0

-100.0
- 0 . 0
50.0

-100.0
-100.0

50.0
5 . 0

-100.0
-0 .0
-0 .0
50.0

-100.0
-0 .0
18.0

-100.0
-1 .2

100.0
- 0 . 0
rO.O

NUCLF.IDE

- I-133M
-XE-133M
-SM-134
-SH-134M

-SH-134F

- I-134M

-CS-134M

-SN-135
-S9-135

-TE-135
-XE-135M
-CS-135
-BA-135M
-SN-136
-SB-136
-TE-136

- I-136M
-8A-136M
-Sd-137
-TE-137

- 1-137

-CS-137

-BA-137M
-SB-138
-TE-138
-TE-139
- 1-139

-TE-140
- 1-140

-XE-140
-TE-141
- 1-141

-8A-141
-XE-142

-C5-142

-CE-142
-PR-14274
-XE-143

-CS-143

• P B - U 3

Tl/2

0.0
-1 .8
18. 8

-92.1

91.7

5 . 3

0 . 3

F.8MT EGT NOK

-31.
0.

0.0
2.?

23.1
0.0

-51.6
71.«
-0 .5

0.0
3.8

-64.7

0.0

0.0

-0.1

0.1
-23.3

-2 .5
39.5
8.0

-33 .5
-31.4

0.0
57.1
16.7

-1.6
0.0

0.0

100.0
0.0

68.6

4.5

-11 .8
0.1

1
1
1
2

2

2

2

1
2

1
1
1
1
1
1
2

1
1
1
2

2

2

1
1
2

1
2

1
2

1
1
2

1
2

2

1
1
2

2

1
I

3 . 0
3 . 0
1.0
1.0
5 . 0
1 .0
5 . 0
1.0
3 . 0
1 .0
3 . 0
1 .0
1 .0
5 . 0
1.0
J . O
1 . 0
3 . 0
1 . 0
1 . 0
1 . 0

-5 .0
1 .0
3 . 0
1 . 0
1 . 0
5 . 0
1 . 0
5 . 0
1.0
1.1
3 . 0
1 . 0
1 . 0
5 . 0
1 . 0
1 . 0
5 . 0
UO
1.0
5 . 0
1.0
1 . 0
1 . 0
5 . 0
1 . 0
1 .0
5 . 0
1 . 0
5 . 0
4 . 0
3 . 0
1 .0
5 . 0
1 .0
5 . 0
1 .0
1 .0

64.0
-0 .0

0 . 0
-1 .1

100.0
0 . 0

100.0
100.0

0 . 2
100.0

O.H
0 . 0
0 . 0

51.4
4 . 5

-0 .0
0 . 5
0 . 1
0 . 0
0 . 0

IZ.O
-100.0

10.0
-0 .4
-3 .0

0 . 0
85.6
-4 .7
68.5
-0 .0

0 . 2
0 . 0
0 . 0
0 . 0

100.0
0 . 0

-1.0
9 . 0
0 . 0
0 . 0

-1 .5
13.5
-0 .2

0 . 0
0 . 6
0 . 0

11.4
32.5
-2.3

0 . 4
-9.0

-98.5
0 . 0

-0.5
-1.4
65.9
-1.4

0 . 1

-0.0
-0.0
-0.0
-0.0
-0.0
-0.1

100.0
100.0
-2.0

100.0
- 1 . 0
-0.0
-o.o

0 . 0
- 0 . 0
- 0 . 0
- 0 . 0
- 0 . 0
- 0 . 0
- 0 . 0

0 . 5
-100.0

- 0 . 0
- 0 . 0
- 0 . 0
- 0 . 0

0 . 0
- 0 . 0
- 0 . 0
- 1 . 9

0 . 1
- 0 . 0
- 0 . 0
- 6 . 3

100.0
- 0 . 0
- 0 . 0

0 . 0

-o^a
-14.7
23.8
-0»0
-0.0
12.0

-100.0
-0.0
-0.0

- 1 1 . f t
-0.1
26.3
-0.0
-0.0

1.1
-100.0

-0.0
-0.0
-0.0
-0.0



TABLE 2 cont'd

Tl/2 EGT NOK 9TYP

I

- X c - 1 4 4
•dA-1 <»4
•LA-144
•.'iO — 144
• x E - 1 4 5
•C5-145

•CS-146

•BA-146
•LA-146F
•xE-147
•CS-147
•8A-147
•LA-147
•CE-147
•SM-147
•BA-148
•LA-148
•Cc-148
•PH-^ef
•LA-149
CE-\49
•S-1-149
LA-150
CE-150
•PS-150
CE-151
M-151
•Prt-152
rj'J-152
EO-1521

EU-152N

GO-152
P^-153
rjO-153
GO-153
NO-154
PM-154M

•NO-155
?M-155
?M-156
EU-156
P M - 1 5 7
5M-158
E0-15B
SX-159
TB-160
eu-161
£U-162.
TB-162M
GO-163
GO-164

-65.0
-2.7

5 . 7
-0.3

0 . 0
0 . 5

-0.5

-9.1
17.0

-62.1
-60.9
-67.7
-60.0
-21.4

-100.0
-92.0

23.5
10.4
19.5

-91.3
66.7

-96.0
-38.3
83.1

-50.8
-66.0

0 . 0
-95.2

-0.9
->9.7

82.8

-0.3
-96.1
-79.3

0 . 5
-100.0

-9H.3

-95.4
-89.1
-87.0
-0.0

-9B.5
-95.0

0 . 0
•1.4
0 . 0

-40.6
-98.1
-1.3

-99.4
-99.9

1 1.0
1 1.0
1 1 .0
1 4.0
1 1.0
2 i.O

- 5 . 0
2 1.0

- 5 . 0
1 1.0
1 1.0
I 1.0
1 1.0
1 1.0
I 1.0
1 1.0
1 4.0
1 1.0
I 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1 4.0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
3 - 1 . 0

- 2 . 0
3 . 0

3 1.0
2 . 0

- 3 . 0
1 4.0
1 1.0
1 1.0
1 2.0
1 1.0
2 1.0

- 3 . 0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1 1.0
1

I
L

I

1

1.0
1.0
1.0
1.0
1.0
1.0
1.0

0 . 0
7.?.

- 5 . 4
- 3 . 4

-11 .8
0 . 5

-100.0
0 . 0

-10 0.0
0 . 0

-7.ft
- 0 . 4

0 . 4
1.4
5 . 1

- 7 . 2
- 3 . 5

1 .3
0 . 0

11.7
-18 .5

0 . 7

-0.8
-2.9

0 . 8
0 . 0

- 1 . 8
- 1 . 5
- 6 . 4

0 . 5

17.9
-100.0
-100.0

100.0
10O.0
100.0

-100.0
- 4 . 2

2 . 7
2 . 4
1 .6
o.o

-13.9
-100.0

i.e.
- 1 . 0

6 . 4
0 . 0
0 . 0

-3.5
-2.0

5 . 8
1 .6
6 . 3
5 . 9

-19.6
-6 .8
-A.0

-0.0
-0.0
-0.0
-0.0

-o.n
4 . 4

-100.0
3 . 9

-100.0
-0 .0
- 0 . 0
-O.rt
-0.0
-0.0
-0.0
-n.o
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0

-0.0
- 0 . 0

-100.0
-100.0

ion.o
100.0
100.0

-100.0
-0.0
-0.0
-0.0
-0.0
-0.0
10.0

-100.0
-3.0
- : . o
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
-0.0
rO.O



T A B L E 3 a

Half lives of nuclides that are only in the
French Pile

MJCLrIDE
zr-co- 12
23-.'Jl- 72
27-CO- 73
28-r-Jl- 73
27-CO- 74
2 8 - N l - 74
29-CU- 74
27-CO- 75
?3-NI- 75
29-CU- 75
2 3 - N I - 76
29-CU- 76
2 8 - N l - 77
29-CU- 77
2 8 - N l - 7fl
29-CU- 78
29-CU- 79
29-CU- 80
30-ZN- 80
29-CU- 31
3Q-ZN- 31
30-ZN- 32
30-ZN- 83
31-GA- 85

1 34-SE- 85H
35-BR- 86M

JS 32-GE- 87
32-GE- 88

I 33-,'.5- 89
33-AS- 90
34-SE- 93
3<5-aR- 93
35-8«- 94
35-8R- 95
3S-33- 96
36-KH- 96
36-KR- 97
36-KR- 93
37-RB-lOO
33-S«-100
37-RU-101
33-5^-101
38-3^-102
3B-SP-103
39- Y-103
38-5^-104
39- Y-104
39- Y-105
40-ZR-105
39- Y-106
40-ZR-106
37- Y-107
40-ZR-107
4 1-Nβ-I 07
4C-ZS-108
- l--;3-!C3
---Z3-109
&l-.\9-109
4 2-MO-109
i<;-3H-109*f
4 1-.N3-110
4 1-M2-111

n / 2
1.2266E-01
2.4U;3E 0 0
1. 1551E-01
3.93S5E-01
1.0752E-01
6.4B33E-01
5.7315E-01
8.0160E-02
1.7963E-01
7.6657E-01
2.6838E-01
2.2U0E-01
1.0281E-01
2.9458E-01
1.3765E-01
1.2063E-01
1.4744E-01
9.U04E-02
7.1135E-01
7.4469E-02
1.2937E-01
1.3526E-01
8.3858E-02
9.1V71E-02
1.9000E 01
4.5000E 00
1.2551E-01
1.4271E-01
1.2942E-01
9.0087E-02
1.0677E-01
2.0121E-01
1.1050E-01
1.1662E-01
8.3793E-02
4.403BE-01
1.4AS2E-01
2.2430E-01
1.0056E-01
1.0456E 00
1.1330E-01
2.5190E-01
4.1475E-01
1.3859E-01
3.6600E-01
1.9250E-01
1.4422E-01
1.7362E-01
5.5859E-01
9.2921E-02
9.8013E-01
1.0463E-01
2.4347E-01
6.694 3E-01
4.0762E-01
2.??0?=>01
1.3?5.a.;-01
2.13607E-01
1.032BE 00
5.C00OE 01
1.2534E-01
1.5608E-01

NUCLKIDE
42-M0-111

4 3 - r C - l l l
41-NB-112
42-MO-112
4 2-MO-113
43-TC-113
42-M0-114
43-TC-114
44-RU-114
42-M0-U5
43-TC-U5
44-RU-U5
45-RH-115
43-TC-116
44-RU-116
45-RH-116
'V3-TC-U7
44-RU-l17
45-RH-J17
43-TC-118
44-RU-118
45-RH-118
44-RU-119
45-RH-119
44-RU-120
45-RH-120
45-RH-121
46-PD-121
4S-HH-122
46-PO-122
45-RH-123
46-PO-123
46-PD-124
47-AG-124
46-PD-125
46-PO-126
47-AG-126
47-AG-127
48-C0-127
47-AG-128
48-CD-129
48-CO-130
48-C0-131
48-C0-132
49-IN-133
49-IN-134
54-XE-134M
55-CS-135M
57-LA-138
51-S8-139
52-TE-142
53- 1-142
53- 1-143
53- 1-144
53- 1-145
54-XE-146
55-CS-148
62-SH-148
55-CS-149
56-8A-149
55-CS-150
56-8A-1S0

T 1/2
3.9174E-01
1.3350E 00
8.5105E-02
6.8924E-01
1.9715E-01
4.5835E-01
3.2152E-01
1.7340E-01
5.0528E 00
1.1596E-01
2.2249E-01
7.2941E-01
6.0225E 00
1.0620E-01
1.4049E 00
8.3326E-01
1.3523E-01
3.0891E-01
1.0761E 00
7.7217E-02
6.1633E-01
2.9529E-01
1.7711E-01
4.4774E-01
2.9316E-01
1.6241E-01
2.2103E-01
6.2214E-01
1.0533E-01
1.2701E 00
1.3346E-01
3.1002E-01
5.6012E-01
2.6853E-01
1.83O9E-01
2.8703E-01
1.5546E-01
2.0518E-01
6.5903E-01
1.0245E-01
3.3773E-01
5.2403E-01
1.1926E-01
1.4479E-01
1.1392E-01
7.7543E-02
2.9000E-01
3.1800E 03
3.3113E 18
1.7192E-01
4.9127E-01
1.9604E-01
3.2815E-01
1.3270E-01
1.8670E-01
9.3718E-01
2.0163E-01
2.5229E 23
2.7822E-01
9.1747E-01
1.2437E-01
1.7975E 00

T A B L E 3 b

Half lives of nuclides that are only in
ENDF/B-IV

NUCLIDE
29-CU- 71
30-ZN- 71M
30-ZN- 7 IF
39- Y- 96M
39- Y- 97M
39- Y- 98M
43-TC- 98
43-TC- 99F
41-NB-104M
•7-AG-1O7M
44-RU-109M
47-AG-114M
47-AG-12.0M
48-CD-121M
49-IN-129M
50-SN-130M
49-IN-131M
50-SN-131M
53- I-132M
57-LA-146M
59-PR-148M
6S-T0-166
66-DY-167
67-HO-167
66-DY-168
67-H0-168
66-0Y-169
67-HO-169
68-ER-169
66-OY-170
67-H0-170M
67-HO-17OF
69-TM-170

RESTENT 33

T l / 2
1.0000E 00
1.4U2E 04
1.4400E 02
6.0000E 00
1.2100E 00
2.0000E 00
1.3209E 14
6.69B8E 12
4.8000E 00
4.4300E 01
1.2900E 01
1.200n£ 02
3.2000E-01
4.5000E 00
1.2000E 00
1.0200E 02
2.7000E-01
3.9000E 01
5.0160E 03
6.2000E 00
1.340OE 02
5.2000E 01
3.7200E 02
1.1160E 04
5.7600E 03
1.7940E 02
7.1000E 00
2.6400E 02
8.0352E 05
9.6000E 01
1.6800E 02
4.30O0E 01
1.1232E 07

NUCLEIOES SUR FICHIE.R 1

NUCLEIDE

56-BA
57-LA
S6-0A
57-LA
58-CE
61 -PM
57-LA
58-Ct
57-LA
58-CE-
59-PH-
57-LA.
SO-CE-
59-PR-
5H-CE-
59-PR-
60-ND-
58-CE-
59-PR-
60-NU-
59-PR-
60-ND-
61-fM-
59-PR-
60-M0-
61-PM-
60-ND-
61-PM-
62-SM-
60-NO-
61-PM-
•S2-SM-
61-PM-
62-SM-

63-EU-
62-SM-
63-EU-
62-SM-
63-EU-
64-G0-
66-0Y-

-151
-151
-152
-152
-152
-152N
-153
-153
-154
-154
-154
-155
-155
-155
-156
-156
-156
-157
•157
•157
•158
•158
•158
•159
•159
159
160
160
160
161
161
161
162
162
163
163
164
164
165
165
165
165N

T 1/2

4.3684E-01
9.S359E-01
7.54fl4E-01
3.0940E-01
1.4034E 01
1.0800E 03
4.3713E-01
1.7251E 00
1.7533E-01
3.5909E 00
l«3072E 00
2.2155E-01
7.1253E-01
1.P907E 00
1.1624E 00
5. 1044E-01
5.8494E 01
3.6169E-01
6.7790E-01
4.14RHE 00
2.C290E-01
7.8086E 00
3.0012E 00
3.1A08E-01
1.4078E 00
4.2296E 00
2-1207E 00
9.9631E-01
3.4913E 02
5.5577E-01
l.lflP2E 00
1.2875E 01
3.99B6E-01
1.9598E 01
2.5631E 00
1.48OE 01
4.2471E 00
2.1701E 00
9.2740E-01
2.5483E 00
1.0022E 02
3.2000E 01



Annex n 4

Half' lives of fission products from the

ENSDF file, July 1977

W.B. Ewbank, OHNL, USA

Table 1 Sorted by nuclides

Table 2 Sorted by half lives (only half lives >1 ms are listed here)

Table 1

Fission product half lives sorted by nuclide

Vocleus

" « M
" G a
" G a
" G S
" G a
" G e
" G β

" G β

" Z n
" G a
" G e
" G β

" G β

" Z n
'•Ga
'•Ga
'•Ga
'•Ge
'•Gβ
'•Zα
" A S
" A s
" A s
" A s
" A s
" A s
" G a
" G e
" G β

" Z n
'•As
'•As
'•Ga
'•Ge
'•Gβ
'•Zn
" A s
" A S
" A s
" A s
" A s
" G a
" G e
" G β

" S β

" S β

" S β

" S β

" Z n
'•As
'•Ga
' • G β
" S β

<o:-i« ns
0.59 ns 3

39.86 as 13
39.2 ns 7
14.1 h 2

2.8 ps 7
3.3 ps 4
0.43 μs 2

46.5 h
4.91 h 5
0.53 s S
2.95 ps 5
1.60 ns 14

23.5 s 10
< 0.5 pS

8.1 • 1
9.5 s 10

11.8 ps 11
5.4 ps 8

95 s 1
1.3 f s 4
1.7 ns 1

17.53 BS 8
0.28 ns 1

11.8 ps 7
0.37 ns 3
2.17 • 10

82.73 a 4
48.3 s 6

9 s 2
26.32 h 7

1.93 ps 6
27.1 s 2
18.2 ps 4

9.1 ps 10
5.7 s 3

38.8 h 3
75 ps 15

1 16 |is 4
0.48 ns
7.4 ns 3

17.1 s 15
11.30 h 1
54 s 1
23 ps 2

9.3 ns 4
27 ps 7
17.5 s 1

1.4 s 3
90.7 • 2

4.8 s 13
87 • 1

2.8 PS 3

E(level)

208.42 5
161.44 7
119.53 8

16.44 S
0.0

1453.93 4
834.01 2
691.2 2

0 . 0
0 . 0

66.70 2
13.26 2
68.75 1

0.0
56.5 1

0 . 0
59.7 2

595.88 4
12Q4.31 4

0 . 0
76»6 5

4C0.646 9
303.916 12
279.528 8
264.651 8
198.S96 7

0
0 . 0

139.3 2
0
0 . 0

46.043 9
0 . 0

562.92 3
1108.45 4

0.0?
0 . 0

631.8 4
475.0 3
264.5 5
194.9 •»

0 . 0
0 . 0

159.7 1
439.6 5
249.7 5
239.0 5
161.9 5

0.0?
0 . 0
0 . 0
0 . 0

1308.5 1

1 4
1 *

2
3 -
2 *
2 4

0 *
0 4

(3/2) -
1/2-
5/2*

(7/2) •

( 3 , 4 ) -
(4)«

1»
2 4
2 4
0 4

1 / 2
5/24
9/24
5/2-
3/2-
1/2-

(J/2-)
1/2-

(7/2) 4

2 -
(1,2)4

(3-)
2 4
2 4
0 4

3/2-
(5/2)
(9/2)4
(5/2-)
(1/2-)

(7/24)
(1/2)-
5/2-
5/2-
3/2-
7/24

(2-)

0 4

(2) 4
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Table 1 cont'd

nucleus

" S e
" A s
" B r
" B Γ

" B r
" o r
" B r
" B Γ

" B Γ

" B Γ

" G a
" G β

" G β

" S e
" S β

•°As
•°Br
•°Br
" B r
•°Ga
" G β

•°Se
• o S e

" A s
••Br
•«Ge
•»Se
•>Se
" A S
•*As
• *Br
" B r
" O β

" S e
" S e
•'AS
• ' B Γ
• ' B Γ
•'Gβ
• ' K Γ
•'KΓ
•'Sβ
•'Sβ
••AS
••BΓ
••BΓ
••KΓ
••Sβ
" A s
" B Γ

" K Γ

" K Γ

" R b
" B b
" S β

•*Br
••Rb
••Bb
••Sβ
" A S
" B Γ

" K Γ

•^B b
• ' R b
•^Sβ
••BΓ
••KΓ
••Bb
" s e
• • S Γ
••SΓ
•*Br
•»Kr
•»Rb
• •Sβ
• • S Γ
•»Sr
9 0 BC
*°Kr
• ORb
• ORb

8.8 ps 5
9.01 a 15
0.20 ps 3
2.0 pa 2
1-3 ps 3

13 ps 3
8.3 ps 17

34 ps 23
ii.88 s 5
1.2 ps 2
3.00 S 9

19.1 s 3
42 s 2

< 65000. r
3.91 a S

16.5 s 3
17.4 a 2

7.37 DS 21
4.42 b 1
1.7 s 2

24.5 s 10
7.7 ps 2
1.01 ps 26

33 s
36 μa
10.1 s
18.5 a
57.25 a
21 s 2
13.0 s 6
35.30 h 2

6.13 a 8
4.6 s 4
1.4*10*0 y

11 ps 1
14.1 s 11

4.1 ns 4
2.39 h 2
1.9 s 4

147 ns 4
1.83 h 2

22.5 a 2
70.4 s 3

5.8 s 5
6.0 a 2

31.80 a 8
3.2 ps 5
3.3 a 2
2.028 s 12
3.00 a 5

10.73 y 6
4.36 h 9
0.958 P s 12
0.74 as S

39 s 4
54 s 2
18.66 d 2

1.017 a 3
16.7 s 3

0.6 s 3
55.7 s
76.4 a 10

0.10 ns 5
•4.7x10»° y 1
5.8 s 3

16.3 s 3
2.84 h 3

17.8 a 1
1.53 s 6
0.35 ps 21
0.119 ps 16
4.53 s 10
3.07 a 9

15.2 a 1
0.41 s 4

50.55 d 9
0.33 ns 7
1.71 s 14

32.32 s 9
153 s 3
258 s 5

E(level)

613.63 13
0 . 0

831.95 7
60 5.97 6
523.00 11
397.44 6
306.46 8
217.03 6
207.2 4
761.2 4

0 . 0
0 . 0

95.9 3
0
0

37.052
85.95 40

0
0

666.41
1449.50

0 . 0
536.1

0
0 . 0

102.89

0 . 0
46 2

0 . 0
0 . 0

654.8 2
0 . 0

1091.83 7
0 . 0
0 . 0
9.40 1

4 1.56 2
0 . 0

2 2 0
0 . 0

3 2 0
0 . 0

881.5 1
0 . 0
0 . 0
0 . 0
0 . 0

305.0 2
513.98 3
151.28 10

0 . 0
0 . 0
0.0

555.9 3
0 . 0
0 . 0
0 . 0
0 . 0

403.0 5
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0

2734.060 42
1836.035 37

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

2079.0 S
0 . 0
0 . 0
0 . 0

106.92 4

J v

2*
3/2-

(3/2)-
(3/2)-
(5/2)-
(3/2)-

1/2-
5/2-
9/2*
7/2-

(1/2)-
7/2*
1/2-

1 {•)
1»
2 -
5 -

0 *
2*
2*

9/2*

(1/2)-
(7/2) •

(1*)

5- ~
2 -
0 *
0 *
2»

(3/2) -

7/2*
1/2-

(9/2) •, 2.44
(1/2)-, 0.13

2 -
2 *
0 *

1/2-.3/2-
9/2*
1/2-

(9/2)*
3/2-

1,2-
2 -

(6)-

(5/2*}
5/2-
3/2-

(1**)
04-
2 -
0 *
3 -
2 *

(5/2*)
(3/2-)

5/2*
(11/2)-

0»
(1")
(4—1
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Table 1 cont'd

* fission product half-lives * continued

lucleos t\/t E(le»el)

»°T
• o T

•°T
• o Z r

•°Zr
•ozr
•°Zr
» o Z c

»«Br
•*Kr
•»Rb
•»Sr
•»Y
•»T
" Z r
•»Zr
•»Zr
« B t

»*Kr
•*Rb
« S r
•*T
« Z r
« Z t
•JKr
" M b
•»Mb
" H b
»'«b
•»!lb
•*Sb
" H b
»*Rb
" S r
» s r

»>T
" Z Γ

• ' Z Γ
••KΓ
••Hb
••Nb
• •Kb
••Bb
••SΓ
••T
••ZΓ
••ZΓ
•»Kr
•»Ho
•'No
•'HO
•*Bo
»*Nb
»»1Jb
•SRb
• ' S r
« T

• ' Z Γ

•'Ro
•*Ho
••Ho
••So
•*Bo
••Ho
••Hb

••Rb
• • S Γ

••T
•»Kr

28.6 r 3
64.1 h 1

2 50 ps 7
3.19 ti 1

61.3 ns 25
125 ns 6
809.2 i s 20

84 fs 7
11.9 fs «
0.63 s 7
8.6 s

58 s
9.5 V

49.71 • 4
58.51 d 6

0.8 ps *6-3
1.5 ns 5

29.0 ns 8
0.25 s 10
1.8((0 s 8
4.48 s 3
2.71 h 1
3.54 h 1
5.0 ps 4

166 ps 28
1.289 s 12
4.5 ps
6.2 ps 3
0.53 ps 11
0.25 ps *26-11

< 0.22 ps
0.31 ps 7

13.6 y 3
S.8 s 1
7.6 • 2

10.1 k 2
< 0.13 ns

1.45 ns 5
1.53«10» y
0.20 s 1
6.26 • 1

36.4 ns 8
2.03-10* T 16
2.69 s 4

78 s 2
19.1 a 4

7.7 ps
3 20 ps

• Is
2.05 ps 100
0.68 ps 18
1.98 ps 50
0.77 ns 1

35.15 d 3
86.6 h 8

0.36 s 2
26 s 1
10.7 • 2
63.98 d 6

0.41 ps 12
3.49 ps 16
1.2 ps 3

60 ps 8
1.4 ps 4
0.7 ps 1

23.35 h 5
0.207 s 3
4.0 s 2
2.3 • 1

< 0.1 s

0.0
0.0

202.51 3
682.04 S

1760.7 6
3589.44 19
2319.10 15
2186.50 IS
3843 2

0.0
0.0
0
0

555.57 5
0 . 0

1204.9 8
2170.1 9
2300

0 . 0

0.0
0 . 0
0.0
0 . 0

934.46 7
1383.0 1

0 . 0
949.9 2
808.7 2
744.0 2
686 1

1297.4 2
979.1 2

30.4 3
0 . 0

0.0
0 . 0

590.0
266.87 5

0 . 0
0 . 0

40.95 4
140.35 4

0 . 0
0 . 0
0 . 0
0 . 0

918.24 23
1299.99 29

0.0?
765.83 4

1074.1 2
947.8 2
203.94 8

0 . 0
234.70 14

0 . 0
0 . 0
0 . 0
0 . 0

1869.5
778.26

1623.22
1147.9
1625.93
1497.82

0 . 0
0 . 0
0.0
0 . 0
0 . 0

0 *
2 -
3 -
7 *
0 *
8 »

5-
2 *
2»

5/2*
9/2*
1/2-
1/2*

<11/2>-
(15/2-)

0 *
2 -
2 *
0 *

13/2*
5/2*
1/2*

(3/2»-
(V2) •
11/2»

1/2-

(5/2*)
1/2-

(3/2)-
3/2*
5/2»

0*
3 *

6*

0*
2-
2*
0*

7/2*
(7/2) •
9/2*
3/2»

(V2)*
(1/2)-

(1/2-)
(5/2) •
4 »

2*
4 *

(0»)
2*
2*

(6»)



Table 1 cont'd

* fission prod act half-lives ' continued

Pucleus

" H o
•'Ho
•'Ho
•'no
•'Ho
" H o

•'Ho
•'Mb
•'Nb
•'Rb
•'Sr
" Y
• ' Z Γ
" Z Γ

•"Mo
••Nb
••Mb
••Rb
••Sr
••T
••T
' • Z Γ
•»HO
"no
••8b
•*5b
•»Rb
•»Rn
••Sr
••Tc
»»TC
••Tc
•»Tc
••Tc
••T
••ZΓ
••ZΓ
i n o f>0

tOO fl Q

io°Nb
100Kb
IOORQ

t OOHU

IOORU
tooxc

*°-°Zr
»°»Ho
1 0 1 Hb
t o t Rα
101 RU

l O l R u

»oiTc
l oi Tc
iot2 r
1 0 2 Ko
1 0 2 Nb
lOZRi]

io2 RU

i o*Ru
1 0 2 Tc
1 0 2 Tc
lot x
1 0 2 7££

t o 2 2 r
1 0 3 fto

»°'Rh
i° 3 Rh

1.2 ps 2
2.8 ps 3
S.9 ps 6

30 ps 2
2.0 ps 5
1.4 pa 3
1.4 ps 2

72.1 • 7
SO s 8

0.176 s 6
< 0.2 s

1.11 s 14
17.0 h 2
17.0 h 2
21.8 ns
51.5 • 10

2.8 s 2
0.136 s 8
0.845 s 43
0.83 ps 10

« 0.3 s
31 s 3
16.8 ps 16
66.02 h 1
14.3 s 6

2.6 • 2
0.076 s 5

20.6 ns 2
pnKnown

< 0.1 ns
3.61 ns 7
6.02 h 2

196 ps 10
2.13-10» y 5
0.8 s 7
0.36 ps 5
2.4 s 1

12.2 ps 6
1.7 ns 2
3.7 ps 3
5.4 ps 4
1.5 s 3
3.1 s 3

10.8 ps 8
1.16 ps 16

254 ps 25
15.8 s 1

7.1 s 4
14.62 a 5

7.0 s 3
0.20 ns 4

590 ps 30
22.5 ps S
14.2 • 1

760 ps 50
3.3 s 6

11.1 n 3
2.9 s 4

17.7 ps 16
28 ps 5

3.8 ps 6
5.28 s 15
4.35 U 7
0.9 s 3
0.8 s 3
2.2 ns 2

60 s 2
1.11 ns 3

56.12 • 1
5.1 ps 4

1116.7
888.2 4
480.9 1
679.6 1
657.92 10

1268.63 10
1024.53 30

0 . 0

743.36 10
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

734.9

0
0

300?
0
0

98 1
0
0

369 5
0

89.36 4
0.0?

920.5 1
181.07 5
142.63 3
140.508 4

0
0 . 0

* 120?
0 . 0

535.6 3
694.4 6

1136.1 4
1063.7 3

539.59 5
1362.1 1
1226.5 3

0 . 0
0 . 0
0 . 0
0 . 0

325.2 2
127.22 5
52 6. « 6

0 . 0
207.53 4

0 . 0
0
0 . 0

475.07 4
1106.37 6
1103.IS 5

0

< 500
0 ?
0

151.8 2
0

93.035 7
39.750 7

294.98 1

9/2*
1/2*

(3/2*)
(1/2»)

7/2*
7/2*
7/2*

(9/2) •
(1/2)-

1/2*
1/2*

0 *

(4,5)

d o
0 *

0 *
(3/2.5/2)*
1/2*

(9/2) •
(1/2)-

3/2*

(1/2,3/2)*
(S/2) •
(1/2)-
(7/2) •
9/2*

2 *
0 *
4 *
2 *

2 *
2 *
4 *

1 *
0 *

1/2*

1/2*
3/2*

(11/2-)
(9/2*)
(V2-)

0 *

2 *
4 *
2 *

(1 O

0 *
(2*)

(9/2) •
7/2*
3/2-
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Table 1 cont'd

* fission product half-lives ' continued

nucleus 1\/t E(levol)

.OJBh

I OSgh
lOJfih
• 0 J Bh
I 03RU
10380
IOJTC

to* no
1 04 pi,
1 04 pi,
104 fig
»°*Rh
»04R0
1 04 Ru

I 0 4 B a
1 °*Bu
1 0 4 T c

i o s B o

i os ub
» OSpd

tojpd
1 05pd
lospd
1 09 pd
lospd
tospd
1 0 5 Bh
>oe ah
los Bh
«o'Rh
lOSgh
lOSRh
1O5RU

lOSJc

lOftfJO
IO*pd

1 0 * pd
t 0 4 pd
t o * pd

I 0» pd

io*Pd
1 0« Rh

io*8h
IO*R U
1 0 * T c
1 0 7 \q
1 07 A g
I O 7 A g
l O 7 A g
1 0 7 A g
I 0 7 A g
t 0 7 pd
t 0 7 pd

1 07pd
l 0 ' B h
IO7RU
1 0 / T c

toe \n
»O«HO

I o»pd
1 oapd
to.pd
loapd
1 °*Rh
t 0«R||
1 Oβ g ^
t 0 • Y £

71 ps S
0.9 ps 6
5.5 ps 5
2.9 ps 2
1.56 BS 5

39.35 d 5
50 s 2

1.3 • 3
< 0.6 ns

4.34 a 5
2.6 ns 2

47.3 s 4
7.6 ps 8
6.6 ps 12
6.4 ps 12

S3.2 ps 24
18.2 • 5
42. s 3

1.8 s?
94 ps 10
36 μs 1
33 ps 3

3.8 ps 2
1.8 ps 3
1.01 ns 5

25 ps 6
< 0.2 ns
< 0.3 ns
< 0.2 ns
< 0.4 ns

45 s
35.36 h 5

4.44 h 5
340 ns

7.8 a 3
9.5 s 5
1.4 ps 2

< 3.6 ns
0.5 ps 2

11.3 ps 6
3.0 ps 5

< 2.0 ns
6.8 ps 15

29;9 s 1
132 B 1
368.2 d 12

36 s 1
2.85 ns 10
5.2 ps 9

44.3 s 2
40 ps 3

-1.30 ps 17
0.27 ps 8
0.85 μs 10

21.3 s 3
6.5«10» J 3

21.7 • 4
4.2 B 3

29 s 3
127 y

2.37 • 1
1.5 s 5
2.3 ps 3

23.8 ps 17
5.3 ps 10
4.6 ps 10

16.8 s 5
5.9 a 2
4.5 a 2
8.3 s

357.46 •
1277.2 5

920.0 4
880.4 3
237 5

0 . 0
0.0
0 . 0

97.114 3
128.956 10

51.422 2
0 . 0

988.1 3
893.0 1
888.5 1
357.99 3

0 . 0
0..0
0.0?

644.50 6
489.11 7
280.51 4
442.23 6
781.3 5
344.52 2
319.18 6
808.1 1
149.2 1
724.5 1
469.4 1
129.7 1

0 . 0
0 . 0

20.57 11
0 . 0
0 . 0

1229.20 5
2757.3 5
2084.27 4

511.35 3
1128.02 4
2952.01 5
1133.6 2

0 . 0
» 138

0 . 0
0 . 0

125.7 4
324.6 1

93.08 5
422.6 3
949.0 3
78 6.5 7
115.7 2
214 1

0
0 . 0
0.0
0.0

109.58 8
0 . 0
0.0?

1048.32 10
433.9S 4
931.2 3

1052.80 5
0 . 0
0 . 0
0 . 0
0 . 0

5/2-
3/2-

<V2)-
5/2-

(11/2)-
5/2*

0*
2*t I •
5+,4 +
2- , 1 -

(0*)
2»
4 »
2 *

(7/2) -
(11/2)-

3/2*
(5/2) •
(5/2) *
(1/2) •
(5/2) •
(3/2)*
(9/2) •
(5/2) •
(5/2*)
(1/2)-
(7/2) •
(3/2*)
(5/2) •

0 *
4 •

(5) •
3 -
2»
2»

(5) •
0 *
1 +

(4, 5, 6) •
0»

(9/2) •
3/2-
7/2 •
5/2-
5/2-
3/2-
1/2*

(11/2)-
(5/2) •
(5/2,7/2)*

(6) •

0 . 0
(4) •

2*
2*

(0J •

0»
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Table 1 cont'd

• fission product half-lires • continued

nucleus T|/» E(level) 3w

»o»Ag
»°»Ag
»o»Ag
»»*Ag
«e*Ag
»°«Ag
»o»Ag
IO«pd
«°«Pd
»°*Rh
*°»Bo
* > « > A g
HO»g
IlOJlg
ttopd
nopd
nopd
Hop*
HORh
««<>Bh
H O R u
" » R U
t t O f c
t » » A g
l l l l g
«»»Cd
»»»Cd
»«»Cd
* > i C d
tiled
Mipd
liipd
« » * A g
»i«Cd
»»*Cd
«»*Cd
t»*Cd
nzpd
tiapd

II2RU
»**Ag
»*>Ag
»»'Cd
>»3Cd
«*3cd
»»3Cd
H3pd
»«*Ag
»»«Cd
»i»cd
ti*Pd
»>»Ag
»>»Ag
»l5Cd
used

1151B
>«* In
ii am
»«»ln
»»»In
i n m
i ts in
Il5pd
»>»Sn

»»»sn

39.6 s 2
6.9 as 7
9.35 n3 20

35 ps «
0.31 ps 9
0.5 ps 2
1.3 ps «
0.69 • 1

13.46 h 2
90 s T
3H.5 s 29
24.57 s 12

250.4 d 10
37.5 ns 20

3.8 ps 6
8.0 ps 10

14.0 ps 13
43 ps 3
3.0 s 2

28.5 s 15
0.23 ns 5

IS.9 s S
0.82 s «

74 s 3
7.47 d 2

84.5 ns
10.2 ps

120 ps
48.7 • 2

• 40 ps
22 • T
5.5 h 1
3.12 h 1
6.0 ps 3
2.9 ps 5
0.9 ps 1
1.7 ps 3

20.12 h 6
< 0.1 ns

4.65 s 14
0.69 s 54
0.20 ns
5.37 b 5
i:20 • 15

13.6 j 2
> 3«10»* y

32 ps 3
9 ps 1
1.4 • 1
4.52 s 7

10.2 ps 1
» 5 p's

2.4 • 1
55 s 2
20.0 • 5
44.6 d 3
53.46 h 10
57 ps 5
0.45 ps 7

14 ps 3
0.8 ps 1
5.1x10»* y
1.0 ns 1
5.7 ns 2
4.3 h 1
0.07 ps 2

37.4 s ft
159 MS

3.26 ps
stable

88.032 2
311.4 1
132.8 2
415.3 3

1324.2 7
701.9 2
862.7 4
188.9 1

0.0
0 .0
0 .0
0.0

117.69 10
118.65 10
920.5 6
946.3 6
813.8 5
373.8 3

0 .0
0 . 0

240.67
0.0

0.0?
59.85

0.0
245.35
620.0
416.64
396.0
341.9

0.0
172.0 1

0 .0
617.4 3

1468.2 6
1414.2 6
1311.6 5

0 .0
348.8 5

0.0?
0.0?

236.8? 5
0.0

263.7 3
0 .0

298.6 2
583.7 5

0 .0
0

558.29 3
1283.30 3

0
0 .0
0.0

173.4 3
0.0

933.6 1
1290.5 1
941.2 5

1077.8 4
0 .0

863.95 9
828.39 8
336.23 5

1132.5 1
0.0

714.6
613.9

0.0

7/2*
3/2-

( V2) •
5/2-

O/2-)
3/2-
5/2-

11/2-
5/2*

1 *
6 *

4 *
<0»)
2*
2*

<2»)
0 *

<7/2»>
1/2-
5/2*
5/2*
7/2*

11/2-
3/2*

(5/2f)
(11/2-)
2(->
2»
2*
4*
2 +
0 *
2*

0*
(2*)

1/2<-)
(7/2»)
11/2-
1/2*
3/2»
5/2*

1 *
2»
4 »
0*
(7/2*)
{•V2-J
11/2-
1/2*
7/2*

(13/2)*
5/2*
5/2*
9/2*

(1/2) •
3/2*
1/2-

(11/2)*

(11/2)-
(7/2) •
\/2*
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Table 1 cont'd

1

Vucleus

»i*Ag
>»**g
*»»Cd
n » C d
»i»Cd
l i * C d
1I»IB
II»ID
>*»In
t i * p d
i i * P d
»«*Bh
i i * H h
n * S n
•»»Sn
M»Sn
»»*Sn
»»»Sn
»»»Ag
>»«Ag
n e e d
»«"In
» i « I n
>»«In
i t apd
i i » S n
»» »Sn
»»«Sn
• " S o
»>»Sn
it «Sn

t20Ag
tiocd
tzoin

»»°In
1 2 0 S n

t z o S n

«*"Sn
i 2 o S n

»*> Ag
»2»Cd
i a » l n
» 2 » I n
»*»Sb
»*iSb
»*»Sb
»*»Sn
»2iSn
»**Ag
tzaCd
i22In

»'«Sb
>*2Sb
»**Sb
ta»sb

t*3 In

t»3Sb
»*'Sb
izasn
»*'Sn

»**Sb
" • s b
»*«5b
»*«Sn

fission product half-lives

10.4 s 8

2.68 a 1
2.1 ps
1.7 p8

12.2 ps
1.2 pa
2.18 s

14.10 S
54.15 •

< 0.1 ns
13.6 s 12

0.60 as
unknown

0.75 ps
350 ns

0.362 ps
14.0 d 3

0.279 ns 9

2.8 s 3
3.7 s 2

50.3 • 2
8.5 s 3
4.45 • 5
5.0 s 3
3.1 s 3

0.465 ps 11
230 ns 10

21.7 ns 2
2.93 μs

17.75 ns 12
245 d 20

1.17 s 5
0.32 s 4

50.80 s 21
44.4 s 10

3.Oβ s 8

0.632 ps 12
< 0.15 ns

5.53 ns 6
11.8 μs 5

< 3 s
12.8 s 4

3.1 • 3
JO s 3

2.1 ps 3
8.5 ps 10
3.5 ns 2

27.06 h 4

• so r
1.5 s S
5.5 s 1

tO.O s S
1.5 s 3
2.70 d 1

530 MS 30
1.8 ps 2
4.2 B 2
0.75 ps

47.8 s 5

5.97 s 5
7.6 ps
0.61 ns

129.2 d
40.08 a

3.21 s 6
20.2 • 7
93 s 5

60.20 d 2
0.95 ps 3

12? s

1 continued

E(level)

8 1
0 . 0

1213.6
1220.2

513.9
1381.3

289.658
0 . 0

127.268
340.6?

0 . 0
49.8

0?

« 3300
2365.90
1293.54

314.58 4
158.562 IS
127.7

0 . 0
0 . 0

• 200
* 60

0.0
0.0?

1229.64
2 57 4.83
2321.15
3111.5

23.875 10
89.54 1

0 . 0

203.0
0 . 0

1171.5 2
2194.6 3
2284.6 4
2482.0 5

0.0
0 . 0

325 50
0 . 0

507.54 5
573.08 5

37.15
0 . 0
8 6
0.0?
0.0?
0 . 0
0.0?
0

137.50 5
61.42 2

163 1
1140.2 10

320 10
0 . 0

54 1.8
160.2

0
2 4

0 . 0
35
10.73

0 . 0

1131.4 9

J *

2 »
4 *
2*
0»

(8-)
1»
5 *

(2*)
0 *

5 -
2*
11/2-

3/2*

0*
(8-)
<5»)

1 *
0*
24-
7 -
5 -

(10*)

3/2*
11/2-

0*
( 5 ) *

1»
2»
4 *
5 -
7 -

(1/2)-
9/2*
3/2*
1/2*

(7/2) •
3/2*

(11/2)-

{high)

(low)
2 -

(5).»
(3) •

2 *
(1/2)-
(9/2)*
(3/2) •
5/2*

(11/2)-
(3/2) •

(5»)
3 -
2 *
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Table 1 cont'd

' fission product halt-lives • continued

lucleas Ti/r e(level) J»

t*»ln
**sSn

i*»Te
IZSTQ
WlTe
u'Te
1 2 >T©

"••Tβ
12 SJe
i2*in

i2«Sb
12»Sb
i2*Sb
12*Sb
»2*Sb
i2»Sb
12*5>n
1 2 * Tβ

i2«Te

1271
1271
127J
*27jn
' " I n
127Sb
»27Sb
12 7$n
12 »sn
i2 7Te
12 7 T e

12»I
1 2 s Tn
i 2 « s b
12»sb
12 8 3n

1 2 #TG

12»X

12«I
12«Sb
12«SQ

i2*Te
i2»Te
* 2 * X e
• 2 *Xe
* 2 *Xe
130X
13OX
isoxn
i a o sb
1 3 0 S b
13O S b
1 3 0 S n

i3osn
isofe
i3 0Te
I3oxe

lsoxe
1 3 1 1

1 3 1 1

131X

131 i n

»'»Sb
lJiSn
i 3 i Te
i 3 i Te
> 1 > Xe

2.3? s
9.64 d

x 1 6 0 ps
12.8 ps 22

0.71 ns 2
58 d

1.49 ns
x 6 00 ps

40 ps 20
1.06 ps 20
1.53 s 1

78.0 ns 5
5 53 ns 5

• 11 s
19.0 a 3

5.1 ns 3
12.4 d 1

« 10a109 J
4.21 ps 21

13.5 ns 10
3.2 ps 3

15 ps 3
0.39 ns 1
1.93 ns 6
3.64? s
2.0? s

11 ps 1
3.83 d 4
4.4 • 1
2.10 h 4

109 d 2
9.35 h 7
0.30 ns 8

24.99 a 2
3.7 s 5
9.01 h 3

10.4 • 2
60.0 a 4

3.2 ps 3
1.57.10' T

16.8 ns
4.32 h 3
7.5 a

33.6 d
69.6 a
SO ps

1.01 ns
8.0 d
9.0 a 1

12.36 h
0.53 s 5

.40 a 1
6.3 a 2
3.6 ns 3
3.72 a 11 .
1.7 a 1
2.27 ps 7
2 . 5 U 10*« y 27

1 15 ns 8
9.8 ns 5
6.4 ps 6
8.04 d 1
5.9 ns 2
0.76 ns 5
0.27 s 2

23 a 2
61 s 3
30 h 2
25.0 a 1
11.9 d 1

0
525.1
463.4
321.02
144.73

35.46
642.1
636.1
671.5

0.1?
128.0 3
104.7 3

40.4 3
17.7
8 3. 1 3

0 . 0
0 . 0

666.2
2975.2

417.9
374.96
20 2.34

57.60

1920.2
0

3 0 0
0

88.26
0

340.7
0 . 0

0 . 0
X+0.0

0 . 0
743.2

0
27.77

0 . 0
0

105.50
0

411.3
39.58

236.14
48.2

0 . 0
0.0?
0 . 0

« 30
- 100

0 . 0
> 1R00

839.4
0.0

2146.0
1815

536.09
0 . 0

1797.07 8
149.716 5

0.0?
0 . 0
0 . 0

182.25 2
0.0

163.930 13

11/2-
(7/2-)
S/2*

(9/2)-
11/2-

3/2*
(7/2*)

7/2*
5/2*

(2*)

(3-)

(3~)
(8-)

0 *
2 * -

(10*)
5/2*
1/2*
3/2*
7/2*

(7/2) •
(3/2*)

(11/2-)
11/2-

3/2*

1 *

0 *
2 *

7/2*
5/2*
7/2*

11/2-
3/2*

(1/2,3/2)*
3/2*

11/2-
2 *
5 *

(8-)

(3,4^5)*
0 *

(7-)
2 *
0 *

(7)-
(61*

2 *
7/2*

5/2*
(9/2*)
(7/2*)
(3/2*)
11/2-

3/2*
11/2-
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Table 1 cont'd

' fission product half-lives • continued

Hucleus r t / t E(leT«l)

» * i X e
1 31 Xβ
13 1 Xβ
131 Jp.

I 3 i xe
I3«xe
131 Xβ
13 1 Xβ
132J
1 32 J

• 3 * 1
I 3 * 1
132 I B

» 3 « S b
13?sb
132Sb
i'3?Sn

tizfe
»3*Te

132 Xβ

UJCs
l 3 3 C s
1311
1331
•33Sb
u j S n
133 Xβ
13 3 T e

1 33 Xβ
i33xe
»3«CS
•3*CS
»3»CS
1 3»CS
1 3* I
1 3 * J

* 3 * 1
1 3 * 1
1 3 * 1

i 3»sb
tJ*Sb
13 4 TG
13 4 Xβ

i 3« xe
• 3*Ba
1 3 S C s

135CS
1 3 5Cs
1351
l 3 , S b
• " T β
•3 s x e
»»*Xe
1 3 * Ba
1 3 * B a
1 3 4 Ba
»3*CS
1 3 * 1
13«X
1 3 •Xβ
• 3 * Xβ
»3 »Ba
1 3 *cs
13T I

•"Iβ
«3 7xe
i t s n»

2.15 ns 7
51 ps 5

< 0.5 ns
4.2 ps S

< 0.5 ns
0.53 ps 9

14 ns 3
477 ps 10

0.93 ns 4
1.42 as 5

83.6 • 17
2.30 H 3
0.12 s 2

14.8 ns 10
4.2 • 1
2.8 • 1

40 s 1
78.2 h 8

9 MS 2
145 ns 8

8.4 is 8
90 ns 10

5.06 ps 40
27 ps 3

6.30 ns 2
9 s

20.8 a 1
2.7 • 1
1.7 s 1

55.4 • 4
12.45 • 28

2.191 d 30
5.29 d 1

• 53 ns
2.062 j 5

2.90 h 1
45.7 ns 12

< 150 ps
52.6 •

< 100 ps
3.7 • 1
1.S2 ns 10
0.85 s 10

11.0 s 3
41.8 a 8

164 ns 3
0.290 s 17

28.7 h 2
53 • 2

0.28 ns 8
2.3*10* j
£.61 h

• 2s
18 s 1
15.65 •

9.083 a
3.3 ns

x 1 ns
0.306 s

12.98 d
83 s
46 s
20.9 s

3.0 MS
2.552 • 1

30.17 y 3
24.7 s 2

3.5 s 5
3.83 • 1
0.199 ns 12

341.140 16
364.480 10
404.808 10
636.973 10
666.921 16
722.893 10

180 5.7
80.183 10
49.72 1

277.88 7
• 120

0
07

m 85
0.0

« 0
0.00
0

1924.7 2
1774.1 2
2752.6 10
2215.1 6

667.67 6
33 3.851

80.997
1634

0 . 0
0 . 0
0?

334.2
0 . 0

233.5
0 . 0

176.399
0 . 0

138.738
11.239

210.47
0 . 0

180.89
316.3

79.45
300

0
0 . 0

1691.2
1965.4

268.24
1627

249.79
0 . 0
P
0 . 0
0 . 0

526.56
0.0

2207.10
2140.15
2030.46

0 . 0
1

25 0
1?

1892.0
661.640 19

0.0
0 . 0
0.0?
0.0

1435.91 6

9/2-
5/2 «•
3/2 (•)
7/2*
7/2-
5/2*

(19/2*)
1/2*

3 *
1 *

(8-)
4 *

<3M
(8-)
14*)

0 *
0»

(7V
(6)-*
(10+)

(7-)
2 *

3/2*
5/2*

7/2»

(11/2-)
(3/2»)
11/2-

3/2»

4 {•)
8 (-)
5 (•)

0*
(6+)

11/2-
(19/2-)

5/2*
7/2*
7/2*

11/2-
"3/2 •

6*
5 -
7 -
5 f

(5-)
0 *

(6) *
11/2-

7/2*

(7/2) -
2*
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Table 1 cont'd

* fission product half-lives ' continued

nucleus Ti/z E(level) J T

• '•Ba
• »«Ba
• 3 *Ba
• '•Ba
• '•Ba
>3*Ba
i n Ba
I 3 0£g
X 3 • Cs
I » I

•'•Xe
• '•Ba
1 3 ' C s
1 3 * 1
" • L a
»'»Xe
• •<>Ba
••°Ce
• •»Ce
i « o C e

l»OCe

• •»ce
• •«>Ce
• •°Ce
'•°Cs
t* oj

••"La
••°La
••OLa
••"La
••OLa
••°Xe
•••Ba
• ••Ce
• ••Cs
•••I
• ••La
•••La
•••PΓ

•••PΓ

• • • X β

••«8a
••*Ce
••2Ce
••'Cs
••*La
••*Pr
••*Pr
••*Xe
• •3Ba
• •3Ce
'•JCs
••'La
1*3 Hd
• •3Pr
••'Xβ
'• 3 Xe
• ••Ba
• ••Ba
• ••Ce
»• • cs
• ••La
• ••Hd
• ••Nd
• ••Nd
• ••PΓ

• • • P C

• ••PΓ
• ••PΓ

S 70 ps
2.17 ns 8

* 70 ps
< 70 ps
S 70 ps
< 70 ps

0.8 ps 1
32.2 a 1

2.90 • 10
6.40 s 6
1.4 s *

14.13 • 5
84.9 • 11

9.40 • 12
2.4 s 2
1.50 ns 2

39.5 s 2
12.789 d 6

0.27 ns
3.45 ns
7 μ3 ?

55 ps
0.07 ps 7
0.1 ns
0.08 ps

63.7 s 3
0.86 s

40.22 a 2
le0.4 as
Ie7 ps

lelO ps
0.5 as

13.60 s
18.27 • 7
32.50 a 7
24.9 s 2

0.43 s 8
3.93 h 6
1.25 ns 8
4.7 as 3
1.85 ns 3
1.73 s 1

10,7 • 1
S.7 ps 1

> 5«10»* y
1.7 s 1

92.7 • 7
19.13 a •»
14.6 • 5

1.22 s 2
20 s 1
33.0 b 2

1.68 s 7
14.0 • 1

2.5 ps
13.56 d 2

0.96 s 2
0.30 s 3

< 0.7 ns
11.9 s 3

284.31 a 2*
1.02 S 4

40.7 s 5
* 11 fs

3.43 ps 14
2.1«10»* y 4
7 ps 4-

17.28 • 3
7.2 • 2
0.66 n3 5

3709.0 7
1898.71 7
3622.8 6
3184.0 5
3632.5 3
2930.2 6
2090.66 9

0 . 0
79.9

0 . 0
0 . 0
0 . 0
0
0
0

165.853 7
0
0

1903.30
2083.5
2108.10
2412.28
2464.32
2521.72
1596.45

0
0
0 . 0

29.9653
467.505
162.656

4 3. 311
0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

190.22 8
1118 1

145.440 10
0 . 0
0 . 0

64 1.2 1
0 . 0
0 . 0
0.0
0 . 0
3.683 «
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

741.98
0 . 0
0 . 0
0 . 0

199.3 2
0 . 0
0 . 0
0 . 0
0 . 0

2185.68 6
696.49 2

0 . 0
133.530 22

0 . 0
59.03 3
99.96 3

4 *

(6) •
3 (-)
(6-)
(3-)
0*
0*
(7/2)-
(7/2,9/2)

5/2*
(5/2-11/2)

o>
4»
6*
3 »
3 -
2 *
2*

3 -
2 -
1 -
2 -
1 -
0 *

7/2-

(7/2M

11/2-
7/2*

0 +
2 *
0*

2 -
2 -
5 -
o>

3/2-

3/2-
7/2*

(2*)
0 *
O f

1 -
2o
0»
1 -
0 -
3 -
2 -
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Table 1 cont'd

' fission product half-livee ' continued

Nucleus Tt/» E(level)

• ••PΓ

••> Ba
•••Cβ
• •»Cs
••»La
• •'Hd
• •* Hd

»•• Pr
• • ' X β
• •*Ba
• ••Da
•••Cβ
•••Cβ
•••Cs
•••La
•••Hd
• • • Hd
• •• Pr
• • * P B

•••Cβ
I ••Cβ
•••La
•••Hd
• ••Hd
•••PΒ

• ••PΒ

•••Pr
•••SB
•••SΒ

• ••SΒ

•••SΒ

•••SB
•••Cβ
•••Hd
• ••PΒ

•••PΒ

• ••PΒ

•••PΒ

•••Pa
• ••PΒ

•••PΒ
t ••PΒ

• ••PΒ

•••PC
•••SB
• ••SΒ

• ••SΒ

• ••SΒ

• ••SΒ

n o C e

15 Odd

• s 0 N d
t * o Hd
isoNd
• «<>Hd
» 5 0 M d
H O H d
• so Hd

• * °Pa
• , 0 P c
I50SB
isosa
1 * 0 S Β

1S0SB

1 S 0 3 B

19 0 c ^

1 3 1 Ce

136 ps 19

6.2 s S
3.0 a 1

563 as 27
• 30 s

0.7 ns 1
33 ns 3

5.98 a 2

0.9 s 3
1.91 s 16

• 0.8S ns
14.2 a 5

« 0.29 ns
189 as 11

8.8 s 4
4.0 ps 10

22.6 ps 13
24.07 B 13

2.6234 y 2
1.07«10»« y 1
0.47 s 20
1.06 ns 8

48 s 1
1.29 s 8

0.10 ns 2
5.4 ps 20
5.37 d 1

41.3 d 1
2.30 B 3

0.6 ps 1
0.10 ps 3
2.3 ps 6

8«10»» y 2
7.3 ps 4

> 5 s
1.73 h 1

53.08 h 5

2.58 ns 4
3.24 ns 14

80 ps 15

35 μs 3
2.64 ns 7

< 50 ps
< 0.18 ps

0.6 ns 1
2.5 a 2

> 1«10 ,* y
7.13 ns 11

< 0.2 ns

< 0.2 ns
0.262 ns 9
4.0 s 6
3.6 ns 1

> 5*10** y
1.50 ns 2

61 ps 5
4.7 ps 4
6.5 ps 13

12.0 ps 9

7.4 ps 22
1.42 ps 15

2.68 h 2
6.2 s 2

49.0 ps 6
0.90 ps 6
1.27 ps 9

19.9 ps 20
6.6 ps 3
0.73 ps 21
1.02 a 6

80.12 3
0.00
0.00
0.00
0.00?

72.2 2
67.0 2

0.00
0.00
0.0?

180.8 2
0 . 0

258.32? 17
0
0.0?

1043.4 6

453.77 17
0 . 0
0 . 0
0 . 0
0 . 0

158.45 8
0 . 0
0 . 0

301.7 1
752.0 3

0 . 0
137.2 2

0 . 0
1454.3 3

1465.1 4
1180.2 2

0 . 0

550.3 1
0 . 0
0.0 2
0.0 1

114.32 10
188.64 10
211.31 10

240.22 10
270.18 10
537.87 10
654.84 10

387.57 10
0.0
0 . 0

22.494 10
277.0 30
350.0 30

285.9 30

e
97.8 6

0
130.12 6
331.5 6

1130.7 10
851.4 5

721.2 9
676.7 6

1062.4 5
0
0 (

333.95 1
1071.40 1
1193.81 1

740.42 4
773.35 1

1046.14 1
0.0

1 -

5/2-
3/2-

(7/2».5/2»)

o>
(2) •

0 *
(2) •

a *
2*

7/2*
7/2-

0 *
2 *
0 *

2 *
4 *
1 -
6 -
(3)

2*
1 -
4 *
0*-
2 *

5/2-
7/2*
5/2*
5/2»,7/2*
5/2 •

(11/2)-
7/2-
5/2-
7/2-

(1/2)*
(5/2»,7/2»)
7/2-
5/2-

(5/2-)
(3/2-)
(9/2-)

0 *
2 *
0*
2 *
4 »

(8*)

(6*)
0 *

(2*)

0-,1-,2-)
2*
3 -
2 *
0 *
4 *
2*
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Table 1 cont'd

• fission product half-lires • continued

Nucleus Tt/t E(level)

» » » B 0
151 E u

131 p u

1 51 Eu
1 51 EU

1 5 1 Hd
•'•Pa
• si pa
i 5 t PΒ

i 5 i PΒ
151 p r

151 p^

I * i SΒ

1 51 Si
i s i Sβ
I si sa
• SI SB
I S I SΒ
ISI sa
1 5 1 S B
1 5 1 SB
1 3 1 SB
i s i SΒ

151 SΒ
i s t S I

i S 3EU
«"Eu
153 E U
1 S 3 E O

i 5 3 Eα
i s 3 P a

153SB
1S3SB
isJSa
1S3SB
153SI
15 5 gu

t 5 5 EQ

1 5 * E U

issGd
issGd
i 3SGd
issGd
i sSGd
issGd
isssa
is*Eu
1 S » E U

i*»Eu
is»Gd
is* Gd
i s • Gd

15»Gd
is*Gd
ts*Gd
is*Gd
i s • SΒ

I S * SB

1 S 7 B U

15 7Qd

«5»Gd
157Gd
l5 7 G d
i s ' S B
I S »EU

is »Gd
15*Gd
" ' B o
is»Gd
is«Gd

9.S ns S
0.24 ns 3
0.36 ns 2

62.7 MS 30
<0.1 ns
12.44 B 7
28.40 h 4

0.91 ns 3
89 ps 15
48 ps 10

4.0 s 7
20 ns 8
90 j 6

0.4 ns 1
35 ns 1
77 ns 1

< 0.5 ns
0.48 ns 6
0.38 ns 4

< 0.4 ns
< 0.1 ns

1.4 MS 1
< 0.1 ns
< 0.09 ns

< 0.1 ns
0.80 ns
3.90 ns
0.14 ns
0.20 ns
0.22 ns
5.4 a 2

46.7 h 1
< 0.1 ns

10.6 as 3
0.52 ns 16

17.1 ns 66
0.104 ns 10
1.35 ns 5
4.96 y 1
1.16 ns 2
0.19 ns 1
6.5 ns 2
a. 10 ns 3

31.97 as 27
< 8. ns

22.1 a 2
< 0.2 ns

12.0 ns 3
15.19 d 6
2.17 ns 3

114 ps 16
15.8 ps 12

1.86 ps 11
1.9 ps 6
1.0 ps 4
4.4 ps 3

< 160 ns
9.4 h 2

15.15 h 4
< 0.1 ns

17 MS 1
< 0.1 ns

0.46 MS 4
83 s 2
45.9 •

0.162 ns 13
2.54 ns 2

18.7 • 4
18.56 h 8
26.2 ns 8

21.54 2
196.46 9
243.22 6
196.21 7
349.76 6

0.0
0.0

255.6 2
116.7 2

1297.3 4
0 . 0

96.8*1
0 . 0

65.83 2
4.32 1 3

91.53 4
69.70 2

10 4.82 3
167.75 2
168.40 3
822.46 6
261.1 1
445.65 5
344.89 3
740.90 6

83.367
103.179
172.851

97.43C
193.064

0.0
0 . 0

35.843
98.4
90.874

182.90
10 4.32
24 5.73

0 . 0
105.308

60.010
86.543

146.07
121.5
107.56

0

291.06 17
87.25 19

0 . 0

88.9652 15
238.182 4
584.72 4

1414.7 4
1154.105 23
1049.38 16

965.06 15
250.1 6

0 . 0
0

436.6
425
477-2

64
0
0

261.44
79.51

0
0 . 0

67.8

7/2 •
(3/2)*

7/2-
11/2-

9/2-
(3/2*)

5/2 •
3/2*
5/2-
5/2*

5/2-
7/2-
3/2-
9/2*
S/2-
3/2-
5/2*
5/2-
3/2*

11/2-
5/2*
3/2*
3/2
7/2»
3/2*
5/2*
5/2-
9/2*

(5/2)-
3/2*
3/2-

(11/2-)
5/2-
5/2-
5/2-
3/2*
5/2*
3/2*
5/2-
5/2*
7/2-

(11/2)-
9/2*
3/2-

1 *
1 -
0 *
2*
4 *

6 *
(10*)

0»
(8*)

0 *
(5/2*)
5/2-

11/2-
(3/2*)
5/2*

4 *
2 *
(5/2*)
3/2-
5/2*
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Table 1 oontfd

• fission product half-ll»es • continued

Nucleus ?i/2 E(lerel)

is«Tb
»*«Tb
u»Tb
i * o E u

i»OGd
i *e T b
»»»Dy
• »»Dy
i»iDy
»»«Dy
l»tGd
i*«Tb
»*»Tb
«*»Tb
»**Dy
iftZDy
«»*Dy
16*Dy
i»2 Dy
i»? Dy
»*«Dy
»**Dy
»"Gd

t*»Oy
»*3Tb
»»«Dy
»«*Dy
» * * D y
i*»Dy
l*«Dy
»**Tb
i*»Dy
«6«Dy
t65Dy
l*5Dy
I*5Oy
>»»Dy
»»*Dy
ie?Dy

35.6 ps 43
0.76 ps 10
0.158 ns 7

50 s 10
2.66 ns 4

72.3 d 2
28.5 ns 6
0.78 ns 6
0.15 ns 2
3.21 ns 3
3.7 • 1
6.91 d 2

< 0.1 ns
0.83 ns 2
2.183 ns 35
0.99 ps 10
1.8 ps 2
4.6 ps 5

132 ps 8
1.93 ns 11
0.21 ns 4
2.3 ps 1
9 • 1
7.7 • 2
1.51 ns 5

19.5 • 3
2.39 ns 4
4.9 ps 4

* 0.8 ps
c 2 ps
* 6 ps

3.0 • 1
10.7 ns 35

< 35 ps
2.334 h 6
1.84 ns 99
T.253 a 6
1.07 ns 36

< 35 ps
4.e • 4

137.S
580.8
363.3

0 . 0
75.26

0 . 0
25.65
43.84

131.77
74.58

0
0

480.0
417.0

80.660 2
1901 1
1375.1 1
921.3 1
265.665 4

1485.74 5
1148.29 5
888.22 S

0
0 . 0

73.4405 15
0 . 0

73.392 5
761.78 8

1745.5 10
1261.3 2
843.67 7

0 . 0
130.927 4
83.397

0.0
158.591 4
108.160
184.225 5
261.776 6

0 . 0

7/2*
1/2*
5/2-

<o->
2 *
3 -

5/2-
7/2*
5/2-
3/2-
5/2-
3/2 •

(5/2)-
7/2-

2 *
12*
1 0 *

84-
•4»-
5 -

( 2 ) -
2 *
0»

( U -
7/2-
3/2*

2»
2 *

(12*)
1 0 *

8 *
(5*)

5/2-
9/2*
7/2*
3/2-
1/2-
5/2-
7/2-

(1/2-)
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Table 2

Fission product half lives >1ms sorted by half life

• f ission product balf- l i tes * continued

Mucleus E(level)

1.56 as S
8.4 as 8

10.6 as 3
17.53 as 8
31.97 as 27
39.86 as 13

0.076 s 5
< 0.1 s

0.12 s 2
0.136 s 8
0.176 a 6

189 as 11
0.20 s 1

i 0.2 s
0.207 s 3
0.25 s 10
0.27 s 2
0.290 s 17

* 0.3 8
0.30 s 3
0.306 s
0.32 s 4
0.36 s 2
o.m s %
0.03 s 8
0.47 s 20
0.S3 s S
0.S3 s 5

563 as 27
0.6 s 3
0.63 s 7
0.6 9 s 5*
0.8 s 7
0.8 s 3

809.2 as 20
0.82 s 4
0.805 s 43
0.85 s 10
0.86 a
0.9 a 3
0.9 s 3
0.96 s 2

• Is

1
1

1.02 s «
.02 s 6

1.11 s 1*
.17 s S
.22 s 2
.289 a 12

1.29 s 8
I.4 8 3
.4 s *

1.5 s 3
1.5 s 5
1.5 s 5
1.5 a 3
1.53 s 6
1.53 s 1
1.68 s 7
1.7 s 2
1.7 s 7
1.7 s 1
1.71 s 1«
1.73 a 1
1.8 s?
1.840 s 8
1.9 s 4
1.91 s 16

2.0? s

103 B Q

»»*Xe
»«Sa
'•As
i«Gd
?*Ga
»*Bb
»'lr
««la
• •Bb
»'Bb
»«*Cs
••Kr
• ' S Γ
••Bb
»*Br
I 3 l l a

"•Xβ

««T
»*»le
»«Ba
»*°*g
• *Bb
••Sβ

»»«8a
" G β
1 3 0 1 B

t « s C s

•'is
•»8C
u*Ba
••T

•OJt
ttetc
••SΓ
t3«sb
t«ox
*a*Y
»*»xe
»*Me
•»Kr

»»*c*
•'T

»«*xe
•*Kr
• ••La
" Z D
13 •Tβ
tooNb
t o « a o
«**»g
««ia
••Sβ
I**lB
I*3C»

•»Ga
i»3Sa
'•«cs
•PBr
l«!Xe
tossb
•*Kr
•>Ge
• ••Ba
»*'ln
l3»Sb

237 5
2752.6 10

98.4
303.916 12
121.5
119.58 8

0
0 . 0
0?
0
0 . 0
0
0 . 0
0 . 0
0 . 0
0 . 0
0.0?

1965.4
0
0 . 0

2030.46
203.0

0 . 0
0 . 0
0 . 0
0 . 0

66.70 2
0.07
0.00
0 . 0
0 . 0
0.0?
0 . 0
0

2319.10 IS
0.0?
0

3 0 0
Q
0?
0.00
0 . 0
0.0?
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0.0?
0 . 0

0.0?
0.0?
0.0?
0
0.1?
0 . 0
0
0?
0 . 0
0 . 0
0 . 0
0.0?
0 . 0
0 . 0
0.0?

0 . 0

(11/2)-
<10*|

(11/2->
9/2»

(11/2)-

0»

(9/2»)

7 -

0»
1/2-

0 »

o>
s-
0 *

0 *

0 *

0 . 0

(low)
0 *

0 *
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Table 2 cont'd

* fission product half-lives ' continued

lacleus E(level)

2.028 s 12
2.18 s
2.3? s
2.4 s 1
2.4 s 2
2.69 s 4
2.8 s 2
2.8 8 3
2.9 8 4
3.00 s 9
3.0 s 2

S 3 8
3.08 s 8
3.1 s 3
3.1 s 3
3.21 s 6
3.3 s 6
3.5 s S
3.64? s
3.7 s 2
3.7 s S
4.0 s 2
4.0 8 6
4.0 s 7
4.48 8 3
4.52 s 7
4.53 s 10
4.6 s 4
4.65 8 14
4.8 s 13
4.88 s S
5.0 s 3

* 5 s
5.28 s IS
5.5 s 1
5.7 s 3
5.8 s 5
5.8 a 3
5.8 s 1
5.97 s S
6.2 s S
6.2 s 2
6.40 e 6
7.0 8 3
7.1 * «
8.3 s
8.5 s 3
8.6 8
8.8 s 4
9 8 2
9 s
9.5 s 10
9.5 s 5
10.0 s S
10.1 a
10.4 8 8
11.0 s 3

• 11 s
11.9 s 3
12? s
12.8 s 4
13.0 s 6
13.6 s 12
13.60 s
14.1 s 11
14.10 8
14.3 8 6
15.8 s 1
15.9 s 5
16.3 s 3

•*As
ii*Xa
•**Ia
••Zr
i J « I
••Bb
••Kb
»»«Ag
*°*Hb
'•Ga
»*°Bh
t 21 Jig

t XO Jn

looyb
tiapd
»*»ln
toizr
1 3 7^0

• " I B
1
 **Ag

• • S Γ

t s i p
c

•*Bb
I l«lg
••Br
•*G*
llZRh
'•Ga
'•Br
• • • I Β
• ••Co
*

e
*tc

•**Cd
'•Zn
••AS
•'Sβ
•

3
Bb

»**IB
t*9 8a
tsop

r

»«I
tot Mb
• ••It
toetc
• • • I Β

• »Kr
• ••La
" Z Β
133J
'•Ga
I 04 a

o

• " I α
•»Ge
•••Ag
I3*sb
•

 2
*Sb

• ••Ba
• *

s
In

»»»Cd
•*As
• ••Pd
• •

e
te

•'As
• ••IΒ

••Mb
tootc
ttoBq
••Br

0.0
289.658

0.0
0
0.0

127.7
0.0

0.0
0.0

0.0?
0.0
0.0
0.0?

0.0

0.0
0
0.0
0.0
0
0.0
0.0
0.0?
0.0

207.2 4
0.0
0.0
0
0.0?
0.0?
0.0
0.0
0.0
0.0
0.00
0
0.0
0.0
0.0
0.0

• 200
0.0
0.0?
0

1634
59.7 2
0.0
0.0
0

81
0

40.4 3
0.0

0.0

0.0
0
0.0
0.0
0
0.0
0.0
0.0

(8-*)

(1*)

1*

0*

0»

1»

0*

9/2*
1*

(1*1

0*

(9/2) •

(0-,1-,2-J

Ofr

(8-)

1*
0»

(high)

(3**)
0»

0*
0»

1»
(9/2) •
U
0*
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Table 2 cont'd

fission product balf-lives • continued

luclens E(level) Jtr

16.5 s 3
16.7 s 3
16.3 s 5
17.1 s 15
17.5 s 1
18 s 1
19.1 s 3
20 s 1
20.9 s
21 s 2
21.3 s 3
23.5 s 10
24.5 s 10
24.57 s 12
24.7 s 2
24.9 8 2
26 s 1
27.1 s 2
28.5 s IS
29 s 3
29.9 s 1
30 s 3

• 30 *
31 s 3
32.32 a 9
33 s
34.5 s 29
36 s 1
37.4 s 4
39 s 4
39.5 s 2
39.6 s 2
40 8 1
40.7 s 5
42 s 2
4 2 . 8 3
4 2 . 3 s 4
44.3 s 2
44.4 s 10
45 3
46 s
47.8 s 5
48 8 1
48.3 8 6
SO 3 2
50 3 10
SO.80 s 21
54 8 1
54 s 2
55 s 2
55.7 s
58 s
60 s 8
60 s 2

1.017 • 3
61 s 3
63.7 s 3
70.4 s 3

1.20 • IS
74 s 3
78 s 2

1.3 • 3
83 s
83 s 2

1.4 • 1
90 s ?
93 3 5
95 s 1

1.7 a 1
2.17 a 10

" i s
••Sβ
toagn
" G a
" S β
!3SIe
'•Gβ
**3Ba
134 £9
•*is
1 0 7 Pd
" Z β

*°Ge
**°Ag
»3»I
««»Cs
••SΓ
'•Ga
• •°ah
tOTtC

1*1 in
*»*ta
• •ZΓ
•°KC
• U s
IO«BO

•°*Tc
i ispd
" S β
l J* Xβ
10* 4g
i J* SΒ
»••!•
'•Gβ
lOSflo
te*fih
i°'Ag
laoin
iosBh
13»I

1 23£n

1 • •Cβ

" G β
10 3TC

**°Ea
**°cd
" G β

••Br
l l S J t g

•'Br
•*8b
•'•b
1 0 3 B o

••Rb
1 3 1 5 B

t •ocs
" S β
1 1 3 Jig

1 1 1 Jig

•«Sr
to»Bo
•'•I
tsrsa
ii>Pd
t o*sh
i2»Sb
'•Zn
1 3 0 5 B

'*Ga

0
0 . 0
0 . 0
0 . 0

161.9 5
0 . 0

0 . 0
1?

214 1
0 . 0
0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0.00?
0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0

88.032 2
0.00
0 . 0
0 . 0
0 . 0
0 . 0

93.08 5

129.7 1
2 5 0
320 10

0 . 0
139.3 2

0 . 0
0 . 0
0 . 0

159.7 1
0 . 0
0 . 0
0 . 0
0

743.36 10
0

55S.9 3
0 . 0
0

2 2 0

59.85
0 . 0
0 . 0
1
0
0 . 0
0 . 0

10.73
0 . 0

2 1800
0

K*)

7/2*

0»
CI*)
(11/2)-

0 *
1 *
(7/2*)

(3-)

1 *
9 / 2

0»
0 *

(5/2-11/2)
7/2*

( 1 / 2 ) -

V 2 *
(5) •

( 1 / 2 ) -
(5-)

( 1 / 2 ) -
0*
(7/2) •

(0-)
0»
( 1 / 2 ) -

1.2-

d/2)-

(6)-
(3/2»)

(1/2)-, 0.13
(7/2*)
(7/2*)

0 *
(2-)

(5*)
0»

(7-)
(3/2-1
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Table 2 cont'd

* fission product half-lives • continued

T l / S nucleus E(level)

2.3 • 1
2.30 * 3
2.37 u 1
2.4 • 1
2.5 • 2

153 s 3
2.552 • 1
2.6 • 2
2.68 • 1
2.7 • 1
2.8 • 1
2.90 • 10
3.00 • 5
3.0 •
3.0 •
3.07
3.1 •
3.3 •
3.7 •
3.7 •

1
1

a 9
3
2
1
1

3.72 • 11
3.83 • 1
3.91 • 5
4.2 • 3
4.2 • 2
4.2 • 1

2S8 s 5
4.34 • 5
4.35 • 7
4.4 • 1
4.45 B S
4.5 • 2
4.69 • 1
S.4 • 2
5.9 • 2
6.0 a 2
6.13 m 9
6.26 • 1
6.3 • 2
7.2 • 2
7.5 •
7.6 • 2
7.7 i 2
7.8 a 8
8.1 • 1
9.01 • 15
9.0 a 1
9 > 1
9.40 a 12

10.4 • 2
10.7 a 2
10.7 a 1
11.1 a 3
12.44 a 7
12.45 a 28
14.0 a 1
14.13 a 5
14.2 a 1
14.2 a 5
14.6 a 5
14.62 M 5
15.2 * 1
15.65 a
17.28 a 3
17.4
17.8
18.2
18.27
18.5
18.7

a 2
a 1
a 5

• 7

a 4

••r
i « a p r

t i«pd
i»»Pc
• Ogb
* 3 , Ba
••Ib
1 •• A<J
i ' J S b
, 3 * S b

13*CS
•»Br
1 ••Cβ
i*«Tb
••KΓ
i*t In
••Sβ
13«X
»*»Gd
1 3 0 Sn
137 Xβ
'•Sβ
io7ga
»**Sb
13*Sb
•°Bb
1 0 4 Rα
»t>*TC
127 sn
i i*in
lOagg
10* pd

*°*Bh
••BΓ
••BΓ
••Mb
uosb
* ••PΓ
i2*sa
• ' S Γ
»**Tb
*°*Tc
**Ga
'•As
1901
l*2Gd
ia«Cs
i2*Sb
• Sf
i«*8a
1O2(|O
l * l g d
1 3 3 ^ Q
i • 3 La
t3*xe
ioitc
i»»Ce
l « 2 p C
tot no
••Rb
t 39 X&
t • • p^
•«»Br
••Bb

i •• Ba
••Sβ
I * * 2u

0 . 0
0 . 0
0 . 0
0
0 . 0
0.0

661.640 19
369 5

0 . 0
0 . 0

• 0
79.9

0.0
0.00
0.0
0.0

325 50
0 . 0

316.3
0
0 . 0
0 . 0

95.9 3
0 . 0

163 1
0 . 0

106.92 4
128.956 10

< 500
300

* 60
0 . 0

188.9 1
0 . 0
0 . 0

320 130
46 2
40.95 4

* 30
S9.03 3

0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

48.2
0
0

X+0.0
0 . 0
0 . 0
0
0 . 0
0 . 0
0.0
0 . 0
0 . 0
0 . 0

3.683 4
0 . 0
0 . 0

526.56
0 . 0
0
0 . 0
0 . 0
0 . 0
0 . 0
0

(3)

0»
(5/2*, 7/2 •)

(1**)
11/2-
(1/2)-

(«•)
(*-)

(5*)
(5/2*)
(1/2)-
0»

5/2-
0»
(7/2)-

1/2-

(8-)
(4-)

(3/2»)

0 »

11/2-
(5/2)-

2 -
3 *

(4,5) •
3 -

(5/2*)
( D -

( 4 ) -
3/2-

2*
0*-
(7/2,9/2)

(1/2-)
0»
0 *
(3/2*;»
(3/2*)

0*
(V2»)

5 -
1/2*

(3/2-)
11/2-
0 -
l f

2 -

(1/2)-
(5/2*1
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Table 2 coined

* fission product half-lives * continued

lucleus Z(level)

19.0 B 3
1 9 . 1 B

19.5 a
20.0 a
20.2 a
21.7 a
22 a 1
22.1 a
22.5 a

4
3
5
2
4

2
2

23 a 2
24.07 a 13
24.99 B 2
25.0 B 1
31.80 B 8
32.2 B 1
40 a 1
40.08 a
41.8 B 8
4S.9 B
48.7 a 2
49.71 a 4
50.3 a 2
51.5 a 10
52.6 a
53 a 2
54.IS a
55.4 a 4
56.12 a 1
57.25 a
60.0 a 4
69.6 a
72.1 a 7
76.4 a 10
82.78 B 4
83.6 a 17
84.9 a 11
87 a 1
90.7 a 2
92.7 B 7

1.73
1.83
2.10

132 a 1
2.30
2.39
2.68
2.71
2.84
2.90
3.12
3.19
3.54
3.93
4.3 b
4.32
4.36
4.42
4.44
4.91
5.37
5.5 b
5.98
6.02

b 1
b 2
b 4

b 3
b 2
b 2
b 1
b 3
b 1
b 1
h 1
b 1
It 6

1
b 3
b 9
b 1
b S
b S
b 5

1
b 2
b 2

6.61 b
9.01 b 3
9.083 b
9.35 b 7
9.4 b 2
9.5 b

10.1 b 2

i*»Sb
••T
i**Tb
1 1 * Ag
i2*Sb
lOTRh

l l t p d
tsssa
• >Se
istSb
•••PΓ
I**I
t JiTe
••BΓ
13«CS
1 3 0 Sb
** 3 Sn
1 3 4 Iβ
" • B α
i tiCd
* • Y
il«Cd
••Hb
•'•I
W'CS

i t*In
4 " T β

»°'Hh
•»Se
I Z * S B

•**Te
•?Bb
•TKr
7*Ge
1321
i3«Ba
'•Gβ
'•As
• %*La
i •»fd
•>Kr
i*»Sn
10»Rh
1 3 * 1
•»Br
isopa
•*sr
••KΓ
• '•cs
1 1 2 AQ
»«Y
•*Y
1*1 ia
iiein
i*»Sb
•»Kr
•°Br
lOSRd

" G a
1 *3Ao/

i n p d
• •*Pr
••Tc
• " I
***Sb
1 3S *{0

1 " T e
1 S4 ^ g

•»Sr
••Y

17.7
0 . 0
0 . 0
0 . 0

35
0 . 0
0 . 0
0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

24
0 . 0
0

396.0
555.S7 5

0 . 0

0 . 0
1627

127.268
334.2

39.750 7
102.89

0 . 0
0
0 . 0
0 . 0
0 . 0

* 120
0
0 . 0
0 . 0
0 . 0
0.0 2

41.56 2
0

• 138
0
0 . 0
0
0 . 0
0 . 0

138.738
0 . 0

682.04 S
0 . 0
0 . 0

336.23 5
0 . 0

305.0 2
15.95 40

0 . 0
0 . 0
0 . 0

172.0 1
0.00

142.63 3
0
0 . 0
0 . 0
0
0 . 0
0
0 . 0

2 -
3/2*

(5/2,7/2)*
(5/2»)

3/2-
(9/2) •, 2.44
(7/2*)

{ »

3/2*
2 -

3 (-)
(8-)

( 3 / 2 ) *

(1-)
11/2-
9/2*

0 *
(4,5)

(19/2-)
5 *

(H/2-)
7/2*

(7/2)*
0 *

3/2*
(9/2) •
(5/2*)

1/2-
(8-)

(7/2)-

(2-)
2 -

5/2-
1/2-

(11/2-)
(4,5#6)*

4 *
(3/2)-

0 *
0 *

8(-)
2(-)

7+
2 -
(7/2*)

1/2-
7/2*
1/2-

5 -
(3/2*)
(3/2) -

1/2 (-)
(11/2-)

(7/2*,5/2*)
( V2) -

3/2*
3/2*

0 *
5/2*
1/2-
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Table 2 conVd

* fission prodoct half-llfcs * continued

T t / , Nucleus Z(leyel)

11.30 h 1
12.36 h
13.46 b 2
14.1 b 2
15.15 b «
17.0 b 2
17.0 h 2
18.56 b 8
19.13 b «
20.12 b 6
20.8 k 1
23.35 b 5
26.32 h 7
27.06 h *
28.40 h «
28.7 b 2
30 b 2
33.0 b 2
3S.30 b 2
3S.36 b 5
38.8 b 3
40.22 b 2
46.5 b
46.7 b 1

2.191 d 30
53.08 b 5
53.46 b 10
64.1 b 1

2.70 d 1
66.02 b 1
78.2 b 8
86.6 b 8

3.83 d 4
5.29 d 1
5.37 d 1
6.91 d 2
7.47 d 2
8.0 d
8.04 d 1
9.64 d

11.9 d 1
12.4 d 1
12.789 d 6
12.98 d
13.56 d 2
14.0 d 3
15.19 d 6
18.66 d 2
32.50 d 7
33.6 d
35.IS d 3
39.35 d 5
41.3 d 1
44.6 d 3
50.55 d 9
58 d
58.51 d 6
60.20 d 2
63.98 d 6
72.3 d 2

109 d 2
129.2 d
245 d 20
250.4 d 10
284.31 d 24
368.2 d 12

2.062 y 5
2.6234 y 2
4.96 y 1

10.73 y 6

1 JOI

»*G*
»"!«
•»zr
• ' Z Γ
is»Gd
»**Pr
II*P<J
» « I
•••b
»**s
tztSa
tstpi

o»8a
n»Te
»*>Ce
•*Br
»«*ab
»**s
i»ota
r«zn
' " S i
»"Xe
'••Pi
»»»Cd
» » I
»«Sh
••HO
»J*Te
«»Sb
* * ' S b
' " X β

t««pa
i*itb
»l|g
t*«xe
u i i
' " S B
»JiXe
»**sb

u*Cs
i«spr

»»»Sn
»**Eu
•*Hb
»«»Ce
*«Te
•»Hb
103RQ

i*api
lI5Cd
••SΓ
»*«Te
«»f
ia»Sb
•»zr
»»<»Tb
»*»Te
»"Sn
1»»SB
IlOJg
'••Cβ

13»C8
»*'PB

•*Kr

0 . 0
0 . 0
0 . 0
0 . 0
0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

268.24
182.25 2

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

233.5
0.0 1
0 . 0
0 . 0
0
0
0

234.70 1*
0
0 . 0
0 . 0
0
0 . 0

236.14
0 . 0
0

163.930 13
0 . 0
0
0 . 0
0 . 0

314.58 4
0 . 0
0 . 0
0 . 0

105.50
0 . 0
0 . 0

137.2 2
173.4 3

0 . 0
144.73

0 . 0
0 . 0
0 . 0
0 . 0

88.26
0

89.54 1
117.69 10

0 . 0
0 . 0
0 . 0
0 . 0
0 . 0
0 . 0

<V2M
5 *

5/2*
3- f
(5/2*)

V 2 *
1/2*
3/2-

2 -
0»

7/2*
(6»)

2 -
3/2*
S/2*

11/2-
11/2-

3/2-
5 -
(7/2) •
3/2-

3 -
0 *

3/2*
11/2-

7/2»
1/2*

2 -
2 -

1/2*
0»
(1/2)-
(V2)*
3/2»

1 -
3/2*
1/2-

11/2-
7/2*

11/2-
11/2-

(8-)
0 *
5 *

7/2*
11/2-
0»
2 -

7/2-
11/2-
(9/2) •
5/2*

6 -
11/2-

5/2*
11/2-

V 2 -
3 -
(5/2) •

3 -
11/2-

(11/2)-
11/2-
6*
0*
0»

«(•)
7/2»
5/2»
9/2*
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Table 2 cont'd

' fission product half-lives * continued

T 1 / t Nucleus E(level)

13.6 7 3
13.6 7 2
28.6 7 3
30.17 7 3

- 50 7
90 7 *
127 7

2.03.10*
< 65000. 7

2.13«10»
* 10-10' 7

1.53-10*
2.3-10* 7
6.5.10* 7
1.57-10*
4.7K10

1
°

1.07. 10«»
5.1— 1 0**
2.1*10*'

> 3*10** 7
8-10" 7 2
> 1«10*• 7
> 5«10»* 7
> 5«10*' 7

1.9.10*°
2.51«10*»

stable

7 Iβ

y s

y io

3
7
y i
y '

y •
y •

y
y 27

•'Hb
«I3Cd

•°Sr
137CS

**»sn
ISISB
( 0
*Ag

••Bb
**Se
••Tc
i2*Sn
• ' Z Γ

u»Cs
1 0 7

 Pd
12*1

•'Bb
«*

7
Sa

ttsjn
*** Id
t t^cd
*

4 e
Sa

t * * S B
t * ' ^ ^

tsoHd
•*Se

»*°Te
it*Sn

30.4 3
263.7 3

0.0
0.0
8 6
0.0

109.58

0.0
0.0
0
0.0
0.0
0.0
0
0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0
0.0
0.0
0.0

1/2-
11/2-

7/2»
(11/2)-

S/2-

7/2*
9/2*

0*
5/2*
7/2»

(S/2)*
7/2*
3/2-
7/2-
9/2*

0*

0*
7/2-

0*
0*
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r

fiL-

r
r

r
i

r

r

r
r
r

r

r

r

C'l

7. J

CU

I vl

'3 A

CU

/N
GA

GE

CU

L ̂
GA

GE
AS

Cβ

ZN
GΑ

G£
AS

CU
7 A

GA

'Jt

AS

CU

Z-4
GA

•.it

AS

S6

CU

£̂ 1

G^

GE

AS

SE

CU

ZN

GA

GE

I

I

I
I

I
I
I

I
I
I
I

I
I
I
I
I

l

I
I
I
I

I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I

Q

z

29

3 0

29

3 0

31

29

30

31

32

29

30

31

32

33

29

30

31

32
33

29

30

31

32

33

29

30

31

32

33

34

29

3 0

31
32

33

34

29

30

31

32

calculated with

I

1

I

I
I

I
I
I

I
I
I
I

1

I
1

I
I

I
I
I
I
I

I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I

w

30

37

39
38

3 7

4 1)

39

38

37

41

40
39

38

37

4?.

41

40

39

38

43

42

41

40
39

4.4

43

42

41
40

39

45
44

43
4 2

41

4 0

46

4b
44

43

i

1

i

1

1

i

1

1

1

1

1

1

1

I
1

I
I

I
1

1
i

1

1

I
I
I
1

1

I
i

I
I
1

1

I
I
1

1

I

I
I
I
I

A

6 7

67

6 8
68

68

69

69

89

89

70

70
7 0

70

70

71

71

71

71

71

72

72

72

72

72

73

73

7 3

73

73

73

74
74

74
74

74

74

75

75

75

75

1

i

1

1

I

I

I
I

I
I
T

A

I

I
I
I
I
I

I
I
I
I
I

I
I
1

I
I

I
I
I
1

I
I

I
I
I
I
I
1

I
I
I
I

the different mass

5 90.
-1530.

4 0 4 0.
-32*0.

80.

2210.

180.

-1620.

-3630.

5590*
-1610.
1*20.

-5 28 0.

-2250.

3780.

1760.

- 2 0 .

-1790.

-3890 .

7 0 H n .

- 1 0 .

3? K) .

-3520.

-4 20 .

5280.

3 ?. H 0 .

1 16 0.

-220.

-2100.

-4170.

6500 .

1520.

4600.

-2120.

1240.

-5810.

6660.

4 770.

2H20.

970.

0

0

0
0

0

0

0

0
0

0
0
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0
0

0

0

0

0

0

0

1

i

I

I

I

I
I
I

I
I
I
I

I
I
I

I
I

I
I
I
I
I

I
I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I

I
I

i-H/ri 1 / r

V 1 0 . 0

-1360.0

4280.0
-2H20.0

-22 0.0

2780.0

e>60.0
-1580.0

-3V10.0

615 0.0

-
l
n 0.0

1870.0

-5 320.0

-2760.0

4430.0

2470.0

POO.O

-1980.0

-4170.0

7440.0

780.0

355 0.0

-3410.0

-860.0

5730.0

3B0O.O

187 0.0

-50.0
-229 0.0

-4430.0

8 690 . i>

2130.0

4 87 0.0

-1650.0

102 0.1)

-5840.0

6990.0

5100.0

3190.0

1390.0

Annex

prediction

A
l

I
I

I
l

i

I
I
1

I

I
i

I
I
I

l

1

I
l
i

I
i

i

l

I

l

i

I
l

I
l

i

i

I
I
l

1

1

I
l

I

: No 5

formulae, compared to the

btt/HO I

70 0.0

-1 10 0 . 0

b 1 0 0 . 0

-35 0 0.0

40 0 .0

24 0 0.0

80 0.0

-1900.0

-3800.0

6800.0

-1 800.0
2200.0

-6000.0

-220 0.0

4 20 0.0

25 0 0.0

-100.0
-2100.0

-4300.0

8 20 0.0
10 0. 0

390 0.0

-4300.0

-30 0.*

5 70 0.0

3b0o.O
1 8 0 0 . 0

-3 0 0.0

-2600.0

-44 0 0.0

9 7 0 0.0

15 0 0.0

530 0.0

-2400.0

14 0 0.0

-6700.0

7400.0

53 0 0.0

3300.0

1200.0

1

I

I

1

1

I

1

I
I
I

I
I

I
I
1

I
I
I
I
I

I
I
I
I
I

I
I
I
I
I
I

I
1

I
I
I
I

I
I
I
I

1

L1K//C.L

1 120.0
-137U.0

4990.0

-3160.0

-2 0.0

2940.0
5H(| . 0

-1820.0
-4240.0

8760.0
-133 0.0
20bO.O

-6030.0

-2760.0

4620.0

2350.0

80.0

-2250.0

-4610.0

8 310.0

410.0

3890.0

-4150.0

-640.0

6210.0

40 0 0.0

1810.0

-410.0

-2670.0

-4960.0

9720.0

21bO.O

5490.0

-23bO.0

12bO.O

-69f>0.0

7810.0

560 0.0

3430.0

1290.0

c

"i
I

I
1

I
I
I

I
I
I
I

1

I
I
1

I

I
1

I
I
I

I
I

I
I
I

I
1

I
I
I
I

I
I

I
I
I
I

I
I
I
I

H E / I . <>M

-8 0 0.0

-1 BO0.0

0.0

0.0

0.0

110 0.0
100.0

-3000.0
-4900.0

0.0

0.0
0.0

0.0

0.0

3200.0

2 0 0 0.0

-1100.0

-3000.0

-50 00.0

0.0

0.0

0.0

0.0

0.0

5400.0

320 0.0

I 000.0

-1000.0

-3200.0

-6500.0

0.0

0.0

0.0

0.0

0.0

0.0

7100.0

4700.0

3100.0

500.0

i

I

I
i

I
1

I

1

I
1

I

I
1

I
I
I

I
I
I
I
I

I

I
I
I
I

I
I
1

I
I
I

I
I

I
I
I
I

I
I
I
I

Wapstra +

JA/OA/Kc '

60 0. 0

-10 7o.()

4810.0
-3120.0

-12 0.0

262 0.0

9 0 0.0

-2180.0

-4170.0

6510.0

-109(1.0
1850.0

-6210.0

-2650.0

4350.0

280 0 .0

-140.0

-2200.0

-4890.0

816 0.0

6 3 0.0

3750.0

-4180.0

-6«0.0

59^0.0

4450.0

1590.0

-30 0.0
-2660.0

-4720.0

9630.0

2240.0
54 0 0.0

-2460.0

1220.0

-6700.0

7b2 0.0

5910.0

3200.0

1350.0

Bos evaluated data

I
I

1
I

I

I
I

I

I
I
1

I
I
I
I
I

I

1

1

I
I

I

I
I
I
I

I
I
I
I
I
I

I
I
I
I
I
I

I
I
I
I

.8)

CO/Kt

0 2 0 . 0

-1030.0

4640.0

-3 0 10.-0

-150.0

2 4 9 0.0

9 7 0.0

-2250.0

-4 04 0.0

6 37 0.0

-1 03 0.0

17b0.0

-6200.0

-2 380.0

4260.0

'2810.0

-330.0

-2120.0
-<f 500.0

dO4O.O

610.0

3740.0

-43&0.0

-360.0

580 0.0

4460.0
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Ŝ l

S3

TE
I

XE

CO
I J

S
A
i

Sβ

TE
I

XE

CO
I M

Si

S3

TE
I

XE
CS

I
I
I
I
I

I
I

I
I
I
I
I
1
I
I

1
I
I
I
I
I
I

I
I
I
I
I
I
I

i
i
i
i

i

i
i
i

47
48

49

50
51
52
53

47
48
49

50

51
52
53
54

48
49

50
51
52
53

54

48

49

50

51
52
53

54

48

49

50

51

52

53
54
55

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
1
I
I
I
I
I

80
7V
78

77
76

75
74

81

80
79

76

77
76
75

74

HI
80

79

78

77
76

75

«2
Ml
HO

79

78

77
76

83

82

«1
8 0
7y

7ti

77
76

I
1
I
I
I
1
I

1
I
I
I

I
I
1

I

1
I
I
I
I
1

I

I
I
1
1
1

I
I

I
1
1

1

1

I
1
I

127
127
127
127
127
127
127

128
128
128

128
128
128
128
128

129
129
129
129
129
129
129

13 0

130

130
130
130
130
130

131
131
131

13 1
131
131
131
131

I
I
I
I
I
I
I

1
1
I
I
I
I
I
I

I
I
I
I
I
I
1

I
1
I
I
I
I
I

I
1
I
I
I

I
I
I

d540.0
7230.0

59 30.0

2870.0

1570.0

250.0

-1050.0

10930.0

5700.0
8 1 -10 .0

1360.0

4000.0

-1240.0
1400.0

-3840.0

8 090.0

68 0 0.0

3790.0

2490.0

1 190.0

-90.0

-1390.0

656 0.0

9 1 '-> 0 . 0

2270.0

4 9 0 0.0

-30 0.0

2320.0
-*2850.0

1 0 9 9 0 . 0

76h0.0

466 0.0
3 3-) 0.0

2120.0

H30.0

-430.0

-1710.0

I
I
I
I
I
I
I

I
I
1
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

8750.0
7380.0

6010.0
3150.0

1780.0

410.0

-960.0

10980.0

6080.0
8250.0

I86 0 .0
4040.0

-650.0
1320.0

-3580.0

8310.0

695 0.0

4120.0

2760.0

1410.0

5 0.0

-13 0 0.0

70 0 0.0

9170.0

28 4 0.0

499 0.0

15 0.0
230 0.0

-255 0.0

10870.0
7 6 7 0.0

5 06 0.0
37 20.0

238 0.0

1040.0

-3 0 0.0

-1640.0

I
I
I
1
I
I
I

I
I
I
I
I
I
I
I

I
1
I
I-
I
I
I

I
I
I
I
I
I
I

1
I
I
I
I
1
I
I

910 0.0
780 0.0

6200.0

3300.0

150 0.0'

700.0

-900.0

11900.0
610 0.0
690 0.0

'l 50 0.0

4200.0

-1100.0
16 0 0.0

-380 0.0

8/00.0
7 2 0 0 . 0

42 0 0.0

2500.0
1300. u

10 0.0

-1300.0

7 0 0 0.0
97 0 0.0

2500.0
520 0.0

-40 0.0
25 0 0 .0

-2900.0

113 0 0.0

810 0.0
49 0 0.0

3600.0
2200.0

90 0.0
-400.0

-1500.0

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I.

I
I
I
1
I

I
I
I

8400.0

7090.0

6290.0

3050.0

1800.0

52 0.0

-760.0

10750.0

5540.0
8710.0

1330.0

4500.0
-1280.0

1940.0

-3620.0

7910.0
69M0.0

3960.0

2710.0
140 0.0

140.0

-1120.0

6420.0

9320.0

2270.0

5370.0
-3^0.0

2780.0

-2890.0

0.0

758 0.0

4880.0
3630.0

229 0.0

10 0 0.0

-250.0

-15 0 0.0

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I

I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

9900.0
8500.0

6400.0

2400.0

80 0.0

-500.0

-1500.0

0.0

0.0

0.0
0.0
0.0

0.0
0.0

0.0

9400.0

7500.0

3300.0

1800.0
5O0.O

400.0

-3100.0

0.0

0.0

0.0

0.0

0.0

0.0

o.o

12 7 0 0.0
8500.0

4000.0

26 0 0.0

14 0 0 . U

600.0

-12 0 0.0

-2000.0

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

6920.0
7000.0

6170.0

3090.0
1660.0

690.0

-84 0.0

11320.0

5280.0
6720.0

1300.0
4340.0

-1210.0

1970.0
-3860.0

7680.0

7000.0

3660.0

2550.0
1460.0

70.0

-1040.0

6390.0

9410.0

2130.0

510 0.0
-32D.0

2740.0
-2940.0

104b0.0

6110.0
4540.0

33dO.O
2230.0

96 0.0
-270.0

-1490.0

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

1

I
I
I
I
I
I

I
I
I
I
I

I
I
I

9 0 0 0 • 0
7130.0

b220.0

3150.0

1830.0

67 0.0

-70 0.0

11360.0

5360.0
6730.0

141U.0
4550.0

-1160.0

2130.0

-3960.0

7 730.0

6960.0

3930.0

^630.0
1610.0

260.0
-1140.0

6440.0

9310.0

2170.0

5 34 0.0

-110.0

3010.0

-2970.0

10330.0

6010.0

45 3 0.0

3560.0

2390.0

1310.0

-290.0

-1350.0

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
1

I

I
I
I
I
1
I

I

I
I
I
T

I
I
I

9710.0
7570.0

6770.0

3630.0
1910.0

770.0
-1100.0

12190.0
6040.0
9410.0

1830.0
48H0.0

-1140.0
18bO.O

-4350.0

8530.0

7860.0

4460.0

3060.0

1840.0

-50.0
-1390.0

7210.0

10360.0

2940.0

5710.0
40.0

2930.0

-3290iO

11330.0
9 0 4 0.0

54 3 0.0

41 V 0 . 0

26 7 0.0

11 41j . 0
-3.20.0

-19 10.0

I
I
I

I
I
I
I

I
I
1
I
I
I
I
I

I
I
I
I
I
I
I

1

I
I
I
I
I
I

I
I
I
I
I
T

1
T

0.0
0.0

0.0
0.0

1581.0
694.0

-664.0

0.0
0.0

0.0

1350.0

4251.0
-125O.0

2120.0
-3907.0

0.0
0.0

399b,0
2376.0

1504.0

190.0
-1136.0

0.0

0.0
2000.0

4967,0
-4 50.0

2s<b4.G

-3019.0

0.0

O.O

0. 0
0 . 0

y.'i: '•? 0 • '•'

-•' "f 1 ,, t •'

-li^-.O

-1341.0

i

i
i
1
J

I
i

]

i
i

1

I
1

i

]

I
1
1

i

i

j

]

3

J

j

J
j

j

J
i

i
i

1



1

1

t

H-:L£^£

!
T T£

r i
r .<£
r C S

T IN

r S Μ

T SB

[ T£

i r

x.£
1 C S

r ~t A

f Sd»

r
 T E

I I

r <E

i CS

r 6A

i S ̂J

1 Sr5

r TE
: I
f XE
f
 C S

r HA

SM
:
 S-J

TE
I

• <E
i C S
r
 dA

• LA

: Sri

• T E

I

I

I

1

I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
]

1
I

I
I
I

I

49

50

bl

52

5*3
54

65

49

50

51
52

53
54

55

56

50

51
52

53

54

55
b6

50

51
52
53

54

55

56

50

51

52

63

54

55

56

57

51
52
53

I

I

I

I
1

I
I
I
i

I

1
1

1

I
I

I
1

I

I
1
I
I
I
I
I

1
1

I
I
I
I
I

I
I
1
I
I
I
I
I

I
1
1

N

63

62

81

80

79

7 b

77

64

63

82

81

80
79

78

7 7

84

b3

82

81

6 0

79

78

85

84

63

82

81

80

79

66

65
b4

83

62
81

60

79

8b

85

84

1

1

i

1

i

1

i

1

1

1

1

1

1

1

1

1

1

1

1
1
I
1
1
1
i

I
I
1
I
I
I
I

1
1
I
I
I
1

I
1

1

I
I

A

132

132

132

132

132

132

132

133

133

133

133

133

133

133

133

134

134

134

134
134

134

134

135
135
135
135
135
135
135

136

136

136

136

136

136

136

136

137
137
137

1

I

I

I
I
1

I
I
I
I

1

I
1
1

I
1

I
I

I
I
I
I
I
1
I

I
I
I
I
1
I
I

I
I
I
I
I
I
I
I

I
I
I

2)

12070.0

3160.0

b770.0

6 2 0.0

324 0.0

-191 0.0

6^0.0

10 540.0

756 0.0

42 70.0

3 0 10.0

1750.0

480.0

-770.0

-2040.0

60 60.0

6660.0

152 0.0

4110.0

-980.0

1610.0

-35 0 0.0

b38O.0

716 0.0

i>890.0

2640..0

1 3'8 0.0

140.0

-1110.0

6 88 0.0

s>460.0

4410.0

6^90.0

-80.0

25 00.0

-2570.0

20 . 0

796 0.0

6730.0
b500.0

I

1

I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
I
I

i

etf/Hl /Ji\"

1 1720.0

378 0.0

5930.0

1120.0

32 7 0.0

-155O.il

6 0 0.0

1039 0.0
76 3 0.0

466 0 .0
3330.0

20 10.0

66 0 . 'I

-650. 0

-1970.0

633 0.0

649o . 0

2 0 7 0.0

4210.0

-560.0

157 0.0

-3210.0

8480 . 0

7190.0

5910.0

2950.0

164 0.0

320.0

-990.0

7180.0

9 330.0

4630.0

6770 .0

390.0

2520.0

-2220.0

-100.0

8040.0

6760.0

5490.0

)}
I

1

I
1

i

I
I
I

I
1
I
1

1

1
I
I

I
i
1

I
1

I
1

I

I
I
I
I
1
I

1
1
1

I
I
I
1
I

I
I
I

SLt/hO

12500.0

34 0 0.0

6000.0
bOO. 0

3b00.0

-2100.0

1 0 0 0 . 0

113 0 0.0

7r>0 0 .0

450 0.0

310 0. 0

1 7 0 0 . 0

4 0 0.0

-6 0 0.0

-2200.0

6 50 0.0

6800.0

14 0 0.0

4400.0

-1300.0

17 0 0.0

-3600.0

"850 0.0

76 0 0.0

5700.0

270 0.0

140 0.0

0.0

-14 0 0.0

740 0.0

98 0 0.0

450 0.0

70 0 0.0

-400. 0

2700.0

-3000.0
100.0

66 0 0.0

670 0.0

58 0 0.0

4
i

i

I
i

I
i
I
i

t
i
i
i
i
i
i

I

I
i

i
i
i

i
i

i
I
i
i
I
I
i

i
i

l
i
i
i
i

i

I
I
i

LlR/7fL

0.0

J370.0
6280.0
bbO .0

3b20.0

-2000.0

1110.0

0.0
8b30 . 0

450 0.0

3210.0

188 0.0

bOO.O

-650.0
-1880.0

8120.0

920 0.0

152 0.0

4470.0

-1110.0

192 0.0

-3610.0

10130.0

8620.0

6230.0

2720.0

147 0.0

190.0

-1040.0

6910.0
10 710.0

54bO.O

7150.0

-180.0

2740.0

-2740.0

260.0

9640.0

7370.0

6340.0

4
i

i

I
I
I
I
I
l

i

I
i

I
I
I
I
i

I
I
I
i

i

I
I

I
I
I
I
i

I
I

I
i

i

I
I
I
I
I

I
I
I

BE/LlV

0.0

0.0

0.0

o.o
0.0

o.o
0.0

12700.0
710 0.0

4500.0

20 0 0.0

1600.0

-30 0.0

-10 0 0.0

-28 0 0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

8500.0

64 0 0.0

5800.0

25 0 0.0

5 0 0.0

100.0

-180O.0

o.o
0.0

0.0

0.0

n.o
0.0

0.0

o.o

9100.0

6600.0

7000.0

0}
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I
I

I
1
I
I
I
I
I

I
I
1
I
I
I
I

I

I
1

I

I
I
I
I

I
I
I

JA/13A/KE
1

1 2 1 7 0 . U

3250.0

5780.0

5 0 0.0

3510.0

-2050.0

1 190.0

10 840.0

7 .i 1 0 . 0

4490.0

2910.0

1790.0

490.0

-59 0.U

-19 0 0.0

5980.0

8550.0

1610.0

420 0.0

-1230.0

1950.0

-366 0.0

6090.0

7220.0

5680.0

29 0 0.0

1lbO.O

230.0

-1130.0

6910.0

9330.0

4350.0

69bO.O

-1 10.0

2640.0

-2650.0
360.0

6150.0

6460.0

'5630.0

I

I
I
I
I
I
I
I

I
1
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
I
I

I
I
I
I
I
•I

I
I

I
I
I

CO/K£

1 Wdf) .0

3 2^0 . 0

5V4 0 .0

620.0

36f0.0

-2 030.0

1310.0

10700.0
7 130.0

464 0.0

2960.0

2 1 0 0 . 0

b30.0

-4 7 0 .0

-1950.0

59 20.0

6340.0

lb70.0
4 q- 3 0 . 0

-1230.0

2 0bO .0

-3b90.0

e0 70.0

7 330.0

bb70.0

3130.0

1 lno.0
280.0

r!17u.O

6670.0
94 70.0
4 3 b 0 . 0

/ 000.0

-140.0
2630.0

-2900.0
390.0

b280.0
6500.0
5780.0

"i
i

i
i

i
i
i
i
1

i
i

i
i

i
i
i
1

i
i
i
i
i

i

i

i

i
i
i
i
i
i

i

i
i

i
i

i
i

i

i

i
i

JA/EY '

1317 0. 0

4110.0

6 6 b 0 . 0

1150.0

3770.0

-2110.0

10 6 0.0

1 1 830.0
8 24 0.0

53bO.O

364 0.0

2250.0

530.0

-7 30.0

-236 0.0

6900.0

9500.0

2320.0

4750.0

-10 0(1.0

19 10.0
-4l7o.O

6960.0

816 0.0

6450.0

3430.0

1510.0

3 6 U . 0

-1530.0

77 4 0.0

10220.0

5130.0

7560.0

1 vo . 0

26oO.O

-3050.0

-4 0.0

9010.0

716-0.0

6230.0

1

1
1
I
I
I
1
1

1
I
I
I
I
I
i

I

I
I
I
1
I
I
I

I
1

I
I
1
I
I

1

I
1
I
I
I
I
I

1

I
I

WAP/dUb

0. 0

32 2U.0

5601 . i-

60b . l>

3560.U

-2103.0

1269.u

O.o

o.a
39bO.u

2971.0
1760.0

42 7. u

-52 0.0

0 . 0

O.G

0.0

0.0

4l55.0
-1217.0
2 0 b a . 0

-37 r. o.o

0.0

0.0

6195.0

27)o.O

1159.0

20 5.0

-1200.0

0.0

U.'J

0.0

71>0 5. 0

-<•• v . u

2546.0
-2874.0

460.0

0.0

•o.o
5495.0

~i

I

j

i

1

j

I
1

I
I
I
1
I
i

I
i

]
]

j

j

i
J

1
j

!

i

J

r

]

J

j

j

j

i

i

j

I

1



: i
ELEMENT I MYEWS 2) I bR/HI/TA^I

I 1
Sth/HCr LIK/7EL HE/LOM, JA/GA/KE Î CU/KE JA/EV^i
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I
I
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I
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I
I
I
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I
I
1
1
1

I
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-7 0.0
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27 0 0.0
4670.0
-20.0
2010.0
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38S0.0
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1050.0
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650 0.0
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8280.0
3630.0
5610.0
9 0 0.0
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0.0
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0.0
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0.0
0.0

0.0
0.0
0.0

2716.0

0.0
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0.0
0.0
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0.0
0.0
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0.0

I

i
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1
I
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X
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1

I
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J
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i
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APPENDIX Al

Al. ADDITIONAL EXPERIMENTAL RESULTS

This appendix provides tables and figures of experimental results
035 23Q 233

for c U thermal fission. Recent measurements on Pu and U

have been made at IRT, LASL and ORNL. The results are preliminary and

are not reported here. However, comparisons of the LASL measurements

with ENDF/B-IV calculations show agreement within the experimental

uncertainties. The current estimate of uncertainty in the preliminary

measurement of data are approximately 5%. The final uncertainty is

expected to be smaller when the radio chemical determination of the

number of fissions is complete, and of course, this determination

could also alter the agreement with calculation.

LASL RESULTS
TABLE I

235.
EXPERIMENTAL AND CALCULATED DECAY HEAT FOR THE PRODUCTS OF THERMAL FISSION OF U

Coolin*
Tie*
(«)

10

IS

20

25

30

35

40

45

50

55
60

65

70

7$

to
85

90

Experimental
Decay
Heat

(MeV/fiss)

8.10
7.38

6.933
6.595

6.335
6.109
5.920
5.758
5.614

5.481
5.3S8
5.244

5.141

5.047

4.958
4.881
4.806

2 * 104 s

Experimental
Uncertainty

(1 0 ia %)

4 . 1

3 . 0

2 . 6

2 . 4

2 . 3

2 . 2

2.1

2 . 1

2 . 0

2 . 0

2 . 0

1.1

1 . !

1.1

1.1

1.1

1.1

Irradiation

Calculated
Decay Heat Ratio
using CINDER-lOExp/Cale
and EKDF/B-IV Decay
(MeV/fiss) Heat

7.780

7.239
i

(

(

S.842

S.531
i.276
i.060

1.873
(.709

5.562
5.429
5.309
5.198

5.097

5.003
4.915
4.834
4 .758

1,041
1.019

1.013
1.010
1.009
1.008

1.008
1.009

1.009
1.010
1.009
1.009
1.009
1.009

1.009
1.010
1.010

Experimental
Decay Heat

Extended by
CINDER-10

and •
EKDF/B-IV

(MeV/fiss)

J.6S

8.93

8.480

8.142

7.882

7.656

7.467

7.305

7.160

7.027

1

<

&.904

1.790

1.687

1.593

i.5D4

1.427

1.351

Infinite Irradiation

Experimental
Uncertainty*
(1 0 in %)

3.5
2.5

2.2
2.0
1.9
1.8
1.7
1.7
1 . 6

1.6

1 . 6

1.5

1.5

1.5

1.5

1 .4

1.4

Calculated
Decay Heat
using CINDER-10
and ENDF/B-IV
(MeV/fiss)

9.327

8.786

8.389

7.420

6.855

6.461

Ratio
Exp/Calc
Decay
Heat

1.035

1.016

1.011

1.006

1.007

1.007
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TABU I

(continued)

Coolinf
Tiae
Cs)

95

100

110

120

130

140

150

160

170

ISO

190

200

250

500

350

400

450

500

600

700

goo
900

1000
1100

1200
1300
1400
1500
1600
1700
1800
1900
2000
2500
3000
3500
4000
4500
5000
6000
7000
8000
9000

10000
15000
20000
25000
30000

62183
100000

Experimental
Decay
Heat

(MeV/fiss)

4.754
4.667
4.544

4.426
4.339
4.251
4.170
4.092
4.021
3.960
3.899
3.841
3.608
3.419
3.265

3.135
3.022
2.920
2.746
2.598
2.474
2.363
2.264

2.173
2.093
2.020
1.950
1.886
1.827
1.773
1.721
1.671
1.627

1.431
1.283
1.166
1.067
0,9808

0.9111
0.7998
0.7195
0.6480
0.5886
0.5401
0.3803
0.2918
0.2359
0.1947

0.0823
0.0454

2 X 104 s Irradiation

Calculated
Decay Heat Ratio

Experimental using CINDER-10 Exp/Calc
Uncertainty and ENDF/B-XV Decay
CI c in %) (MeV/fiss) Heat

1 .8

2 . 8

1 .8

1 . 7

1 .7

1 . 7

1.7
1.7

1 .7

1 .7

1.6

1 .6

1.6

1 .6

1.6

1 .6

1.6

1.6

1 .5

1.5

1 .5

1.5

1.5

1.5

l . S

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

2 . 3

2 .0

1.6

1.6

1.7

1.8

2 .0

2 . 2

2 .3

2 .2

2 .2

4.686
4.619

4.496
4.385
4.286

4.195
4.112
4.035
3.964
3.899
3.838
3.780
3.541
3.355
3.205

3.078
2.969

2.875
2.709
2.572
2.455
2.351
2.258
2.174
2.098
2.027

1.962
1.901
1.845
1.791
1.741
1.694
1.650
1.460
1.311
1.191
1.092
1.008

0.9362
0.8198
0.7287

0.6553
0.S948
0.5440
0.3778
0.2874
0.2311
0.1923

0.0832
0.0455

1.010
1.010
1.011
1.009
1.012

2.013
1.014
1.014
1.014
1.016
1.016
1.016
1.019
1.019
1.019
1.019
1.018

1.016
1.014
1.010
1.008
1.005
1.003
1.000
0.998
0.997
0.994
0.992

0.990
0.990
0.989
0.986
0.986
0.980
0.979
0.979
0.977
0.975
0.973
0.976
0.987
0.989
0.990
0.993
1.007
1.015
1.021
1.012

0.989
0.998

Experimental
Decay Heat

Extended by
CINDER-10

and
ENDF/B-Iv

(MeV/fiss)!

6.279
1.212

6.089
5.971
5.884

5.795
5.714
5.636
5.565
5.503
5.442

^5.384
5.150
4.960
4.805

4.673
4.559
4.456
4.280
4.130
4.004
3.890
3.789
3.696
3.614
3.539
3.467
3.401
5.340
3.284

3.229
3.177
3.131
2.925
2.768
2.641
2.533
2.438
2.360

2.231
2.135
2.049
1.975
1.912
1.691
1.552
1.453
1.375

1.105
0.971

Infinite Irradiation

Experimental

Uncertainty*
(1 e in %)

1.4

1.4

1 .4

1.4

1.4

1.4

1.4

1.4

1 . 3

1 . 3

1 .3

1 .3

1 .3

1 .3

1 .3

1.3
1 . 3

1 . 3

1.2
1 .2

1.2

1.2

1.2
1.2

1 .2

1.2

1.2

1 .2

1 .2

1 .2

1 .2

1.2

1 .2

1.3

1 .3

1.3
1 .3

1 .3

1 .3

1.5

1.5

1 . 5

1.5

1.5

1.6

1.7

1.7

1 .7

1.9

1.9

Decay Heat
.froa CIKDER-10

I ENDF/B-IV
(MeV/fiss)

6.164

5.655

5.323

4.616

4.243

3.984

3.783

3.416

3.154

2.557

2.251

2.056

1.916
1.689
1.547

0.969

Ratio
Exp/Calc
Decay
Heat

1.008

1.010

1.011

1.012

1.009

1.005

1.002

0.996

0.995

0.991

0.991

0.997

0.998
1.001
1.003

1.002

^Calculated on the assumptions that the calculated infinite irradiation decay heat curve has 2% uncertainty for

*cool - 2 x lt>4 •• a n d ***** t h i l uncert*i',ty i> uncorrelated with the experimental uncertainty.
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24 H Total Decay Heat
S A M P L E NO 1 2 5 2 4 H O R H A l I 2 A T 1 OH • i .eeeec«ee 1 REP- e IRT RESULTS

2ee
261
2 6 2
2 6 3
2 6 4
2 6 5
2 6 6
267
2 8 8
2 8 9
2 1 6
21 1
2 1 2
2 1 3
2 1 4
21S
2 1 6
2 1 7
2 1 8
2 1 9
2 2 6
221
2 2 2
223
2 2 4
225
2 2 6
2 2 7
2 2 8
2 2 9
236
231
232
233
235
2 3 6
2 3 7
23 8
2 4 6
24 1
2 4 2

243
2 4 4
2 4 3
2 4 6
2 4 7
2 4 9
2 5 *
25 1
2 5 2

253
2 5 4

256
2 5 7
2 3 8
259
2 ( 8
261
26Z

264
263
2 6 6
2 6 7
2 6 8
2 6 9
2 7 8
2 7 1
2 7 2
273
274
275
276
277
278
279
288
282
283
2 8 4
2 8 5
2 8 6

2
3
4
5
6
7
8
9

I β
1 1
12
13
14
15
16
17
18
19
2 8
21
22
2 3
2 4
2 5
2 6
27
2 8
29
3 6
31
32
3 3
34
3 5
36
37
3 8
3 9
4 8
41
4 2
4 3
44
4 5
4 6
4 7
4 8
4 9
Sβ

51
5 2
S 3
34
3 3
5 6
57
5 8
3 9
6 8
61
6 2
6 3
6 4
6 5
6 6
6 7
6 8
6 9

78
71
72
73
74
7 5
7 6
77
78
7 9
8 8

81

T

. 8 5
1.85
1. 35
1.78
2. 18
2 . 5 5
3 . 8 5
3 . 6 8
4 . 3 8
5. 18
6 66
7 . * S
8 . 2 5
9. 65

1 1 . 2 5
13. 16
1 5 . 2 5
i 7 . e e
2 8 . 6 5
2 4 . e e
27. 98
3 2 . 4 8
3 7 . 5 5
4 3 . 6 8
5 0 . 5 5
5 8 . 6 8
6 8 . 8 8
7 8 . 9 5
9 1 . 5 5

186.IS
123. 15
1 4 2 . 7 5
1 6 3 . s e
i 9 i . e e
2 5 9 . 5 8
3 8 8 . 4 8
34 7.. 8 8
4 8 2 . 6 5
5 4 1 . 3 6
6 1 9 . 6 5
6 9 8 . e e
7 7 6 . 3 5
8 5 4 . ( 0
9 3 2 . 9 8

1 8 1 1 . 2 8
1 8 8 9 . 5 8
1 2 4 8 . 5 8
1 7 6 3 . e e
1 9 8 6 . 1 8
2 4 3 6 . 6 6
2 6 3 2 . 7 8
3 8 8 1 . 6 6
372B.8B
3 9 2 3 . 7 e
4 3 9 8 . 5 6
4 5 9 9 . 8 8
5 8 4 8 . 2 8
5 5 8 7 . 8 6
( 3 3 0 . ( 0
• 3 9 7 . 9 8
9 3 2 3 . 6 6

l > 2 6 2 . 2 6
1 1 2 3 2 . 4 8
1 4 4 4 8 . 7 6
1 6 9 2 6 . 8 8
1 9 4 2 5 . 8 8
2 1 9 5 9 . 1 8
2 4 4 6 7 . S e
2 6 9 4 7 . 8 6
3 1 9 2 8 . 3 8
3 6 9 4 2 . 4 8
4 1 9 4 9 . 7 8
4 ( 9 3 2 . 7 8
5 1 9 3 5 . 2 6
64986.Cβ
7 4 8 9 6 . 8 8
9 4 9 2 3 . S 9

1 8 8 8 8 3 . 5 6
1 8 6 5 8 8 . 8 8
1 2 9 8 9 3 . 8 8
1 5 4 8 7 7 . 5 9

FH

. 6559826

. 6 5 5 3 8 2 2

. 8 5 4 6 4 9 6

. 8 5 3 4 9 3 2

. 8 5 2 4 5 9 4

. 8 5 1 7 3 7 8

. 6 5 6 1 6 8 0

. 6 4 9 8 8 8 8

. 6 4 7 7 9 7 8

. 8 4 6 7 9 9 1

. 8 4 5 7 2 9 3

. 0 4 4 3 7 7 9

. 6 4 3 2 3 9 3

. 0 4 2 2 2 6 5

. 8 4 8 9 2 8 7

. 8 3 9 7 9 4 8

. 8 3 8 7 2 2 6

. 6375461

. 6 3 6 4 7 4 3

. 8 3 5 3 6 8 8

. 6 3 4 2 9 9 3

. 8 3 3 3 5 9 8

. 8 3 2 2 8 4 6

. 8 3 1 2 8 6 8

. 8 3 6 2 0 8 5

. 8 2 9 2 3 6 4

. 8 2 8 2 3 6 2

. 8 2 7 2 3 5 5

. 8 2 6 2 6 5 8

. 0 2 5 2 5 8 1

. 8 2 4 3 8 1 9

. 8 2 3 4 6 9 8

. 8 2 2 5 7 7 7

. 8 2 1 7 6 4 5

. 8 2 8 1 5 7 3

. 8 1 9 4 1 1 8

. 8 1 8 7 0 2 1

. 0 1 8 0 1 7 2

.B166425

. 8 1 5 9 8 3 5

. 8 1 3 4 2 6 6

. 8 1 4 9 5 7 2
.6144784
. 6 1 4 8 8 1 6
. 8 1 3 6 7 7 4
. 8 1 3 3 3 8 8
. 8 1 2 6 6 5 4
. 8 1 6 8 3 6 5
. 8 1 6 4 4 4 6
. 8 0 9 6 6 5 2
. 8 8 9 1 7 6 7
. 6 6 8 5 9 6 1
. 0 6 7 7 9 8 5
. 0 6 7 7 0 7 3
. 6 6 7 0 6 3 4
. 8 0 7 0 1 7 0
. 6 8 6 6 7 4 6
. 8 0 6 3 6 2 7
. 8 0 5 6 2 3 9
. 6 6 5 6 5 9 6
. 8 8 4 6 7 3 6
. 6 6 4 3 0 1 3
. 8 8 4 2 9 8 6
. 8 6 3 6 2 1 2
. 6 6 3 2 6 6 9
. 0 6 2 9 5 8 6
. 6 0 2 7 2 9 5
. 0 8 2 5 1 4 9
. 6 6 2 3 3 7 8
. 8 8 2 8 7 1 9
. 8 8 1 8 2 6 9
. 8 8 1 6 2 2 1
. 8 8 1 4 6 6 8
. 6 0 1 3 4 1 4
. 8 8 1 8 7 5 9
. 8 6 0 9 1 2 3
. 8 0 0 7 8 9 9
.8886724
. 6 8 8 ( 1 9 8
. 8 8 6 4 8 8 1
. 6 6 6 4 8 4 9

STB DEV

.0664687

.8663142

.86631 14

.6662638

.8662789

. 6 8 8 2 ( 1 8

.8662551

.8882484

.6662216

.8882186

.8682851

.0601969

.0061878

.0661865

.6861727

. 6 6 6 1 6 5 3

.6861589

.6661524

.6681465

.8681485
8661356

.8881364

.6661258

.6661267

.6661161

. 6 8 8 1 1 2 8

.6661679

. 6 6 6 1 6 3 8

. 8 6 6 8 9 9 6

. 6 6 6 0 9 6 6

. 8 6 8 8 9 2 3

. 8 0 8 6 8 9 6

. 6 6 6 6 8 3 3

. 6 8 6 6 8 2 6

. 8 8 8 8 7 ( 6

.8668738

.8660711

. 6 6 6 6 6 8 8

. 0 6 0 6 ( 3 7

. 8 6 6 6 ( 1 4
•686396

.8666378
. 8660364
.6666549
.6688854
. 8 8 8 8 5 2 2
.8068564
.8880918
.8600467
.0000891
. 0 8 8 6 6 ( 3
. 8066556
. 6 8 6 8 3 1 8

. eeeiese

. 0 6 6 0 6 7 7

. 0800617

. 8 8 8 8 9 8 6

. 0 8 0 0 2 7 6

. 6 8 6 6 2 6 9

. 8 8 8 8 2 8 9

. 8 8 6 0 2 4 6

.6660149

. 8 8 6 8 1 8 6

. 6 6 6 6 1 3 6

.6666141

.6666096

.0800114

.0660Bβ7

. 8 8 6 8 8 9 6

. 8 8 6 8 8 7 9

. 6 6 8 8 8 7 9

. 8 6 8 6 8 7 9

. 6 6 6 0 6 5 5

. 6 6 0 0 0 5 9

. 6 6 6 6 8 6 3

. 0 8 8 6 8 5 3

. 6 8 8 9 8 5 5

.88868(2

.8888054

.8868854

. 6 6 8 8 8 ( 1

HEV/F1S

11 . 1 9 6 5 2 7 5
1 1 . 8 7 6 4 4 6 5
18 9299145
1 8 . 6 9 8 6 4 8 5
1 8 . 4 9 1 8 8 8 4
1 0 . 3 4 7 4 8 8 3
1 8 . 8 3 3 5 9 6 6

9 . 8 1 ( 1 ( 6 2
9.5395531
9.3598278
9 . 1 4 5 8 ( 8 3
8 . 6 7 3 5 7 6 0
8 . ( 4 7 8 ( 3 4
8 . 4 4 5 3 8 1 1
8. 1841431
7 . 9 5 8 9 ( 8 5
7 . 7 4 4 3 2 ( 9
7 . 5 8 9 6 1 3 8
7 . 2 9 4 8 3 1 3
7 . 6 7 2 1 3 5 6
( . 8 5 9 8 ( 7 1
( . ( 7 1 8 8 7 3
( . 4 5 6 8 6 7 1
( . 2 4 1 7 5 3 6
( . 8 4 1 6 9 5 6
5 . 6 4 6 8 8 7 5
5 . 6 4 6 8 4 7 6
S . 4 4 7 1 6 7 3
5 . 2 3 3 8 6 6 6
S . 0 5 0 0 1 ( 4
4 . 6 7 ( 3 7 2 3
4 . ( 9 3 7 9 7 1
4 . 3 1 5 5 4 2 6
4 . 3 5 ( 9 8 1 2
4 . 8 3 1 4 ( 8 8
3 . 8 8 2 3 5 9 8
3. 7484127
3 . ( 8 3 4 3 ( 9
3 . 3 2 6 5 0 1 2
3 . 1 9 6 6 9 9 1
3 . 0 8 4 1 1 3 1
2 . 9 9 1 4 4 8 8
2.8956881
2.8162688
2.7354896
2.6661696
2 . 5 3 3 6 7 ( 3
2.1676946
2.6889173

. 9 3 3 8 4 ( 8

. 8 3 5 3 3 ( 4

. 7 1 9 ( 1 3 1

. 5 5 8 1 0 0 0
1.3414593

. 4136876

. 4 0 3 4 8 6 1

. 3 3 4 9 2 9 2

. 2 7 2 5 4 4 6

. 1 ( 4 7 8 8 5

. 8 1 1 9 1 1 6

.9347277

.9663047

.8597126

.7242475

. (533073

.5915929

.5436936

.5829878

. 4 ( 7 5 6 2 6

. 4 1 4 3 7 9 1

. 3 6 4 1 8 8 6

. 3 2 4 4 1 2 5

. 2 9 3 7 ( 8 4

. 2 6 8 2 8 3 6

. 2 1 5 1 7 4 8

. 182439C

. 1419835

. 1 3 4 4 7 2 6

. 1 2 3 9 ( 6 1

. 8 9 7 6 1 ( 9

.88897(3

STB BEV

8937423
.6628314
.6622764
.6565962
. 6 5 5 7 7 3 3
.6521981
.8518136
.6488749
. 8 4 4 3 1 7 8
. 8 4 3 5 9 1 2
. 8 4 1 8 2 8 9
.6393827
. 6 3 7 5 5 3 8
. 8 3 6 8 9 3 8
.6345377
. 6 3 3 8 6 2 8
.8317725
.6364871
.8292918
. 6 2 8 0 9 7 6
. 8 2 6 9 9 3 3
.8268724
. 6 2 5 1 5 4 2
.6241446
.6232266
.8224817
. 8 2 1 5 7 6 8
. 6 2 8 7 5 2 5
. 8 1 9 9 2 8 3
. 6 1 9 1 9 5 6
. 6 1 8 4 5 5 6
.6178887
.6178698
. 6 1 ( 5 1 ( 1
. 6 1 5 3 1 7 5
. 8 1 4 7 ( 4 5
. 8 1 4 2 1 2 8
.8137524
. 6 1 2 7 4 2 8
. 8 1 2 2 8 3 3

.6119170

.81.1.5.3 8.4.

. 6 1 1 2 7 ( 4

. 6 1 6 9 6 1 2

.6016724

.6184491

. 8 1 6 8 7 8 5

. 6 1 8 3 5 8 6

. 6 8 9 3 3 9 4

. 0 1 7 8 1 2 5

. 8 1 3 2 5 1 1

. 6 1 1 1 1 4 2

. 6661921

. 8 2 8 9 9 5 5

. 0 1 3 5 4 1 0

. 6123343

.8181181
8055518

. 8 8 5 3 7 8 9

. 8 8 4 1 7 5 8

. 6 6 4 9 1 8 2

.6829866

. 0 8 3 7 2 2 3

. 0 0 2 9 9 1 9

. 8 6 2 0 1 2 3

. 6 8 1 9 1 6 6

.6822741

. 6 8 1 7 4 5 8

. 6 8 1 9 2 1 9

.8615781

. 6 6 1 5 8 6 5

. 6 8 1 5 8 2 7

. 8 0 1 1 0 2 8

. 6 6 1 1 7 0 4

. 8 8 1 2 5 4 3

. 8 8 1 0 9 7 3

. 6 6 1 6 9 1 6

. 6 8 1 2 4 9 8

. 8 6 1 8 8 7 5

. 8 8 1 6 7 3 8
8812238
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ON

I

FISSION-PRODUCT DECAY-HEAT COMPARISON
of ENDF/B-IV and IRT data (1976)

ZΓ 98 and Y 96 corrected
Beta Heat 24-hr, exposure

a>

6*10"

T 1—I 1 I 1 I T 1 1 > 1 1

IRT data
ENDF/B-IV

10'
t,sec

10"

FISSION-PRODUCT DECAY-HEAT COMPARISON
of ENDF/B-IV and IRT data (1976)

Zr 98 and Y 96 corrected
Gamma Heat 24-—hr. exposure

•C Uf:

2

if

4*10
10" 10



ORNL RESULTS
Gamma-ray Energy Release and Yields from Fission Created by Thermal-Neutron Fission of U

Irrrdiation
line
(sec)

1.0 ± 0.1

10.0

Waiting
Timec

(sec)

1.7 ± 0.1
2.7
3.7
4.7
6.7

9.7
14.7
19.7
24.7
34.7

44.7
59.7
75
90

10.7
16.7
24.7
34.7
44.7

54.7
74.7
95
115
155

215
295
395
595

Counting
Timed

(sec)

1
1
1
2
3

5
5
5
10
10

15
15
15
20

6
8
10
10
10

20
20
20
40
60

80
100
200
200

"Average"
Timee

(sec)

2.7
3.7
4.7
6.2
8.7

12.7
17.7
22.7
30.2
40.2

52.7
67.7
83
100

18.7
25.7
34.7
44.7
54.7

69.7
89.7
110
140
190

260
350
500
700

Experiment8

Energy Release
(MeV/fission)

0.188 ± 0.010
0.146 + 0.007
0.119 ± 0.005
0.188 ± 0.008
0.210 ± 0.008

0.248 + 0.008
0.182 ± 0.006
0.143 ± 0.005
0.223 ± 0.007
0.170 ± 0.005

0,199 ± 0.006
0.154 ± 0.005
0.124 ± 0.004
0.131 ± 0.004

0.216 ± 0.007
0.211 ± 0.007
0.198 ± 0.006
0.156 ± 0.005
0.127 ± 0.004

0.197 ± 0.006
0.149 ± 0.004
0.117 ± 0.004
0.175 ± 0.005
0.177 ± 0.005

0.158 ± 0.005
0.137 ± 0.004
0.186 ± 0.006
0.132 ± 0.005

Yield
(Gammas/fission)

0.206 ±
0.164 ±
0.133 ±
0.212 ±
0.237 ±

0.281 ±
0.209 ±
0.166 ±
0.253 ±
0.189 ±

0.216 ±
0.164 ±
0.128 ±
0.138 ±

0.249 ±
0.241 ±
0.226 ±
0.171 ±
0.138 ±

0.211 ±
0.157 ±
0,122 ±
0.185 ±
0.191 ±

0.176 ±
0.161 ±
0.225 ±
0.166 ±

0.012
0.008
0.006
0.009
0.010

0.011
0.009
0.007
0.010
0.008

0.008
0.006
0.005
0.005

0.010
0.010
0.009
0.006
0.005

0.007
0.005
0.004
0.006
0.007

0.007
0.006
0.010
0.010

Calculation*,

Energy
Release

(MeV/fission)

0.150
0.120
0.0990
0.160
0.184

0.227
0.173
0.139
0.217
0.166

0.193
0.150
0.121
0.130

0.202
0.202
0.192
0.151
0.124

0.194
0.147
0.122
0.176
0.180

0.161
0.138
0.186
0.131

Ratio
Experiment/
Calculation

1.25
1.22
1.20
1.18
1.14

1.09
1.05
1.03
1.03
1.02

1.03
1.03
1.02
1.00

1.07
1.04
1.03
1.03
1.02

1.01
1.01
0.96
1.00
0.98

0.98
0.99
1.00
1.00



BAPL RESULTS

Total Decay Power Following Thermal Neutron Fission Comparing
Gunst et al. ("Measured") with ENDF/B-IV (Calc)

Cooling time (h)

14.55
14.97
15.45
15.90

Watts

Calculated*

61.40
60.53
59.59
58.73

from sample

"Measured"

65.1 63.7?
64.4 62.9T

63.0 61.1+

61.9 60.5+

ANS S t d .

63.8
62.9
61.8
60.9

34
35

81
83

201
202

296
297

1067
1068

2099

2436

2770

3108

4142

4551

.49
,49

.77

.34

.5

.2

.3

.6

39.46
38.88

25.28
25.03

15.08
15.04

11.45
11.41

3.357
3.354

1.581

1.354

1.180

1.039

0.730

0.641

41.49 40.68^
41.15 40.35r

25.83 25.51 +

24,72 24.41 +

15.73 15.60*
15.36 15.231"

11.24 11.15+
11.20 11. IV

3.23 3.21+
3.35 3.32+

1.57 1.56+

1.16 ! . 1 5 +

1.15 1.15+

1.10 1.10+

0.69 0.68+

0.64 0 .63 f

39.99
39.36

25.30
25.04

15.12
15.09

11.51
11.48

3.35
3.35

1.55

1.32

1.15

1.01

0.71

0.64

Using 0.6718 gms of U235 fissioned in the sample
+ Corrected values August 10, 1977
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TABLE I - TOTA! INTEGRAL AFTERHEAT FOLLOWING THERMAL NEUTRON FISSION OF U235

Comoarisons

I

("Total Decay Power-Calorimetry (Lott 1973)
J Calculations using ORIGEN (ENDF/IV, 1975)
[Calculations using PEPIN 1976 (French Library, CEA-TT-1822)

Irradiation
time (s)

Cooling

time (s)

70

100

150

200

300

500

700

1000

1500

2000

3000

5000

7000

10000

15000

20000

30000

50000

70000

100 seconds

Total Integral Afte
(MeV/fission)

Measured

0.98Z

0.755

0.539

0.411

0.275

0.170

0.124

0.090

0.0622

0.0471

0.0293

rhest

Calculated

ORIGEN

1.121

0.838

0.577

0.433

0.285

0.170

0.124

0.0894

0.0618

0.0467

0.0301

PEPIN

\.125

0.842

0.580

0.435

0.286

0.169

0.122

0.0863

0.0583

0.0433

0.0273

0.0145

0.0094

0.006C

0.0035

0.0024

0.0014

0.00070

0.00040

Calc -

Meas

ORIGEN

14.1

11.0

7.1

5.4

3.6

- 0.7

- 0.6

- 0.8

2.7

leas
 1 0 0

PEPIN

14.5

11.5

7.6

5.8

4.0

- 0.5

- 1.6

- 4.1

- 6.3

- 8.0

- 7.0

Tntal

1 000

tnf an w^ 1
1 U I α 1 in t»cy i a <

(MeV/fission)

Measured

1.692

1.385

1.031

0.835

0.655

0.473

0.362

0.237

0.132

0.0861

0.0546

0.0322

0.0214

seconds

if tot-hoa t
A i ic idea t

Calculated

ORIGEN

1.746

1.389

1.029

0.835

0.660

0.489

0.383

0.258

0.146

0.0968

0.0608

0.0346

0.0230

PEPIN

2.941

2.497

2.029

1.733

1.370

1.001

0.804

0.626

0.455

0.351

0.233

0.130

0.0873

0.0563

0.0335

0.0229

0.0135

0.0069

0.0043

Calc -

Meas

ORIGEN

3.2

0.3

- 0.2

0.7

3.4

5.8

8.9

10.6

12.4

11.4

7.5

7.5

M e a s
xl00

PEPIN

2.42

-1.08

-2.9

-3.7

-4.4

-3.8

-3.03

-1.7

-1.5

1.4

3.1

4.0

7.0

5 000 seconds

Total

Measured

2.579

2.158

1.862

1.552

1.220

1.004

0.735

0.463

0.331

0.225

0.140

0.098

0.0605

0.0334

0.0201

Integral ftffprhpat
r\ i LCI i ic a i>

Calculated

ORIGEN

2.679

2.211

1.927

1.635

1.313

1.093

0.807

0.512

0.363

0.242

0.146

0.101

0.0614

0.0325

0.0207

PEPIN

4.268

3.800

3.303

2.975

2.554

2.083

1.797

1.510

1.197

0.989

0.725

0.461

0.332

0.228

0.144

0.102

0.0626

0.0329

0.0207

Calc -
Me as

ORIGEN

3.9

2.4

3.5

-5.3

7.6

8.9

9.8

10.6

9.7

4.4

4.3

3.1

1.5

2.7

3.C

M e a s
xl00

PEPIN

- 0.97

- 3.5

- 3.5

- 2.7

- 1.9

- 1.5

- 1.4

- 0.4

+ 0.3

1.3

2.8

4.1

3.5

1 1-5

3.0

>
a
o

CO
cz

>
—1
I—1

o

o

i

ocz

>
T3
-o
m
zCJ
(—1

X

ro

7m
CO

I
CO



TABLE II -

comparisons

TOTAL INTEGRAL AFTERHEAT (MeV/fission)

U235 THERMAL FISSION - 2.104s. IRRADIATION TIME

'Total Decay Power Calorimetry (YARNELL and BENDT - Los Alamos)

Calculations using CINDER 10 (ENDF/IV)

.Calculations using PEPIN 1976

Cooling

Time (s)

10

15

20

30

50

80

100

150

200

300

500

800

1000

1500

2000

3000

5000

8000

10000

15000

20000

30000

100000

Calorimeter

(MeV/fiss)

8.078

7.336

6.835

6.212

5.498

4.854

4.560

4.071

3.755

3.338

2.852

2.421

2.216

1.849

1.596

1.259

0.8974

0.6400

0.5344

0.3740

0.2847

0.1896

0.0445

Gamma

Escape

(MeV/fiss)

0.240

0.221

0.207

0.189

0.164

0.141

0.130

0.112

0.101

0.088

0.073

0.061

0.056

0.046

0.040

0.031

0.0222

0.0149

0.0120

0.0077

0.0054

0.0032

0.0006

Total decay

Heat

(MeV/fiss)

8.318

7.557

7.042

6.401

5.662

4.995

4.690

4.183

3.856

3.426

2.925

2.482

2.272

1.895

1.636

1.290

0.9196

0.6549

0.5464

0.3817

0.2901

0.1928

0.0451

Calc. Decay Heat

( MeV/fiss.)
CINDER 10 PEPIN 76

7.780

7.239

6.842

6.276

5.562

4.915

4.619

4.112

3.780

3.355

2..873

2.455

2.258

1.901

1.650

1.311

0.9362

0.6553

0.5440

0.3778

0.2874

0.1923

0.0455

7.647

7.131

6.757

6.224

5.543

4.916

4.624

4.118

3.784

3.351

2.858

2.433

2.235

1.879

1.631

1.300

0.935

0.661

0.552

0.386

0.294

0.196

0.0454

Decay Heat

(Exp./Calc.)
CINDER 10 PEPIN 76

1.069

1.044

1.029

1.020

1.018

1.016

1.015

1.017

1.020

1.021

1.018

1.011

1.006

0.997

0.992

0.984

0.982

0.999

1.004

1.010

1.009

1.003

0.991

1.088

1.060

1.042

1.028

1.021

1.016

1.014

1.016

1.019

1.022

1.023

1.020

1.017

1.009

1.003

0.992

0.984

0.991

0.990

0.988

0.985

0.984

0.993
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TABLE III TOTAL INTEGRAL AFTERHEAT (MeV/fission)

U235 THERMAL FISSION - 1 YEAR IRRADIATION TIME

Cooling time (s.)

1.

2.

5.

1. 1O1

2. 1O1

5. 1O1

1. 102

2. 102

5. 1O2

1. 103

2. 1O3

5. 1O3

1. 104

2. 104

5. 104

1. 1O5

2. 105

5. 1O5

1. 106

2. 106

5. 106

1. 107

2. 107

5. 1O7

CINDER 10 (ENDF/IV)

1.146 101

1.094 101

1.001 101

9.167

8.228

6.944

5.998

5.156

4.242

3.616

2.987

2.218

1.752

1.386

1.025

8.185 10"1

6.656 10"1

5.113 10"1

3.991 10"1

2.910 10"1

1.703 10"1

1.021 10"1

4.904 10~2

1.590 10"2

PEPIN 1976

1.128 101

1.077 101

9.869

9.045

8.152

6.931

6.007

5.163

4.230

3.594

2.969

2.217

1.757

1.389

1.020

8.130 10"1

6.601 10"1

5.057 10'1

3.948 10"1

2.884 10"1

1.690 10"1

1.009 10"1

4.829 10"2

1.610 10~2

r o^ PEPIN 1976
ua,c* CINDER 10

0.984

0.984

0.986

0.987

0.991

0.998

1.002

1.001

0.997

0.994

0.994

1.

1.003

1.002

0.995

0.993

0.992

0.989

0.989

0.991

0.992

0.988

0.985

1.013
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TABLE IV : U 235 THERMAL FISSION - 1 YEAR IRRADIATION TIME

BETA AND GAMMA AFTERHEAT (MeV/fission)

Cooling

Time (s]

1.

2.

5.

1.

2.

5.

1.

2.

5.

1.

2.

5.

1.

2.

5.

1.

2.

5.

1.

2.

5.

rH

2.

5.

101

101

101

102

102

!02

103

103

103

104

104

104

1O5

105

105

106

106

106

1O7

10?

107

5

5

4

4

3

3

2

2

1

1

1

9

7.

6.

4.

3.

2.

2.

1.

1.

8.

5.

3.

1.

CINDER 10

.805

.5

.96

.465

.931

.245

.763

.343

.884

.576

.285

675 10"1

859 10"1

279 10"1

426 10"1

386 10"1

703 10"1

119 10"1

733 10"1

346 10"

67 10"2

684 10"2

323 10"2

356 10"2

B E T A

PEPIN 1976

5.929

5.609

5.044

4.546

4.022

3.331

2.825

2.378

1.905

1.592

1.295

9.727 10"1

7.875 10"1

6.244 10"1

4.350 10"1

3.317 10"1

2.645 10"1

2.07 10"1

1.69 10"1

1.31 10"1

8.412 10"2

5.505 10"2

3.223 10"2

1.32 10"2

PEPIN
CINDER10

1.021

1.020

1.017

1.018

1.023

1.026

1.022

1.015

1.011

1.010

1.007

1.005

1.002

0.994

0.983

0.980

0.979

0.977

0.975

0.973

0.970

0.968

0.970

0.973

G

CINDER 10

5.661

5.44

5.05

4.702

4.297

3.699

3.255

2.813

2-.358

2.041

1.702

1.251

9.658 10"1

7.584 10"1

5.82 10"1

4.799 10"1

3.953 10"1

2.992 10"1

2.258 10"1

1.564 10"1

6.36 10"2

4.53 10"2

1.581 10-2

2.34 10"3

A M

5

5

4

4

4

3

3

2

2

2

1

1

9

7

5

4

3.

2.

2.

1.

8.

4.

1.

2.

M A

PEPIN 1976

.349

.162

.825

.499

.13

.6

.183

.786

.324

.003

.674

.244

.701 10"1

.646 10"1

.847 10"1

813 10"1

956 10"1

987 10"l

258 10"1

574 10"1

492 10"2

583 10"2

606 10"2

898 10"3

PEPIN
CINDER 10

0.945

0.949

0.955

0.957

0.961

0.973

0.978

0.990

0.986

0.981

0.983

0.994

1.044

1.008

1.005

1.003

1.0008

0.998

1.000

1.006

1.016

1.012

1.016

1.238
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FISP RESULTS (1977)

FISSION PRODUCT DECAY HEAT FOLLOWING AN INSTANTANEOUS

BURST OF THERMAL FISSIONS IN 235U (MEV/FISS/SEC)

DECAY TI-IE S

0
I
1.5
2
3
5
7
10
15
20
30
S3
70
100
150
200
300
330
730
1000
1.5E0 3
2. C E0 3
3.0E03
S0E03
7. 0 E0 3
1.0 E04
1.5E04
2.0 Eβ 4
3.0E04
5. 0E04
7.0E04
1.0E05
1. 5E0 5
2.0E0 5
3.0E0 5
S0E05
7. 0 E0 5
1.0E0 6
1.5E06
2. 0 E0 6
3.0E0 6
5. 0 E0 6
7.0E0 6
1.0E07
1.5E0 7
2.0EJ3 7
3.0E0 7
5.CE0 7
7. 0 E0 7
1.0E08
1.5E08

( I )
E-BETA

0.6540
0.3912
0.3251
0.2770
0.2116
0.1403
0.10 34
0.07338
0.04908
0.03 63 3
0.G2465
0.01489
0..<310 52
7.088E-3
4.39 6E-3
3.098E-3
1.883E-3
1.008E-3
6. 737F-4
4.457E-4
2.816E-4
2.003E-4
1. 18 6E-4
5.884E-5
3. 77 7E-5
2.44 6E-5
1. 539 E- 5
1.116 E-5
7.035E-6
3. 648 E- 6
2. 190E-6
1.221E-6
6. 192E-7
3.805E-7
2.000E-7
1.066E-7
7. 654E-8
5* 48 4 E- 8
3.737E-8
2.821E-8
1.840E-8
1.012E-8
6. 817E-9
4.539E-9
2.78 6E-9
1.916E-9
1. 132E-9
5.958 E-10
3. 63 6E-10
1.929E-10
9.067E-11

( 2 )
E- GAMMA

0.5828
0.3305
0. 2 69 7
0.22 64
0. 1 69 0
0. 1G39
0.07935
0.05665
0.03932
0.03076
0.02197
0.01423
0.01345
7.332E-3
4. 722E-3
3. 372 E- 3
2.042 E- 3
1.078E-3
7.243E-4
4.909E-4
3. 248E-4
2. 4 1 2 E- 4
1 . 536E-4
8.237E-5
5.471E-5
3. 422E-5
1.896E-5
1 .2 1 0 E-5
6. 589 E- 6
3.365E-6
2.198E-6
1.384E-6
7.999E-7
5.42 6E-7
3. 3 1 3 E- 7
2.002E-7
1 . 4 69 E- 7
! - Z 2 5 E- 7
6-501E-C
4. 6C5E-3
2.7E7E-8
1 .265E-8
7.813E-9
4.984E-9
2.800E-9
1.588E-9
5.137E-10
8. 57CE-1 1
4. 102E-1 1
2.942E-11
2.354E-11

( 3 )
E-CE+X

4.666E-5
6. 8 68 E-5
7..908E-5
8. 864E-5
1 .C4SE-4
1 . 2 60 E- 4
1 . 3 60 E- 4
1.385E-4
1.284E-4
1 . 1 4 1 E- 4
8.89 6E-5
5.841E-5
4.401E-5
3.411E-5
2 . 692E-5
2.407E-5
1 .77 IE-5
9.993E-6
7.11 6E-6
5. 393E-6
4.2 7 6E-6
3. 652 E- 6
2.799 E-6
1 .769 E-6
1. 18 6E- 6
6.989E-7
3.4 19 E- 7
2.0 66E-7
1 . 2 1 2 E- 7
7.715E-8
5. 744E-8
4.147E-8
2.891E-8
2.2 61 E-8
1.580E-8
9.466E-9
6.579E-9
4.4 6 6E-9
2.875E-9
2.093E-9
1.314E-9
6. 72 IE-10
3.921 E-10
1.94GE-1C
7.044E-1 1
3. 1-48E-1 1
1.290E-1 1
7. 69 5E-12
6.055E-12
4.843E-12
4.047E-12

l+2>3

1 .237
0.7218
0.5949
0.50 3 5
3.33C7
0.2493
0.1C29
0.13C2
0.08853
0.0 67 70
0.04 671
0.029 IS
0.02101
0.01445
9.144E-3
6.494E-3
3.943E-3
2.09 6E-3
1.43SE-3
9.42(?E-4
6. 1^7E-4
4.452E-4
2. 750E-4
1 .4 3PE-4
9^367E-5
5.938E-5
3.4 69 E- 5
2.34 7E-5
1.375L-5
7.090E-6
4.445E-6
2. 64 6E-6
1,443E-β
9.457E-7
5.471E-7
3. 1 63 E- 7
2.333E-7
1 . 618F-7
1 .0 53 E-7
7.635E-8
4.673E-S
2.344E-8
1 . E-32E-S
9.717E-9
5«65 6E-°
3.535F-9
1 . 659E-9
6.892E-10
4.1C7E-10
2. 263Z-10
1 . 1C3T-10
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935935
Fission Product Decay Heat Following " U Fast Fission

MeV Fission 10 s Irradiation

Decay
T T tnr>
J. J. int.

S

0

1

2

5

10

20

50

100

200

500

io
3

2 x IO
3

5 x IO
3

io
4

2 x IO
4

5 x IO
4

10

2 x IO
5

5 x IO
5

io
6

2 x IO
6

5 x IO
6

io
7

7
2 x 10

5 x IO
7

8
10

8
2 x 10

5 x IO
8

9
10

6.

5.

5.

A.

A.

3.

3.

2.

2.

1.

1.

9.861

6.610

A.795

3.2A9

1.530

6.9AA

2.797

9.877

5.326

2.799

1.032

A. 702

1.995

6.29A

2.026

6.072

3.798

2.561

h

355

839

500

897

381

857

16A

650

179

63A

291

x 10

x 10

x lo"
1

x IO""
1

x IO""
1

-2
x 10

x 10~
2

x IO"
3

x IO"*
3

x 10~
3

x IO""
3

x IO"
4

-A
x 10

x IO"
5

-5
x 10

-6
x 10

x IO"
6

-6
x 10

Fisp Calculation

6.

5.

5.

A.

A.

A.

3.

2.

2.

1.

1.

1.

7.730

5.165

3.2A3

1.6A9

8.800

A.293

1.869

9.810

A.A80

1.266

5.081

1.619

9.A9A

3.309

2.223

1.681

1.164

E
Y

135

687

A06

928

532

117

A98

991

A 93

907

5A0

192

x IO""
1

x IO""
1

x lO
- 1

x 10
-2

x 10

x 10~
2

x 10~
2

x 10~
3

x 10~
3

x IO"*
3

x IO""
4

-A
x 10

x IO"
6

-6
x 10

-6
x 10

x IO"
6

-6
x 10

conv.el.

A.A25

A.A22

A.A28

A.AA5

A.5A5

A. 950

5.963

8.OA9

8.9A5

A.013

2.869

2.A16

U6A7

1.090

7.362

A. 700

3.097

1.935

8.777

A. 355

2.11A

6.990

. 2.OA7

3.368

8.169

5:071

3.83A

2.975

2.060

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 rays

io"
2

io'
2

io'
2

io"
2

io'
2

io'
2

io'
2

io'
2

io'
2

io"
2

io'
2

io"
2

io'
2

10"
2

io"
3

io"
3

-3
10

io"
3

—A

^Α

»A

lo"
5

io"
5

-6
10

io"
7

-7
10
-7

10

io"
7

-7
10
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Calculated Decay Energies after avilnstantaneous
235,

Irradiation (n-thermal) on U (MeV/Fission)

NAIG M.Iida § T. Yoshida

Cooling
Time(sec)

1

4

10

40
100

400

1000

Present

Gamma

0.316

0.559

0.642

0.726

0.705

0.527

0.462

Calculation

Beta

0.364

0.599

0.655

0.676

0.642

0.499

0.455

Tasaka
1

Gamma

0.321

0.539

0.589

0.647

0.655

0.517

0.462

s Original

Beta

0.328

0.559

0.622

0.668

0.649

0.499

0.456

EΑ and E^ are Estimated for data-unknown-nuclides (^300)
with the aid of Gross Theory (T.Yoshida, NSE,63,376(1977))
Other necessary data taken from Tasaka

1
s data library (K.

Tasaka, JAERI-M 5997)
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APPENDIX A3

A3. ADDITIONAL BETA AND GAMMA SPECTRAL COMPARISONS

This appendix includes an additional 32 spectral comparisons of

the 102 made to date using ENDF/B-IV data. These are selected to show

comparisons over the full range of experimental cooling times. At

the shortest irradiation and cooling times the ENDF/B-IV spectral

data is likely inadequate, and at the longest cooling times (compared

to the associated irradiation times) the quality of the measurements

deteriorates.

As noted in the main text, ENDF/B-IV includes data for 824

fission products of which 711 are unstable and contribute to the decay

energy. Of the 711, 180 have either 3 and/ory spectral data. The

decay heat contribution of the 180 nuclides to the total energy is

summarized in the main text for each experiment.

The ORNL experiments include both 3 and yspectra at each irradiation

and cooling time. Therefore, we have included both spectral types at

corresponding times on each page.
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LECEND
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Fig. 1 Comparison or calculation with
LASL 5.56 h irradiation, 70 s decay

Fig. 2 Comparison of calculation with
LASL 556 h irradiation. 199 s decay

LEGEND
— = Calculation
O=* Experiment

04 &0

Fig. 3 Comparison of calculation with
• LASL 5.56 h irradiation, 388 s decay

LECEND
— = Calculation
O = Experiment

Fig. 4 Comparison of calculation with
LASL 5.56 h irradiation, 2214 s decay
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Contribution to Review Paper 7

FOUR GROUP FISSION-PRODUCT CROSS SECTIONS
FOR THERMAL REACTOR-APPLICATIONS

by

W. B. Wilson, T. R. England, and R. J. LaBauve

Los Alamos Scientific Laboratory, University of California
Theoretical Division

Los Alamos, New Mexico, 87544
United States of America

Fission-product data are given for 824 nuclides in the ENDF/B-IV fission-
product library, of these, 181 nuclides (MATS') are complete with evaluated
neutron cross sections over the range 1 X 10"^ eV - 20 MeV. Each of these 181
nuclides have evaluated neutron cross sections for total (MT=1), elastic (MT=2),
total inelastic (MT*^), and radiative capture ( M ^ 1 0 2 ) reactions. Thirty-six of
these have additional evaluated neutron cross sections for other absorption re-
actions such as (n,a), (n,p), etc. The ENDF/B-IV fission-product data library
also contains radioactive decay constants, decay spectra, decay branching, and
neutron absorption branching data. These parameters, including a few correc-
tions, resonance integrals, and 2200 M/s cross sections, have been concisely
listed in Ref. 1.

The evaluated cross sections of the ENDF/B-IV fission-product data library
have been processed into the Power Reactor Studies (PRS) 154-Group Structure^
using the NJOY cross-section processing code.-* The 154-group cross sections
were subsequently collapsed with the TOAFEW cross-section collapsing code^ to
the four-group structure described in Table I. The flux weighting function used
in cross-section processing and subsequent collapsing is the PRS Flux Weighting
Function, shown in Fig. 1. The PRS Flux Weighting Function, typical of light
water reactors, is described in Table II by a set of 115 pairs of flux- and
neutron-energy values between which log-log interpolation is used.

All cross sections listed in the ENDF/B-IV fission-product data library
were processed at infinite dilution using OQ = 10 b in the Bondarenko cross-
section resonance self-shielding formalism.^ Thirty-six nuclides (MATs) appear-
ing on both the ENDF/B-IV fission-product and general-purpose data files were
processed from the latter at a temperature of 900 K, using PENDF^ files retained
from previous processing. The remaining 145 MATS were processed from the fission-
product files at 1000 K. Without exception, fission-product neutron absorption
cross sections for reactions other than radiative.capture were observed to be
negligibly small and unnecessary for fission-product absorption buildup calcu-
lations .
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The four-group radiative capture cross sections are listed in Table III.
These cross sections have been incorporated with ENDF/B-IV fission-product
decay constants, decay and absorption branching fractions, and fission yields
in a library of fission-product data for the CINDER depletion and fission-
product absorption code.7

TABLE I

FOUR CROUP STRUCTURE

Group Energy Bound

1.000 000 000 X 10 eV

8.208 499 862 X 10 eV

5.530 843 701 X 10 eV

6.250 600 000 X lO"1 eV

1.000 000 000 X 10~5 eV
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TABLE II

PRS FLUX WEIGHTING FUNCTION

©

I

POINT

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

ENERGY, (EV)

1.0000E-05
9.OOOOE-O3
1 .6000E-02
2.4000E-02
2.9000E-02
3.3OOOE-O2
4.3000E-02
5.0000E-02
5.4000E-02
5.9000E-02
7.0000E-02
9.0000E-02
1 . 1200E-01
1.4000E-01
1 .7000E-01
2.1000E-01
3.0000E-01
4.0000E-01
4.9000E-01
5.7000E-01
6.0000E-01
-1 .0000E+00
1 .3518E+OO
4.0100E+00
5.5047E+00
5.8842E+00
6.135OE+OO
6.4490E+00
6.6700E+00
6.8940E+00
7.0100E+00
7.3080E+00
I.753OE+OI
1.986OE+O1
2.0370E+01
2.0900E+01
2.1400E+01
2.2500E+01
3.4400E+01

FLUX

5.2500E-04
3.55OOE-O1
5.5200E-01
7.1200E-01
7.8500E-01
8.2900E-01
8.9800E-01
9.1800E-01
9.2100E-01
9.1800E-01
8.9200E-01
7.9900E-01
6.8600E-01
5.2000E-01
3.8-3OOE-O1
2.5200E-01
1.0800E-01
6.8700E-02
5.1000E-02
4.3700E-02
4.1300E-02
2.4914E-02
1 .8502E-02
6.3200E-03
4.6164E-03
4.1950E-03
3.7279E-03
1 .6524E-03
5.3125E-05
1.7632E-03
2.9219E-03
3.6042E-03
1.7156E-03
1.3858E-03
1.0973E-03
1.3739E-O5
1.0588E-03
1.3565E-03
8.1519E-04

POINT

40
41
42
43
44
45
46
47
4.8
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

ENERGY, (EV)

3.56OOE+O1
3.5900E+01
3.67OOE+O1
3.7400E+01
3.87OOE+O1
6.1200E+01
6.49OOE+O1
6.600OE+01
6.7100E+01
6.8200E+01
1-.0100E+03
2.0000E+04
3.0700E+04
6.O7OOE+O4
1.2000E+05
2.0100E+05
2.8300E+05
3.56OOE+O5
3.7700E+05
3.99OOE+O5
4.4200E+05
4.7400E+05
5.0200E+05
5.4000E+05
6.5000E+05
7.7000E+05
9.0000E+05
9.4100E+05
1.0000E+06
1.0500E+06
1.1200E+06
1.190OE+06
1.2100E+06
1 .31OOE+O6
1.4OOOE+O6
2.2200E+06
2.3500E+06
2.6300E+06

FLUX

7.4897E-04
6.7872E-04
9.1595E-O6
6.5153E-04
8.2618E-04
5.5873E-04
4.8243E-04
4.5797E-05
4.7226E-04
4.8362E-04
3.7829E-05
2.2257E-06
1 .5571E-06
9.1595E-O7
5.7934E-07
4.3645E-07
3..83O9E-O7
3.6926E-07
3.4027E-07
2.7387E-07
1.0075E-07
2.1754E-07
2.6333E-07
3.O5O1E-O7
2.9493E-07
2.5005E-07
2.1479E-07
1.7861E-O7
9.1595E-O8
1.1518E-O7
1.3648E-07
1.5479E-07
1.5022E-07
6.8696E-08
1.2182E-07
5.9033E-08
9.1595E-08
3.9981E-08

POINT

78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

ENERGY, (EV)

3.OOOOE+O6
4.000OE+O6
5.0000E-»-06
6.0000E+06
8.0000E+06
1.0000E+07
1.2570E+07
1.2600E+07
1.2700E+07
1.2800E+07
1.2900E+07
1.3OOOE+O7
1.310OE+O7
1.3200E+07
1.3300E>07
1.3400E+07
1.3500E+07
1.360OE+O7
1.37OOE+O7
1.38OOE+O7
1.3900E+07
1.4O7OE+O7
1.4200E+07
1.4300E+07
1 .4400E+07
1.4500E+07
1.4600E+07
1.4700E+07
1.4800E+07
1.4900E+07
1 .5000E+07
1.5100E+07
1.5200E+07
1.5300E+07
1.5400E+07
1.5500E+07
1.5676E+07
2.0000E+07

FLUX

3.1142E-08
1.7O73E-O8
9.0679E-09
4.7153E-09
1.2276E-09
3.0953E-10
2.4619E-10
3.4731E-1O
1.O357E-09
2.8436E-09
7.191OE-O9
1.6776E-O8
3.6122E-08
7.1864E-08
1.3222E-07
2.2511E-07
3.5512E-07
5.1946E-O7
7.O478E-O7
8.8825E-07
1.O408E-O6
1.154OE-O6
1.O87OE-O6
9.5757E-07
7.8704E-O7
6.O4O3E-O7
4.3317E-O7
2.9041E-07
1.8213E-07
1.O699E-O7
5.8832E-08
3-O354E-O8
1.4687E-03
6.6688E-09
2.8450E-09
1.1406E-O9
1.9780E-10
1.5477E-10

FLUX VALUES ARE GIVEN IN UNITS. OF NEUTRONS/ CM**2 SEC. EV.



TABLE III

FOUR GROUP (N,GAMMA) CROSS SECTIONS

NUCLIDE

GE
GE
GE
GE
AS
SE
SE
SE
SE
SE
BR
BR
KR
KR
KR
KR
KR
KR
RB
RB
RB
SR
SR
SR
SR
SR
Y
Y
Y
ZR
ZR
ZR
ZR
ZR
ZR
ZR
NB
NB
NB
MO
MO
MO

12
73
74
76
75
76
77
78
80
82
79
81
80
82
83
84
85
86
85
86
87
86
87
88
89
90
89
90
91
90
91
92
93
94
95
96
93
94
95
94
95
96

Z

32
32
32
32
33
34
34
34
34
34
35
35
36
36
36
36
36
36
37
37
37
38
38
38
38
38
39
39
39
40
40
40
40
40
40
40
41
41
41
42
42
42

A

72
73
74
76
75
76
77
78
80
82
79
81
80
82
83
84
85
86
85
86
87
86
87
88
89
90
89
90
91
90
91
92
93
94
95
96
93
94
95
94
95
96

S

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAT

48
49
51
54
68
85
86
88
91
94
108
112
131
134
135
137
138
140
153
154
156
172
173
175
176
177
192
194
196
215
217
218
219
220
221
222
1189
238
240
264
265
266

TEMP
DEG.KEL

1.0E+O3
1.0E+03
1.0E+03
1.0E+03
1.OE+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+0.3
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1 .OE+03
1.0E+03
9.0E+02
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03

GROUP 1
CROSS SECTION

2.099716E-02
4.379093E-02
9.484258E-03
2.668907E-03
3.174023E-02
3.043571E-02
2.397912E-02
1.233979E-02
1.224080E-G2
3.74751OE-O3
6.182G80E-G2
4.217740E-02
3.268930E-02
3.209819E-02
6.71006OE-02
4.472712E-03
4.363354E-03
1.108820E-03
2.080914E-02
4.296598E-03
1 .287127E-03
1 .688432E-02
1 .669480E-02
1 .329117E-03
8.295338E-03
4.92OO37E-O3
7.136131E-03
1 .138581E-02
4.217073E-03
1 .508096E-02
1 .715130E-02
1 .042367E-02
2.089521E-02
5.447404E-03
3-7715O3E-O2
2.648158E-02
1.604464E-02
5.739899E-O3
5.266054E-02
1.622583E-02
3.417280E-02
1 .622694E-02

GROUP 2
CROSS SECTION

5.432289E-02
1.76991OE-O1
3.185640E-02
9.284226E-03
2.399267E-01
1.025647E-01
2.570206E-01
4.559968E-02
4.557911E-02
1.079513E-02
4,360678E-01
2.809681E-01
1.358841E-01
1.243721E-01
3-993954E-01
1.912670E-02
2.864559E-02
3.162755E-03
2.157803E-01
9.237312E-02
8.266649E-03
4.158945E-02
7.775602E-02
1.164227E-03
2.038847E-02
1.560162E-02
2,253723E«02
1 .146555E-01
3.284697E-02
2.520652E-02
5.507396E-02
3.130879E-02
5.150402E-02
2.595021E-02
1.168058E-01
2.165040E-02
1 .581963E-01
1.688129E-01
2.650329E-01
3.166593E-O2
2.320601E-01
4.895069E-02

GROUP 3
CROSS SECTION

8.043696E-02
8.051782E+00
4.402824E-02
1 .632492E-01
7.066404E+00
3.876426E+00
3.571884E+00
5.350889E-01
8.982662E-02
1.686126E-03
1.200472E+01
5.719193E+00
6.958419E+00
1.984202E-f01
1.841473E+01
4.376474E-01
1.600506E-01
1.545394E-02
5.395468E-01
2.813636E+00
2.536605E-01
5.748211E-01
1.045327E+01
2.201289E-04
3.876896E-02
3.315065E-02
8.228018E-02
4.323381E-01
1.639328E-O1
1.987868E-02
6.700606E-01
8.308115E-02
3.654891E+00
2,019570E-02
5.797035E-01
6.357653E-01
1 .036643E4-00
1 .173435E+01
2.503124E+Q0
9.483320E-02
1 .257062E^01
2-259064E->00

GROUP 4
CROSS SECTION

5.476937E-O1
8.38t628E-fOO
2.141804E-01
7.941654E-02
2.408837E+00
4.75481OE-^O1
2.346095E+01
2.234162E-O1
3.412236E-01
2.513117E-02
6.222752E+00
1.5O3798E+OO
7.974773E+OO
1 .685921E+01
1.119001E+02
4.633101E-02
9.295652E-01
3.441791E-02
2.576161E-01
2.735252E+00
6.710316E-02
1.588873E+OO
9.270864E+00
3.248619E-O3
2.348515E-01
5.026414E-O1
7.165644E-O1
1.954493E+OO
7.827059E-01
5.586877E-02
5.758814E-01
1.452876E-01
1.396955E+OO
3.128906E-02
2,741127E-01
8.862928E-O3
6.392347E-O1
7.640611E+00
8.38O113E-O1
8,925915E-O3
8.,O99988E+OO
5.590317E-01

EFFEC.THERM.
CROSS SECTION

9.885840E-01
1.512879E+01
3.865945E-01
1.433464E-O1
4.347936E+00
8.582406E-f01
4.234688E+01
4.032650E-01
6.159067E-01
4.536163E-O2
1.123203E^01
2.714348E+00
1,439442E+01
3.043078E+01
2.019790E+02
8.362721E-02
1.67786OE+OO
6.212414E-02
4.649955E-01
4.937115E+00
1.211208E-01
2.867907E+00
1.673386E+01
5.863738E-03
4.239056E-01
9.072648E-01
1.293395E+OO
3.527849E+00
1.412780E+00
1.008428.E-01
1.O39463E+OO
2.622433E-01
2.521495E+O0
5.647657E-02
4.947719E-01
1.599754E-02
1.153815E+OO
1.379126E+01
1.512606E+00
1-.611123E-02
1.462043E+01
1.OO9049E+O0



NUCLIDE
TEMP GROUP 1 GROUP 2

MAT DEG.KEL CROSS SECTION CROSS SECTION
GROUP 3 GROUP 4 EFFEC.THERM.

CROSS SECTION CROSS SECTION CROSS SECTION

MO 97
MO 98
MO 99
M0100
TC 99
RU 99
RU100
RU101
RU102
RU103
RU104
RU105
RU106
RH103
RH105
PD104
PD105
PD106
PD107
PD108
PD110
AG107
AG109
AG111
CD108
CD110
CD111
CD1T2
CD113
CD114
CD115M
CD116
IN113
IN115
SN115
SN116
SN117
SN118
SN119
SN120
SN122
SN123
SN124
SN125
SN126
SB121
SB123
SB124

44
44
44

48
48
48
48
49
49
50
50
50

97 0
98 0
99 0

42
42
42
42 100 0
43 99 0
44 99 0

100 0
101 0
102 0

44 103 0
44 104 0
44 105 0
44 106 0

103 0
105 0
104 0
105 0
106 0
107 0

45
45
46
46
46
46
46
46
47
47 109 0
47 111 0
48 108
48 110
48
48

108
110
107

0
0

111 0
112 0
113 0
114 0
115 1
116 0
113 0
115 0
115 0
116 0
117 0

50 118
50
50
50 122 0
50 123 0

124 0
125
126

0
119 0
120 0

50
50
50
51
51
51

0
0

121 0
123 0
124 0

267
268
269
270
1137
308
309
310
311
312
313
314
315
1125
334
358
359
360
361
363
366
1138
1139
391
415
417
418
420

1282
423
425
426
445
449
482
483
484
486
487
489
492
493
495
496
498
511
514
515

1.0E+03
1.OE+03
1.OE+03
1.0E+03
9.0E+02
1.0E+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
9.0E+02
1.OE+03
1.OE+03
1.OE+03
1.0E+03
1.0E+03
1.0E+03
1.OE+03
9.0E+02
9.0E+02
1.OE+03
1 .OE+03
1.OE+03
1.OE+03
1.OE+03
9.0E+02
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1 .OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1.OE+03
1 .OE+03
1.OE+03
1.OE+03
1.OE+03

2.907559E-02
2.516355E-02
4.286153E-02
9.074271E-03
3-673952E-02
3.826665E-02
3.858774E-02
2.690347E-02
6.954545E-02
2.468305E-02
3.070218E-02
2.325016E-02
8.344953E-O3
4.648621E-02
9.125643E-02
8.530149E-02
8.900761-E-02
4.789705E-02
6.726203E-02
4.149806E-02
1.580939E-0.2
8.334117E-O2
4.458553E-02
2.611568E-02
9.591343E-02
1.158785E-01
3.549300E-02
9.319133E-02
4.035980E-02
9.644373E-02
3.428619E-02
4.177477E-02
2.409397E-01
1.228192E-01
3.729064E-O3
3.175388E-02
3.274490E-02
7.690040E-02
6.371977E-03
1.800320E-02
1.337318E-02
3.947307E-02
1.849913E-O2
9.919385E-O3
5.678309E-03
1.106325E-01
5.059958E-02
2.543705E-02

•248807E-01
168378E-02
063070E-01
494819E-02
614800E-01
753455E-01
, 136596E-01
480972E-01
577507E-01
671989E-01
059028E-01
233188E-01
233637E-02
571160E-01
.919683E-01
.169388E-01
.121473E-01
•283831E-01
894277E-01
255796E-01
311286E-02
664923E-01
535820E-01
•334252E-01
.805074E-01
•O33491E-01
•246907E-01
.924481E-01
•936839E-01
.058760E-01
.347852E-01
.279391E-02
.236885E-01
.755484E-01
.183642E-02
.364059E-02
•661797E-01
.667272E-02
.040596E-02
.933619E-02
.827124E-02
.523844E-02
.415400E-02
.686948E-02
.303296E-03
.009508E-01
.100477E-01

5.863286E-01

1 .719731E+00
7.678803E-01
2.849176E+00
4.423330E-01
3.069278E+01
1.421606E+01
1 .132016E+00
9.421788E+00
3.499625E-01
7.4O4899E+OO
7.196752E-01
6.399468E-01
2.475373E-01
9.047802E+01
7.002262E+02
2.016123E+00
9.287985E+00
7.720379E-01
7.143654E+OO
2.259456E+01
8.358860E-01
1.210986E+01
1 .302363E+02
1 .231271E+01
3.702015E-01
4.663890E+00
5.577368E+00
1 .147311E+OO
2.050547E+01
2.208012E+00
2.226469E+01
2.235261E-01
2.162369E+01
2.854464E+02
2.008304E+00
1 .356454E+00
1.984943E+00
6.911670E-01
3.974212E-01
1.337315E-01
7.595520E-02
2.7746O7E-01
8.102987E-01
1.98413OE+OO
1.098527E-02
1.677825E+01
8.328224E+00
2.475458E+00

1.215824E+00 2
7.125803E-02 1
9.492203E-01 1,
1.111105E-01 2,
1.083246E+01 1,
2.833373E+OO 5.
3.239899E+00 5.
1.743797E+00 3.
7.279318E-01 1.
4.301005E+00 7.
2.440178E-01 4.
1.117743E-O1 2,
8.153410E-02 1,
9.701270E+01 1,
4.934551E+03 8
2.166387E-01 3
7.843382E+00 1
1.332195E-O1 2
5.588543E+OO 1
6.845444E+00 1,
1.229825E-01 2,
2.O47736E+O1 3,
5.257063E+01 9.
1.677295E+00 3.
6.153806E-01 1,
6.207640E+00 1
1.35731OE+O1 2
1.230079E+00 2
2.727591E+04 4,
1.877895E-01 3
1.732369E+01 3
4.293487E-02 7
6.59O786E+OO 1
1.289674E+02 2
2.796581E+01 5
6.732990E-02 1
1.455753E+00 2
4.610512E-02 8
1.284014E+00 2
7.881781E-02 1
1.010517E-01 1
1.845241E-02 3
7.272250E-02 1
3.074827E-01 5
1.677718E-01 3
3.560680E+00 6
2.434903E+00 4

•194556E+00
.2862O3E-O1
•713337E+OO
•O05533E-01
955253E+01
114222E+00
847999E+00
147543E+00
313913E+OO
763290E+00
404508E-01
017520E-01
471686E-01
751074E+02
.906837E+03
-910315E-.01
.415726E+01
.404604E-01
.008729E+01
235599E+01
219828E-01
•696153E+0T
•488969E+01
.027507E+00
, 110758E+00
,120475E+01
•449936E+01
.220285E+00
.923287E+04
•389589E-01
•126916E+01
•749719E-02
.189633E+01
-327855E+02
.047812E+01
.215301E-0-1
.627627E+00
•321948E-C2
.317637E+00
.422657E-01
.823978E-01
•330650E-02
.312637E-01
.550044E-01
.028272E-01
.427007E+00
394987E+OO

3.63O3O9E+OO 6.552687E+00



1

u>
1

NUCLIDE

SB125
SB126
TE122
TE123
TE124
TE125
TE126
TE127M
TE128
TE129M
TE130
TE132
1127
1129
1130
1131
1135

XE128
XE129
XE130
XE131
XE132
XE133
XE134
XE135
XE136
CS133
CS134
CS135
CS136
CS137
BA134
BA135
BA136
BA137
BA138
BA140
LA139
LA14O
CE14O
CE141
CE142
CE143
CE144
PR141
PR142
PR143
ND142

Z

51
51
52
52
52
52
52
52
52
52
52
52
53
53
53
53
53
54
54
54
54
54
54
54
54
54
55
55
55
55
55
56
56
56
56
56
56
57
57
58
58
58
58
58
59
59
59
60

A

125
126
122
123
124
125
126
127
128
129
130
132
127
129
130
131
135
128
129
130
131
132
133
134
135
136
133
134
135
136
137
134
135
136
137
138
140
139
140
140
141
142
143
144
141
142
143
142

S

0
0
0
0
0
0
0
1
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAT

518
519
538
539
541
542
544
546
547
549
550
553
565
567
568
570
576
1173
589
1174
1175
1176
595
1177
1294
1178
1141
614
616
618
619
634
635
637
639
641
643
657
658
674
675
676
677
678
692
693
695
713

TEMP
DECKEL

l.OE+03
1.0E+03
1.0E+03
l.OE+03
1.0E+03
l.OE+03
1.0E+03
1.0E+03
1.0E+03
l.OE+03
1.0E+03
1.0E+03
l.OE+03
l.OE+03
1.0E+03
1.0E+03
1.0E+03
9.0E+02
l.OE+03
9.0E+02
9.0E+02
9.0E+02
l.OE+03
9.0E+02
9.0E+02
9.0E+02
9.0E+02
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
l.OE+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
1.0E+03
l.OE+03
1.0E+03
1.0E+03

GROUP 1
CROSS SECTION

7.517359E-02
1 .848180E-02
1 .202321E-01
6.157976E-02
1 .1O4859E-O1
2.613155E-02
3.714886E-02
5.419348E-02
4.529906E-02
9.472597E-03
3.76O774E-O3
5.710111E-04
5.610752E-02
4.8OO948E-O2
1.837486E-02
9.472026E-03
4.684394E-O4
5.312305E-02
5.323277E-02
3.404525E-02
1 .332154E-02
1 .814070E-02
5.95O7O9E-O3
1.054011E-02
5.564618E-04
1 .072229E-03
5.1O3384E-O2
1 .286883E-02
3.180215E-03
1 .942282E-02
1 .502562E-03
3.524396E-02
2.867491E-02
1.312605E-02
7.225130E-03
9.214468E-03
1 .689069E-03
6.OO9337E-O3
2.948971E-02
1 .7O3531E-O2
4.510816E-02
1 .485239E-02
9.577707E-03
1 .090923E-02
2.548600E-02
1 .604911E-02
4.842014E-02
2.773231E-02

GROUP 2
CROSS SECTION

2.1O315OE-O1
3.O3379OE-O1
2.504961E-O1
3.666O51E-O1
1.937552E-O1
2.557467E-01
8.357152E-02
2.648949E-01
8.662364E-02
8.205984E-02
1.329507E-O2
4.443987E-04
3.9393O1E-O1
2.804701E-01
2.696179E-01
7.367629E-02
5.736313E-04
2.997089E-01
3.O33197E-O1
1.127239E-01
1.837029E-01
6.651676E-O2
5.286344E-02
3.432525E-02
3.218521E-03
2.288886E-03
3.777516E-O1
3.448577E-O1
4.148685E-02
1.635070E-01
5.543158E-03
8.612855E-02
2.214519E-01
3.583927E-02
3.743974E-02
5.529264E-03
3.743996E-03
2.967405E-02
1.295762E-01
1.730715E-02
1.O54578E-O1
3.294434E-O2
7.577132E-02
2.405806E-02
9.959114E-02
2.547188E-01
2.161496E-01
3.127668E-02

GROUP 3
CROSS SECTION

2.1O3414E+OO
5.136429E+00
8.412152E+00
4.865476E+02
7.708467E-01
2.647459E+00
1 .185596E+00
4.726406E+00
2.271824E-01
6.885660E-01
2.826283E-02
7.327881E-05
1.539254E+01
3.7O9139E+OO
1 .985659E+01
9.685281E-01
7.324264E-04
2.526227E+01
2.522329E+01
3.154451E-01
8.832394E+O1
1 .5686O4E-01
3.435562E+01
3.981692E-02
3.634285E+02
1 .069663E-02
3.3784O1E+O1
2.079022E+01
4.381765E+00
3.303652E+00
5.867613E-02
2.724576E+00
1 .119982E+01
2.133971E-01
4.969716E-01
1.282347E-02
1.567531E+00
1.244460E+00
7.885135E+00
2.903654E-02
2.342997E+00
5.925282E-02
5.095466E+00
2.314846E-01
2.105239E+00
1.527271E+01
1 .913981E+01
7.312854E-01

GROUP 4
CROSS SECTION

5.592590E-01
3.247778E+OO
1 .569423E+OO
2.468661E+02
3.8O8186E+0O
8.658353E-01
5.779812E-01
5.264135E+00
1.202259E-01
6.142364E-01
1.621755E-01
1.117629E-03
3.478504E+0O
1.51OO53E+O1
1 .OO4999E+O1
3.911O37E-O1
1.118905E-02
9.969592E+OO
1 .003302E+01
3.446107E+00
5.042924E+01
2.501073E-01
1 .062848E+02
1.434189E-01
1.670657E+06
8.874087E-02
1.663776E+01
7.828318E+01
4.866696E+00
7.287809E-01
6.142019E-02
1.2053O9E+0O
3.250888E+00
2.289892E-01
2.849852E+00
1.955539E-01
8.912482E-01
5.013105E+0O
1..508462E+00
3.19O75OE-O1
1 .619745E+01
5.307171E-01
3.34987OE+OO
5.586255E-01
6.439460E+00
1 .117627E+01
4.977789E+01
1.044265E+01

EFFEC.THERM.
CROSS SECTION

1 .O09459E+O0
5.862222E+00
2.832800E+00
4.455918E+02
6.873755E+O0
1.562828E+00
1.O43253E+O0
9.501734E+00
2.170070E-01
1 .1O8693E+OO
2.927259E-01
2.O17314E-O3
6.278681E+00
2.725637E+01
1.814018E+01
7.O59399E-O1
2.O19617E-O2
1.799506E+O1
1 .810954E+01
6.220203E+O0
9.102450E+O1
4.514423E-01
1.918434E+02
2.588703E-01
3.O15526E+O6
1.6O1768E-O1
3.OO31O7E+O1
1.413007E+02
8.784359E+00
1.315445E+00
1.10863'iE-Ol
2.175576E+00
5.867834E+OO
4.133242E-01
5.143966E+OO
3.529736E-O1
1 .608698E+00
9.O48625E+O0
2.722765E+C0
5.759235E-01
2..9236.31E+01
9.579413E-01
6.O46496E+O0
1.OO8316E+O0
1.162319E+01
2.017310E+01
8.984881E+01
1.884892E+01



o>

I

NUCLIDE

ND143
ND144
ND145
ND146
ND147
ND148
ND150
PM147
PM148
PM148M
PM149
PM151
SM147
SM148
SM149
SM150
SM151
SM152
SM153
SM154
EU151
EU152
EU153
EU154
EU155
EU156
EU157
GD154
GD155
GD156
GD157
GD158
GD160
TB159
TB160
DY160
DY161
DY162
DY163
DY164
HO165
ER166
ER167

Z

60
60
60
60
60
60
60
61
61
61
61
61
62
62
62
62
62
62
62
62
63
63
63
63
63
63
63
64
64
64
64
64
64
65
65
66
66
66
66
66
67
68
68

A

143
144
145
146
147
148
150
147
148
148
149
151
147
148
149
150
151
152
153
154
151
152
153
154
155
156
157
154
155
156
157
158
160
159
160
160
161
162
163
164
165
166
167

S

0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

MAT

714
715
716
717
718
719
721
733
734
735
736
738
753
754
1027
756
757
758
759
760
1290
1292
1291
1293
778
779
780
791
792
793
794
795
797
803
804
811
812
813
814
1031
820
823
824

TEMP
DECKEL

1.OE+03
1.0E+03
1.0E+03
1.OE+03
1.OE+03
1.OE+03
1.0E+03
1.0E+03
1.OE+03
1.OE+03
1.0E+03
1.OE+03
1.OE+03
1.0E+03
9.0E+02
1.OE+03
1.OE+03
1.0E+03
1.0E+03
1.OE+03
9.0E+02
9.0E+02
9.0E+02
9.0E+02
1.OE+03
1.OE+03
i.tfE+03
1 .OE+03
1.0E+03
1.OE+03
1.OE+03
K0E+03
1.OE+03
1 .OE+03
1 .OE+03
1.OE+03
1.OE+03
1 .OE+03
1.OE+03
9.0E+02
1.OE+03
1.OE+03
1.OE+03

GROUP 1
CROSS SECTION

5.923333E-02
4.188978E-02
6.803414E-02
5.710881E-02
5.106341E-02
1.435365E-01
5.230297E-02
1.382808E-01
4.921928E-01
4.921928E-01
5.268164E-01
1.012214E-03
1 .180276E-01
2.023254E-01
5.637011E-02
1.313O93E-O1
2.315641E-01
7.520442E-02
2.260670E-04
5.706727E-02
4.181577E-O1
1.744222E-01
2.431446E-O1
7.241066E-02
9.062116E-01
5.008924E-04
3.221641E-03
3.041554E-01
1.251320E-01
1.177736E-01
1.068337E-01
4.647452E-02
8.083934E-02
9.138282E-02
1.434563E-03
7.939346E-O1
5.945760E-02
2.803023E-01
5.480995E-02
9.006775E-02
8.922674E-02
1.431152E-01
6.106636E-02

GROUP 2
CROSS SECTION

1.938598E-01
6.863372E-02
1.983824E-01
1.082823E-01
3.928675E-01
1.318842E-01
1.742186E-01
8.170927E-01
2.574234E+00
2.574234E+00
2.133433E+00
2.037358E-02
5.432755E-01
2.596780E-01
9.344686E-01
2.862238E-01
1.356167E+00
2.877061E-01
1.191724E-02
1.425114E-01
2.402754E+00
3.245252E+00
1 .539698E+00
1.875663E+00
1 .543263E+O0
3.539738E-02
2.526199E-02
6.280531E-01
1.467746E+00
2.925910E-01
7.103253E-01
1.882511E-O1
1.5O3781E-O1
7.922879E-01
7.845290E-02
1 .200462E+00
1.22713^E+00
5.297747E-01
5.190151E-O1
1.9O5334E-O1
8.7531^2E-01
2.983558E-O1
8.O24943E-O1

GROUP 3
CROSS SECTION

1.209111E+01
5.867006E-01
2.256161E+01
2.963151E-01
6.O134O7E+O1
2.284639E+00
1.865556E+00
1.918335E+O2
2.332976E+03
3-182157E+02
7.332632E+O1
1.742050E+02
7.514796E+01
3.134887E+00
2.770684E+02
1.160902E+01
2.894601E+02
2.755117E+02
2.418654E+02
3.851160E+00
2.044278E+02
3.252586E+02
1.478631E+02
2.228416E+02
1.540107E+02
1.016701E+02
8.471598E+01
2.531751E+01
1.313204E+02
1.328447E+01
8.871128E+01
6.519249E+00
9.311768E-O1
4.634842E+01
8.018238E+01
1.508596E+02
1.166236E+02
2.471440E+02
1.336405E+02
2.300536E+01
7.475623E+01
1 .481533E+O1
1.590O69E+02

GROUP 4
CROSS SECTION

1.773106E+02
2.O13982E+OO
2.355985E+01
7.827704E-01
2.740049E+01
1.3995O7E+OO
6.713311E-01
9.917021E+01
2.594150E+03
1.90916OE+O4
7.811904E+02
3.91O634E+O2
3.454724E+01
1 .509450E+00
4.841072E+04
5.471646E+01
4.669738E+O3
1.173567E+02
1 .846696E+02
3.076205E+00
4.717469E+O3
7.677840E+02
2.197333E+02
4.972313E+02
2.258836E+03
2.696344E+02
1.059332E+02
4.755081E+01
1.920502E+04
8.292483E-01
8.261695E+04
1.4O3779E+O0
4.300564E-01
1 .437843E+01
2.928139E+02
3.6O9387E+O1
3.112586E+02
1.147570E+02
7.776202E+01
1.3OO5T2E+O3
3.753369E+01
1.954315E+O1
1.1O10O3E+O3

EFFEC.THERM.
CROSS SECTION

3.200445E+02
3.635226E+00
4.252540E+01
1.412896E+00
4.945773E+01
2.526102E+00
1.211749E+00
1.790017E+02
4.682426E+03
3.446O23E+O4
1 .410O44E+03
7.053672E+02
6.235757E+01
2.724549E+00
8.738108E+04
9.876290E+01
8.428850E+03
2.118281E+02
3.333276E+02
5.552533E+00
8.515005E+03
1.385846E+03
3.966174E+02
8.974997E+02
4.077187E+03
4.866885E+02
1 .912O89E+02
8.582895E+01
3.466494E+04
1.496788E+00
1.491231E+05
2.533814E+00
7.762493E-01
2.595299E+01
5.285275E+02
6.514924E+01
5.618201E+02
2.071357E+02
1.403600E+02
2.347525E+03
6.774810E+01
3.527527E+01
1.987304E+03

NOTE THAT THE EFFECTIVE THERMAL CROSS SECTION IS THE GROUP 4 CROSS SECTION DIVIDED BY SIGMACi/V),
WHERE SIGMAC1/V) IS THE GROUP 4 VALUE OF A 1/V CROSS SECTION EQUAL TO UNITY AT 2200 M/S ( .554018)
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EMPIRICAL CRITERIA AND THEORETICAL BACKGROUND IN THE METHODOLOGY OF

DETERMINING SETS OF CONSISTENT PARAMETERS FOR NEUTRON CROSS SECTION

CALCULATIONS FAILING EXPERIMENTAL INFORMATION

G. Reffo

Comitato Nazionale Energia Nucleare, Centro Calcolo, Bologna, Italy

Abstract

The problems reviewed are those connected with the determination of

sets of consistent parameters for neutron cross section calculations

with emphasis on the analysis of the systematic behaviour of relevant

parameters,

INTRODUCTION

As a result of the close cooperation between CEA and CNEN a

common methodology is being developed, while joining forces allow

each side to go deeper into the various subjects.

Within this framework it has been suggested to outline what

has been done at Bologna on the use of models, as the keystone to

a methodology aimed at determining consistent sets of: parameters

when available experimental information is poor.

1. LEVEL DENSITY PARAMETRIZATION

Current level density descriptions are based on the Fermi gas

hypothesis. According to this hypothesis the level density para

meter "a" is given by the single particle state density at the

Fermi level and therefore it is expected to be independent of model

formulation and constant with excitation energy.

In practice "a" is determined from mean spacing (D..^-) °f

observed neutron resonances and it turns out to depend on the fonnu

la adopted, the conventions adopted for the determination of effec

tive excitations and the assumed spin distribution.

Different values of "a" due to different assumptions imply

differing behaviours of the predicted level density at increasing

excitations.
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In what follows the composite level density elaboration by-

Gilbert and Cameron |l| has been adopted.

1.1. SYSTEMATIC BEHAVIOUR OF "a"

An overall and a local systematic behaviour of "a" can be

considered.

The overall systematic (O.S.) is based on the assumption that,

in medium and heavy nuclei, the contributions to the density of

single particle states at the Fermi level come essentially from

neutron states, because of neutron excess.

In fig. 1 "a" values in MeV are plotted vs neutron number 1

The dips around magic numbers are typical shell closure e_f

fects. The plotted curve fits experimental data to within 15%. A

comparable uncertainty may be estimated for unknown "a" values d_e

termined by the use of O.S. -

Uncertainty in the determination of unknown mean level spacings

D(B) at the neutron binding by use of "a" values from O.S., due

to the level density exponential law may rise well beyond 50%, depend

ing on the value of effective excitations. Now, greater accuracy

than this is needed, which suggests adopting a more theoretical ap

proach.

Single particle states calculated by means of the Nilsson mod

el have been used |2J for the determination of "a" as a sum of

neutron and proton contributions and as a function of deformations.

About 30% of the D c predicted were in fair agreement with

experiment.

The result was encouraging because the calculations could be

improved on a great deal.

In fig. 2, calculated single particle level densities g in

hw(6) units for typical deformations 3 = .1, .2, .3, -.1 are plot

ted as a function of neutron and proton numbers N and Z, respec

tively.
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From this attempt some interesting information emerges:

a) typical shell closure effects are punctually reproduced,

b) important proton contributions can be observed,

c) important deformation effects are observed,

d) the O.S. trend finds a significant explanation,

e) deviations from the O.S. may be expected in the sense of a local

behaviour of those nuclei where more pronounced P and/or defor

mation effects are present.

On this basis, and pending a more thorough application of the

model, local systematics for "a" have been determined empirically

for several families of isotopes. In fig. 3 an example is given for

Zr, Mo, Sn, Nd, Sm families. Local systematics put in evidence cer

tain residual odd-even effects in deformed nuclei such as Sm iso_

topes |3|, |4|, |S|. It should be verified whether these are real

odd-even effects or they are not due to neglecting a spin dependent

deformation energy correction.

In practice it can be estimated that local systematics improve

the accuracy in the determination of "a" by 5% and is helpful in

interpolating "a" values for families with many isotopes and data;

using the overall systematic helps to estimate unknown "a,, values,

in families with few or unaccurate data. Knowledge of "a" partic

ularly may affect the calculations of radiative widths and of all

non dominant competitions in statistical decay of compound nucleus.

1.2. SPIN DISTRIBUTION

2
a. Determination of the spin cut off factor a at low energies

A model description of the spin distribution of levels is

given only at high excitation, and is completely characterized by
2

the spin cut off factor a (E) (which carries on the energy depen-

dence) . Nevertheless, application of the statistical description

of the spin distribution to low lying levels, has been suggested

by Schmittroth in ref.|6J . Successively I analysed the spin dis-

tribution of the experimental discrete levels of about 100 isotopes
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In 40% of the cases considered a good fit was achieved provided

the factor a was appropriately chosen J6] for each case. In the re

maining 60% of cases, either the discrete level schemes were, not well

known, or the extrapolation really failed to work (see fig, 4), that

isj the procedure adopted at intermediate energies, of interpolating
2

the spin cut off factor in between the a values obtained, from the

fit of known levels and from the model, at times can be somewhat ar-

bitrary.

The staircase plots of the cumulative number of experimental-

levels for given J , that is N(ESJ) , and of the cumulative number

of all levels N(E) vs E can in general be fitted on a lin-log scale,

by a family of parallel straight lines. This supports the assumption
2

that a does not depend on energy, at low energies. In fig. 5 the

case of Zr-92 is considered, because discrete levels are available

up to 3 MeV.

Where level schemes are not available or unreliable, any choice
2

for a at low energy is doubtful.

b. Determination of a2(E) at high energies

At high energies a model prediction of cr2(E) is given by |l

a2(E) = <m2> g T(E)

in terms of single particle state density g , nuclear temperature

T(E) and variance of angular momenta projection of single particle

states around the Fermi level.

The quantities <m2> , g , T vary from nucleus to nucleus.

The quantities g and T can be related to "a" values, while

<m2> should be determined for each case.

The Nilsson model also permits a determination of <m2> . In

fig. 6 the calculated values of <m2> are plotted as a function of

mass number A for typical deformation 3 = .1 , . 2 , .3 , -.1 .

One may observe that <m2> is an oscillating function of A

which depends on N, Z, g and does not exhibit usual shell effects.
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0 I 3

Cameron 111 proposed an average value *;m2> =- . 146 A

which is visualized in fig. 6 by the dashed straight line.

The average value adopted at Bologna is <m2> = .24 A |7|

which is represented by the solid straight line. A good knowledge

of <J2(E) is important because it affects the spin distribution of

levels and consequently the determination of "a" and the level deri

sity description. In addition, more proper choices for a (E) are

expected to yield a sizeable improvement in the accuracy obtainable

from "a" systematics.

Non dominant process calculations are rather sensitive to a2

choices.

Some improvements in the application of the Nilsson model for

consistently determining both "a" and <m2> are in progress at

Bologna, towards a better determination of the effective excitations

and of potential well parameters.

The Hartree-Fock theory must be mentioned here as a valuable,

advanced alternative.

1.3. PARITY DISTRIBUTION

Suggestions for an empirical determination for the parity

distribution law, of low lying levels, come from the analysis of the

experimental parity distribution of known levels, where they are not

all characterized by the same parity.

From the analysis of a large number of cases it has been seen

that in general, because both total level density and the density of

levels of a given parity, can be fitted by an exponential law at

low energies, the probability of a given parity can also be fitted by

a low exponential with energy.

Beyond the value of the median, E. ,„ , of the distribution,

the probability is assumed to be 1/2 , for both parities.

In fig. 7 the case of In-116 is illustrated, where the fit of

N(E) , N(E,7T=+) , N(E,7T=-) is achieved with a value for the median

El/2 = 4- 4 3 3 MeV-
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Even though this procedure proved satisfactory in the cases

tested, it should be used with care, because it has no theoretical

support. Variations in parity distribution do not affect neutron in

elastic cross sections, on the contrary, due to Ej selection rules,

they may strongly affect radiative width calculations, and consequent:

ly capture calculations where capture widths cannot be renormalized.

Where only levels of a given parity are known, or no levels

at all are known, any of the commonly adopted procedures in the d_e

termination of the parity distribution of low-lying levels is arb_i

trary.

1.4. NUCLEAR TEMPERATURE AND MATCHING ENERGY U IN COMPOSITE
x

LEVEL DENSITY DESCRIPTION

Nuclear temperature T , at low excitations can be assumed to

be constant and can be determined from the fitting conditions imposed

on the composite level density description.

Results of calculations performed in the F.P. range are shown

in fig. 8. T appears as a smooth function of N , characterized by

small fluctuations representative of weak shell closure effects.

The uncertainty in interpolating unknown T values can be

estimated to within 15% when using the solid straight line, and re

duces to 10% if the dashed curve is used.

Nuclear temperature is useful to the determination of evapora

tive spectra.

To the extent that the relation among T , "a" and the

matching energy U
X

1/T - (a/U )~*
X

is valid, a correlation among the systematic trends of "a" , T and

U is expected. Results of the investigation are shown in fig. 10.

Marked shell closure effects appear as well as the local behaviour of

SN isotopes (represented by dotted circles).
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The uncertainty over unknown U taken out of the systematics,
X

can be estimated to within 25%.

It is important to have a systematic of U because knowledge
X

of it is sufficient for a complete determination of the total level

density, at low energies.

2. RADIATIVE WIDTHS

2.1. MODELS

In ref. 8 it was indicated that, provided certain refinements

are introduced, the Brink-Axel (B.A.) model may give absolute values

for average total radiative widths at the neutron binding r (B) for

medium and heavy nuclei, where only statistical processes are involved.

In particular important spin and parity dependence was found especial

ly for lighter nuclei.

Calculations over 75 F.P. have shown that 56% of the average

radiative widths calculated at neutron binding fell within experimeii

tal error bars, while 18% differed by more than 30% from experimental

ones.

Nevertheless, taking into account that important valency contri

butions have been demonstrated for certain isotopes, and considering

the large uncertainties in low lying level schemes and in significant

parameters, one concludes that the full degree of the model's validity

can only be ascertained after the parameters involved have been more

precisely determined.

Preliminary calculations with recent level schemes, and taking

into account the considerations in Sect. 1, are in progress and seem

to confirm a general improvement.

A new approach to the problem has been attempted [9|, based on

the assumption that the nucleus irradiates like a black body formed

by an assembly of oscillators.

By straightforward application of the concepts of statistical
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thermodynamics a simple expression for r (B) can be found in terms

of mass number A and thermodynamic temperature T .

The model was checked for all isotopes from Ca to Am, for which

experimental values were available.

EXP CALC
In fig. 9 the ratios r (Bn)/r (Bn) are plotted vs. A .

The model has not yet been refined in order to account for spin

and parity dependence of radiative widths.

2.2. SYSTEMATICS

According to the B.A. model as outlined in ref. |S| it appears

that, for the most part, the contributions to total T (B) are due

to transitions to levels lying below the matching energy U . This

implies that the success of the model in particular depends on the

knowledge of low lying excitation levels and (owing to El selection

rules) on spin and parity distributions.

Because no systematic behaviour of spin and parity distributions

of low lying levels can be envisaged, no systematic behaviour of

T (B,J,TT) should be expected to be found, valid in all cases.

On the contrary, according to the black body model, a systematic

behaviour for r (Bn)A vs Q(B-A)/a] is predicted; A, B, A, a

being mass number, neutron binding energy, pairing energy, level deii

sity parameter, respectively.

Results of investigation for most isotope rich families of U,

Gd, Se, Ge are shown in fig. 10. The solid line, which accounts for

experimental data to within 50%, represents the overall trend predicted

by the model. Local systematics are given by dashed lines.

2.3. GIANT RESONANCE PARAMETER SYSTEMATICS

The systematic trend of all giant resonance parameters (G.R.P.)

both for spherical and deformed nuclei has been determined |l0| on the
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basis of the hydrodynamic model. This model is able consistently to

describe data for all medium and heavy nuclei, provided the deforma

tion parameter 6 is known.

Fig. 11 shows the systematic trend of peak energies E , half

maximum widths T and peak cross section a for magic nuclei.

Maximum uncertainties for unknown values of E , r /E , a can be
o ' o o ' o

taken as less than 3%, 20% and 15%, respectively.

In fig. 12 the trends are shown of the characteristics of the

split giant resonances in deformed nuclei. Labels a and b refer

to semimajor and semiminor axes, respectively.

Uncertainties in determining unknown values for E /E , E,/E
a o b o

can be estimated to less than 10%, while for T /E , I\/E, and for
' a a ' b b

a E , a,E, to within 30%.
a a ' b b

G.R.P. do not play an important role in neutron capture calcula

tions when f (B) is known and when the excitations involved are far
Y

from giant resonance peak energy.

On the contrary an important role is played in calculations of

absolute values of r with the B.A. model.
Y

3. NEUTRON CAPTURE CROSS SECTION SYSTEMATICS

3.1. STATISTICAL PROCESSES

In cases of statistical processes where only s-wave neutron cap

ture is involved and for values of the radiative transmission coeffi_

cients T (E) that are negligible with respect to neutron transmis

sion coefficients, the statistical model formula, for neutron capture,

reduces to a linear expression in T (E) .

Experimental data for a at 25 keV, renormalized and plotted

against T (E) confirm the model predictions to within an uncertainty

of 40% as can be seen in fig. 13.

This systematic helps to check, where necessary, the consistency
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of adopted values of F (B) and D n _ , when a (25) is known,
Y UJJo ttYor gives supplementary information for the determination of unknown

values of T T B ) or DY
In addition, while a given experimental capture cross section

at 25 keV can be reproduced by an infinite number of couples (J~~(B)

5 ) in a fixed ratio T (E) , on the contrary owing to the rela
Uiio Y —
tion between r (B) and Dn«o

 o n e an^ on^Y o n e couple (F (B) , D o

Y Uob Y Ubb
should be found also to satisfy the systematic at 25 keV.

By the joint use of all these systematics, in principle, one has

the possibility of iterating until a couple (F ,D_ _) is found that
Y UiJo

reasonably accounts for all experimental information and systematics,

and which fulfills consistency requirements.

3.2. DIRECT PROCESSES SYSTEMATICS

A satisfactory agreement between experimental data on fast

neutron capture cross sections and calculations accounting for both

compound nucleus and direct-semidirect reaction mechanisms has been

illustrated in ref. |ll|.

Because this formulation implies rather a large man- and com

puter-time waste, where more rough estimates are sufficient, one can

use the Lane and Lynn |l2J formula for direct process contribution with

Brown enhancement factor |l3| accounting for collective reaction mech

anism.

This recipe (see also ref. |l4|) depends on a free parameter K .

A systematic behaviour of K has been found by plotting the

ratios

IT EXP /- » _ N / CALC /, . _ v
K = a n Y (14.5) / a n Y (14.5)

against mass number A . Results are shown in fig. 14.

Experimental data on capture cross sections at 14.5 MeV measured

by the activation method were not considered because of possible con

taminations due to capture of neutrons from inelastic scattering.
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CONCLUSIONS

While the adopted formalism for neutron cross section calcula

tions is going to be increasingly sophisticated and very much stan

dardized in most laboratories, substantial disagreements still appear

in the methodology of determining recommended sets of parameters, in

the absence of experimental information.

For these reasons greater efforts are desirable in the study

and development of models aimed to improve parameter consistency and

accuracy.
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FIGURE CAPTIONS

Fig. 1 Level density parameter a (MeV ) vs neutron number N

Fig. 2 Single particle level density g in hw(5) units vs

neutron or proton numbers N and Z , respectively for

typical deformation 3 = .1 , .2 , .3 , -.1 .

Fig. 3 Local systematic for the level density parameter a(MeV )

vs. neutron number N for Zr, Mo, Sn, Nd, Sm isotopes.

Overall systematic is also shown.

Fig. 4 Comparison between the spin distributions of known dis

crete levels and the predictions according to the law

f(J) = (2J+1) exp[-(s+i)2/2a2] , when a2 is obtained

according to maximum likelihood estimator | 6 |.

Fig. 5 Trends of the cumulative number of levels. N(E) , N(E,J=O) ,

N(E,J=2) vs E , according to all J , j=2 , j=0 in Zr-92.

Fig. 6 Variance of angular momentum projection of single particle

state <m2> vs neutron or proton numbers N and z ,

respectively for typical deformation 3 = .1 , .2 , .3 , -.1

Straight solid line gives <m2> as suggested by |7 | and

dashed straight line gives <m2> as suggested by | 1 |.

Fig. 7 Cumulative number of levels N(E) , N(E,ir=+) , N(E,ir=-)

vs E in In-116.

Fig. 8 Systematic trend of nuclear temperature T(MeV) vs neutron

number N at low excitations, and systematic trend of

matching energies U (MeV) vs N . Dotted circles re£

resent tin isotopes.
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Fig. 9 Ratios of experimental__to calculated radiative width at
EXP CALL

neutron binding B , T / T vs mass number A
Y Y

1/3
Fig. 10 Systematic trend of experimental radiative widths T (B)A

p 13/2
vs [(B-A)/aJ . The solid line represents the black

model predictions. Local systematics are given by dashed

lines.

Fig. 11 Trend of giant resonane parameters for spherical nuclei.

E (MeV) , r /E a(barn) vs mass number A .

r
Fig. 12 Trend of giant resonance parameters E , / E , — ,

•=— vs deformation parameter $ , and trends of
o

cr E , a,E vs mass number A for deformed nuclei,a o b o

Fig. 13 Systematic of 25 keV experimental neutron capture cross

section vs T I [" (2I+DJ , I being the target

spin.

Fig. 14 Systematic trend of the normalization constant K in

direct-semidirect neutron capture vs mass number A as

derived from calculated and experimental neutron capture

at 14.5 MeV.
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Fig. 1 Level density parameter a (MeV ) vs neutron number N
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Fig Single particle level density g in hw(<5) units vs

neutron or proton numbers N and Z , respectively for

typical deformation 3 = . l » « 2 , . 3 , - . l .
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Fig. 3 Local systematic for the level density parameter a(MeV )

vs. neutron number N for Zr, Mo, Sn, Nd, Sm isotopes.

Overall systematic is also shown.
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Fig. 4 Comparison between the spin distributions of known dis

crete levels and the predictions according to the law
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Fig,

ZR92

ALL J

E(MeV)

Trends of the cumulative number of levels N(E) , N(E,J=O) ,

N(E,J=2) vs E , according to all J , j=2 , j=0 in Zr-92.

Fig. 6

30 40 50 60 70 80 90

number of particles N or Z

Variance of angular momentum projection of single particle

state <m2> vs neutron or proton numbers N and z »

respectively for typical deformation (3 = .1 , ,2 , .3 , -.1

Straight solid line gives <m2> as suggested by |7 | and

dashed straight line gives <m2> as suggested by | 1 |.
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Fig. 7 Cumulative number of levels N(E) , N(E,TT=+) , N(E,TT=-)

vs E in In-116.
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Fig. 8 Systematic trend of nuclear temperature T(MeV) vs neutron

number N at low excitations, and systematic trend of

matching energies U (MeV) vs N . Dotted circles rej>

resent tin isotopes.
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Fig. 9 Ratios of experimental to calculated radiative width at
EXP CALL

neutron binding. B , r / T vs mass number A
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Fig. 10 Systematic trend of experimental radiative widths 7"

vs [(B-A)/J . The solid line represents the black

model predictions. Local systematics are given by dashed

lines.
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Abstract

Independent yields of fission products of the elements Kr, Sn, Sb and
232

Xe in the fast neutron fission of Th and of Rb, Sr, Cs and Ba in the
235

thermal neutron fission of U were measured. The isotopic distributions

show a significant odd-even effect. The dependence of the proton odd-even

effect on major parameters of the fissioning system is discussed and the

magnitude of the effect is found to decrease with increasing excitation en-

ergy and atomic number of the fissionable nuclide. Whereas the odd-even

effect systematics fits very well in the central region of the isotopic
235

distribution of yields in thermal neutron fission of U, a significant

enhancement of the yields in the heavy mass wing of the distribution was

found. An interpretation of this effect is suggested. Half-lives of various

fission products were measured and compared with theoretical predictions..

1. Introduction

The paucity of available data on fission product mass distributions

limits the extent of our comprehension of several features of the fission

process. Additional experimental data of improved precision is needed to

check theoretical models which were recently formulated and studies of

variegated fissioning systems may reveal the finest details of the fission

process.

The distribution of yields of fission products has not yet been
233 235

determined with adequate precision, except for the fission of U and U

induced by thermal neutrons . The analysis of 19 mass chains in the
235

thermal neutron fission of U has shown that a Gaussian with a constant
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Standard deviation of a =0.56±0.06 charge units does describe, on the
(5)average, the fractional independent yields in any isobaric chain .

Closer examination of even-Z fissioning nuclides, however, revealed sys-

tematic fluctuations about the Gaussian, so that the independent yields

of fission products are higher than predicted by the calculations for

those nuclides with an even number of protons and lower for those with an

odd number of protons . A quantitative approach to this odd-even
CI 2)effect showed ' that the average difference from the normal distribu-

(z.\ ?33 235

tior. ' is (22±7)% in the thermal neutron fission of both U and U.

The present study was aimed in two directions:

a) Establishing the dependence of the proton odd-even effect on the

fissionable nuclide and on the excitation energy using published fission

yields of uranium and plutonium isotopes, as well as our recently

measured fission yields in the fast neutron (fission spectrum) fission
232

of ZJZTh.

b) Detailed examination of existing systematics of fission yields of isotopes

far from the center of the nuclear charge distribution using on-line

measurements of mass separated fission products of the alkali and alkaline

earth elements.

2. Experimental

The experimental work was based on ionization of fission products

and their isotopic separation accomplished by accelerating the ions and

subsequent electromagnetic mass separation.The experiments were performed

using the on-line isotope separator SOLIS coupled on-line with an integrated

target-ion source- The fission events were induced by a thermal neutron
Q _9 —i 235

flux (6x10 ncm sec ) bombarding a target made of U enriched to 93%.

Two different experimental assemblies were used for the study of the various

investigated elements:
(1) The study of the alkali and alkaline earth elements, Rb, Sr, Cs and Ba,

was carried out with an uranium-graphite target, heated to 2000°C, integrated
(7 8)

with a surface ionization source ' . The delay half-times obtained were

0.27±0.03 sec for Rb and Cs isotopes and 1.4±0c3 and 1.0±0«4 sec for Sr

and Ba isotopes, respectively. The alkali elements were ionized on a Ta

surface and the alkaline earth elements on Re, The present version of the
(J 8)integrated target-ion source is very efficient, selective and reliable * .

Beta activity measurements of the fission products were made at the collector
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chamber of the separator by a 300Um silicon surface barrier detector. Delay

and decay times were determined from growth and decay measurements of a mass

aligned along the axis of the collector chamber. Isotopic fission yields

were determined in beta activity scans over a mass region. A scan is done by

a gradual variation of the magnetic field of the separator.

(2) The study of the rare gases Kr and Xe was carried out with an emanating

target containing a mixture of U-OQ or uranyl stearate with barium
(9 10)

stearate * . Gaseous fission products were transferred into the plas-

matron ion source (modified Nielsen type). The mean transfer time was about

0.7 sec, calculated from the rate of activity accumulation. The overall

efficiency of the system was 0.1%-l% according to the mode of collecting the

activity. The beta activity in on-line measurements was detected by a

telescope system consisting of NE-102 plastic scintillators. In off-line

measurements, the beta activity was collected on an aluminum strip which

afterwards was cut into mass segments, These were counted in gas flow pro-

portional counters. Both techniques were used to measure fission yields.

In another set of experiments, radiochemical separations were used
232

in an off-line method to measure independent yields in the fission of Th

induced by the fast neutron flux of the "rabbit" transfer system . The

elements studied were Kr, Sn, Sb and Xe. Gamma activities of fission pro-

ducts were measured with a Ge(Li) detector. In most cases, counting could

be started within ~20 sec after the end of irradiation.

3. Results

3.1 Half-lives

The experimental data in activity decay measurements were analyzed by

the program DECAY which fits, by the least squares method, a series of decay-

ing exponentials to the experimental curve. The half-lives are given in

Table 1. All measurements were made by beta multiscaling, except in the case

of Sr, which was treated by following the decay of the 122 keV gamma

transition in the excited levels of Y. Therefore the result for Sr was

very precise. The 0.6±Q.l sec component of mass 98 was attributed to both

gSr and Y. Very good agreement with published values was obtained in

most cases. The three nuclides Ba, Ba and 149La were identified for

the first time in this work and their half-lives determined. For some other

nuclei, meaningful results were obtained instead of rough estimates. The

shortest half-life measured was 0.1 sec.
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3.2 Fission Yields

Independent fission yields of isotopes of Kr and Xe produced in

In , ,f) were published ' prior to i

and therefore are not reported here again*

U (n , ,f) were published ' prior to the former Bologna FPND panel

no)
Independent yields of Rb, Sr, Cs and Ba , measured in this work,

are given in Table 2. The distributions, compared with the normal distri-

butions of Wahl, are shown in Fig. 1. The present distributions include
99 147-148 145-149

values for Rb, Cs and Ba determined for the first time. The

Cs and Ba isotopes were also identified for the first time in

the yield measurements. The precision of the results is very satisfactory
149

as indicated, for example, by the value of Ba. The error here is ±28%

mainly due to the statistical error in the measurement of the activity and

the error in the value of the delay half-time. The distributions of the

independent yields in the light mass region are not completely determined,

since only cumulative yields could be measured there. This is because the

rare gases Kr and Xe are produced in fission in high yields in this

region and are trapped in the target, thus leading to a significant produc-

tion of the alkali isotopes by $ decay.

The independent yields measured in the fast neutron fission of
232Th are given in Table 3. The yields of 91Rb, 131Sb and 140Cs were

evaluated by subtracting the measured fractional yields from 1.0. The

distributions of independent yields are compared with the normal distribu-

tion in Fig. 2.

m A 4. Discussion
4.1 Half-lives

The measured half-lives were compared (see Fig. 3) with the theoreti-
(13)

cal prediction of Takahashi et al. evaluated within the framework of the

Gross Theory of beta decay, and the agreement was better than an order of

magnitude. The agreement between calculated and experimental data was better

when the modified Lorentz single particle strength function was assumed,

rather than a Gaussian. There is a similarity between the systematic be-

havior of the experimental values and that of the predicted values. The

tooth structure, due to pairing, in the predicted curve also appears in the

experimental curve, but with a smaller amplitude. These findings permit

extrapolation of the experimental curve and prediction of values which have

not yet been measured- The experimental and theoretical curves of Cs, from

mass 143 upwards, are nearly straight lines when plotted on semilog scales

and therefore, a linear extrapolation with a slight tooth - modulation is



147-148 149
justified. By this procedure, the half-lives of Cs and Ba were

predicted and used in the analysis of independent yields. A similar

nearly straight line is also found in the case of La.

235

4.2 Independent yields of Rb, Sr, Cs and Ba in U (n ,,f)

The central region of the distributions of these elements (see Fig.l)

shows an odd-even effect in complete agreement with the findings of the

recent studies of this phenomenon. The heavy mass wing of the distribu-

tions is characterized by a significant enhancement of the yields relative

to the normal values calculated according to the prescription of Wahl.

This enhancement cannot be explained by the odd-even effect. The nuclear

(4)
charge distributions obtained by Siegert et al. show a similar feature

on the wings when compared with the normal distributions. By using chain

yields, isotopic independent yields may be obtained and these indicate the

same effect i«e. an enhancement in the heavy mass wing.

(12)
A model was developed to interpret this effect based on calcula-

235

tion of the total energy released in the thermal neutron fission of U

into a fragment pair of complementary elements (e.g. Rb and Cs). By

applying statistical considerations, the isotopic distribution may be

obtained and its shape is found to be represented by a Gaussian. The width

of this Gaussian is corrected for the additional dispersion caused by prompt

neutron emission. The corrected width parameter is in very good agreement

with the width parameter of a Gaussian fitted to the measured distribution.

The width parameter o\ of the Rb distribution is 2.1 amu, compared with

1.59 amu obtained according to the UCD postulate (a =0.56 charge units).
CΑ

232

4.3 Independent yields in Th (n
w
,f)

The independent yields determined in the fast neutron fission of

232

Th do not include more than 2 values in the central region of the

isotopic distribution of the elements studied. These yields, together

with the published data on Te and I, were analyzed and compared with the

normal values. The average odd-even effect for even-Z products is (28±10)%

and for odd-Z products (-32±12)%. These results were averaged again to

(30±12)% and corrected for particle-hole excitation at the saddle, induced

by the high energy part of the neutron spectrum. The corrected value,

(45±15)%, is introduced into the systematics of the odd-even effect

(see 4.4).
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4*4 Systematics of the odd-even effect

The measurements of independent and cumulative fission yields of

various products by on-line and off-line techniques were aimed at establish-

ing the systematics of the distribution of fission products. The normal

distribution suggested by Wahl was found inadequate when applied to experi-

mental yields of various elements^ . Consequently, the analysis of all

published independent yields in thermal neutron fission of U revealed a

systematic enhancement of the yields of even-Z products relative to a normal

Gaussian, and a corresponding attenuation of odd-Z products . The magni-
235

tude of this effect averaged over all fission events in U (n ,,f) was

found to be (22±7)%. Further investigation of fission yields in U (n . ,f)
/ f\ \ / n I \ til

revealed an effect of the same magnitude . Recent data * on the nuclear
235

charge distribution of light fragments in U (n , ,f) gave an average value
(1 2)which is in excellent agreement with the odd-even systematics * .

The odd-even effect was found to be dependent on two major para-
(14)meters : the excitation energy at the saddle, and the atomic number Z_, ofr

the fissionable nuclide. The effect decreases when the excitation energy at the

saddle exceeds the pairing gap and therefore, the effect in the fast neutron
235

fission of U is only 10%. This indicates that the odd-even effect is a

result of a partial preservation of the original proton pairs. When the

available excitation energy is sufficiently high, more proton pairs may be

broken at the saddle.

The Z dependence of the effect is shown in Fig. 4 for the following

nuclei: Th (fast), 233U (thermal), 2 3 5U (thermal), 2 3 8U (fast) and
239 232 238

Pu (thermal). In the cases of Th and U, the fission barrier is

high and the excitation energy in fast neutron fission is below the pairing

gap. Therefore, the "thermal" odd-even effect is preserved. While the odd-

even effect in the 3 isotopes of uranium is roughly the same (within the

error limits), there is a clear tendency towards a decrease with increasing
Z . It is predicted that for Z_ ^ 95 the odd-even effect is practically
F *

zero. The decrease of the odd-even effect at high atomic numbers may be

explained by the increasing density of the pairing levels at the descent

from saddle to scission which facilitates more level crossings and subse-

quent proton pair-breaking.

The evaluation of the odd-even effect in the distribution of fission

yields and its dependence on the excitation energy and atomic number of

the fissioning nuclide enable us to obtain good agreement between calculated

and measured fission yields and a reliable prediction of the yet unmeasured

values.
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Table I,- Half-lives (in sec) of fission products measured with, the SOLIS on-line isotope-separator.

Value in parentheses is the ratio exp-/calc, where calc* refers to data from ref. 13.

Mass

Rb

Sr

Y

Mass

J C s

Ba

La

Ce

I

91 '

59.6+0.2
(5.18)

141

29.3+0.1
(3.26)

92

4.57+0.07
(1.34)

142

1.78±0.02
(0.41)

93

5.92+0.09
(1.44)

143

1.78+0.01
(0.44)

15.2±0.2
(1.07)

94

2.80±0,04
(1.81)

76,7±0.9
(1*15)

144

1.04±0,03
(0.44)

12.0±0.4
(0.58)

40±3.5
(2.07)

95

0.402±0.008
(0.25)

25.1 ±0.2
(3.77)

145

0.65+0.03
(0.31)

2,7 ±0.1
(0.41)

21±5
(0.93)

96

0.22+0.01
(0.30)

1.10±0.02
(0.10)

6,3 ±0,2
(0.83)

146

0,31±0.06
(0.24)

2.2 ±0.2
(0.31)

9.0 ±0.6
(0,95)

97m

1.3±0.1

147

O,72±O.O7
(0.24)

4.4 ±0.5
(0.48)

97g

0.18±0.01
(0.26)

0.43±0,03
(0,18)

3.3 ±0.2
(0.34)

148

0.47±0.20
(0.17)

2.6 ±0.6
(0.58)

98m

0.6±0.1

149

1.2±0.4
(0.30)

4.7±0.8
(0.31)

98g

0.10±0.02
(0.26)

0.6 ±0.1
(0.20)

2.1 ±0.3
(0.69)



Table 2: Independent yields (IY) in

SOLIS on-line isotope separator.

U (n , ,f) measured with the

Mass

92

93

94

95

96

97

98

99

100

IY (%)

Rb

3.24±0.28

3.12±0.11

2.26±0.34

0.89±0,10

0.35±0.06

0.10±0.02

0,036±0.009

O.OO64±O.OO18

Sr

5.77+1.6

4.45±0.l4

2,56±0.72

1.63±0.46

0.49±0.14

0.18±0.06

\ 0.057±0,025

Mass

142

143

144

145

146

147

148

149

IY (%)

Cs

2.34±0.33

1.45±0.17

0.43±0.06

0.100±0.028

0.045±0.009

0.0097±0.0024

0.0024±0.0008

Ba

4.42±1.15

3.90±0.32

2.60±0.55

0.79±0.17

0.37±0.09

0.19±0.04

0.060±0.017

232
Table 3: Independent yields measured in the fast neutron fission of Th

(in %)

Kr

90

91

5.543±0.848

5.075±0.323

Xe

139

140

5.296±0.558

5.935±0.434

Sn

131

132

1.228±0.340

1.953±0.451

Sb

132 0.76540.327

- 197 -



Figure Captions

Fig. 1: Independent yield distributions of Rb, Sr, Cs and Ba in
235

U (n , ,f) measured in the present work compared with the
normal distributions.

232
Fig. 2: Independent yield distributions in Th (nF>f) measured in the

present work compared with the normal distributions.

Fig. 3: Half-lives measured in the present work compared with calculated
, (13)values .

Fig. 4: Odd-even effect in different fissioning systems. Z is the atomic
r

number of the fissionable nuclide.

- 198 -



60

50

40

^ 3 0
<

20

10

n

- -

-

I

\

1232

V

- \238f

7233
K235

i239

90 92 94

Fig. 4: Odd-even effect in different fissioning

systems
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Fig. 1: Independent yield distributions of Rb, Sr, Cβ
235

and Ba in U (n f) measured in the present

work, compared with the normal distributions.
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Fig. 2: Independent yield distributions in """"Th (n_,,f)

measured in the present work compared with the

normal distributions.
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Fig. 3: Half-lives measured in the present work compared with calculated

values <»>.
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Abstract
nig 9 40 241

Vast reactor fission yields &or Pu, Pα, Pα and

^
42
Pu have been measured &or the heavy mass range. The.

analytical procedure, tkn evaluation method and the

accuiacie* o& the determinations ane given. The

are supported by an observed systematic shl^t In the

mass-yields.

In the firame o£ the TACO Experiment, fissile nuclides have

been Irradiated In the last reactor Rapsodle fior the purpose

o£ measuring their cumulative fission yields. The fission

t
 „ + „- o ,^32

T
, 233,, 235,, 236,, 238,, 239-242

vsource material ( Th, U, U, U, U, Pu,
2 37 241 24 3

Np, Am, Am) Mas separately encapsulated, Inserted

Into standard rods o£ a fauel bundle and Irradiated up to an

approximate Integrated ̂ lux o^ 10 n/cm during 1970/71.

ANALYTICAL PROCEVURE:

The mass distribution o£ the fission products was obtained

by the measurement o£ selected fission products lying on the

heavy hump o£ the yield curve and covering about 70% o^ the

fission products.

*The TACO [TAux de COmbustlon) Experiment voas conducted In coope

ration with the CEA, Vrance and Included, as well as cumulative

fission yield measurement, the determination o^ Integral neu-

tron cross-sections In heavy nuclides and fission products .
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The fission gas Keleased irom the target but contained In the

Irradlatlon capsule was determined by Isotope dilation analysis.

Undz.fi vacuum the capsule was opened by means o{ a laser beam

and the fareed gas mixed with a spike o^ natural xenon by ciyo-

pumplng.

The ^li>i>lon ga& detained In the target voat> liberated during

dissolution and again measured by the Isotope dilution technique

[1].

In the dissolved sample, Sb, Cs and Ce voene measured

dlKectly by y-spectrometry. Using a mass-spectn.0mettle Isotope-

dllutlon technique the Isotoplc concentrations o^ Cs, Hd, Sm

Eu and Gd were determined [2]. The determination o^ Bα and Ce

galled due to heavy contamination with the naturally occurlng

Isotopes, A simple separation scheme was used to condition the

sample £or the purpose oh the mass spectrometrlc analysis

[see &lg. 1).

EVALUATION PROCEVURE:

The fission yields were obtained by normalizing the

product nuclide abundance In the sample to 100 percent. As

only nuclides on the heavy hump ofa mass distribution were

measured the normalisation condition Is:

<_160

n Y N
x
 = 100%

l=a

[n = normalisation factor, W« = fission product abundance,

a = the mean mass number obtained ̂ rom a * (W/+ 1 + v)/2

tN, - mass number o^ ^X^^^COKI source and v number o& emitted
6

neutrons).

The missing nuclides were obtained by Interpolation using

thermal fission yields [I^ available) or estimated yields
2 35

as Illustrated In the case o^ U [3].
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Vor the ma**e* 125, 131 to 137, 143 to 153 the averaged
235

re*ult* [a* obtained by analy*e* o{, two irradiated U

cap*ule*) were completed ̂ or the ma**e* not mea*ured by

u*ing the. reco mm ended thermal yield* [4] and &a*t ii**ion

yield* [5]. The di^erence ion. the two interpolation* amount*

only to 0.7 % faor the yield* o^ the mea*ured nuclide*. Uever-

thele** we relied rather on the thermal yield* became the

di^erence in the two *et* are mainly cau*ed by Bα and Ce

nuclide*, which - in our experience - are extremely di^icult

to mea*ure by ma** *pectrometry. However thi* technique wa*

u*ed to determine the £a*t yield* ilia. 2).

RESULTS AWP VJSCUSSIOhi:

0 ZtL Q 2 0 O A Q 0 A 1

The analy*e* o£ the nuclide* U, Vu, Vu, Vu and

242

?u are complete. The re*ult* have been corrected £or con-

tribution* to the ^i**ion* ̂ rom grown-in daughter product*

239 240 241

lor Vu, Vu and Vu. The latter contained a *igni^i-

241

cant amount o^ Km, faor which the ^i**ion yield determina-

tion* have not yet been ̂ ini*hed. The *ame *ituation al*o
2 4 3 23 6

hold* ̂ or Am and U. However, major change* due to the
22 c 9 41

evaluation procedure in the pre*ent data *et* ^or U, Vu
242

and Vu are not expected. The influence o£ neutron capture

o^ the ^i**ion product* them*elve* to their ma** di*tribution

appear* negligible. \hea*urement* aimed at the determination o^

^i**ion product cro**-*ection* under the condition* o^ the

experiment are underway.

The re*ult* obtained derive ̂ rom the analy*i* o& two inde-
2 39

pendent irradiation* ofi each nuclide [exept £or Vu where

three cap*ule* were irradiated). Vor each cap*ule the ii**ion

product* were determined in at lea*t three a**ay* [except £or

the &i**ion ga*e*), firom which the re*ult* are averaged

[table 1).

The re*ult* obtained in the TACO experiment compare poorly
22 c 2 3 9

with the recommended data [4]. Vor U and Vu the new
data obtained by W.J. Maeefc [5] match within the data accuracy,

240 241 242

Vor Vu, Vu and Vu only e*timation* o^ Sidebotham [6]
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He.fie. an agn.e.e.me,nt IΑ obAe.n.ve.d faoh. the. the.h.mal
0 7.VL 9 3 9

A* the. data faon. U and Pα did not 6how a gfie.at dl66e.Jie.nce.

knom the. ne.\>I*e.d the.fimal one.* [ 7 ] , the. aQne.eme.nt with "the.fimal"

e.&tlmatlonA l& not AuiptiiAing. In thi* ccue, howe.ve.n.f the. te.Km

"the.n.mal" should be mom e.xactly ie.place.d by "the.h.mal and
fie.adton.u, which make.6 Ae.n*e. ofi the. klbblonablllty o^ nucllde.6

6uch a* 240?u and 242?u [ 8 ] .

The. Pu il&blon &ou.n.ce.6, having the. 6ame. pKoton

6how a Atzady mat* 6hl£t In the. yle.ld dl*>tnlbix.tlont>, which 16
2 35

dlkie.ne.nt ^Kom nucllde.6 with anothe.fi numbe.fi ol piotonA ( 6/,
LD0U, Up, Am). ThU U cle.an.ly lllu*th.ate,d In the.

ca&e. o^ nu.cllde.6 lying on the. he.avy Aide. o£ the. ma*& yle.ld

endive, i&lg. 3 ) . The. Aame. 6y&te.matlc6 cannot be. ob&e.tive.d

all me.a&ufie.d &lA6lon product* o& the. Pu-Aouice.* [£lg. 4 ) .
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o

J MASS

! 125
] (126)
i (127)
! (128)
[ (129)
i (130)
! 131
] 132
i 133
! 134
j 135
i 1 3 6
! 137
| (138)
i (139)
! (140)
' (141)
i (142)
! 143
] 144
i 145
! 146 ,
! (147) J
i 1 4 8 i
! 149 !
! 150 |
i 1 5 1 i
! 152 !
I 1 5 3 |
| 154 i

i 1

| 239pu

! 0.10+12 %
| 0.20+2.9%
i 0.48+3.2%
! 0.82+1.9%
J 1.50+3.7%
i 2.52+3.5%
[ 4.23+2.9%
I 5.73+2.7%
i 7.21+1.2%
! 7.83+3.5%

7.60+1.4%
7.04+1.1%
6.43+1.0%
5.55+1.5%
5.47+2.1%
5.31+2.1%
5.01+2.8%
4.69+3.7%
4.27+1.4%
3.58+0.6%
2.97+1.6%
2.44+1.3%
2.03+0.7%
1.64+1.3%
1.25+0.5%
0.97+1.6%
0.79+3.1%
0.64+0.9%
0.47+6.4% J
0.31+ 14% i

i~

| 2 4 OPu
1 ~ "
! 0.08+ 62%
i 0.22+ 32%
! 0.43+9.3%
! 0.82+ 27%
i 1.46+8.9%
i 2.49+2.4%
| 4.03+5.1%
J 5.68+1.5%
! 6.87+0.5%
| 7.99+2.3%
i 7.23+0.8%
! 6.68+2.7%
| 6.32+1.7%

6.06+0.5%
5.89+4.7%
5.51+3.1%
5.21+3.3%
4.70+2.2%
4.20+0.7%
3.54+3.7%
2.93+0.5%
2.45+0.8%
1.99+0.5%
1.68+0.3%
1.32+0.7%
1.01+ 0%
0.85+1.8% !
0.67+5.3% |
O.-46+ 21% i
0.34+ 26% !

1 - - -

| 2 4 1Pu
1" "
1 0.09+ 11%
i 0.16+9.4%
! 0.30+8.3%
| 0.57+ 7%
i 1.07+ 9%
! 2.26+1.6%
| 3.74+1.9%
i 5.07+1.8%
! 6.68+0.7%
| 7.88+1.8%
i 7.22+1.3%
! 6.80+0.9%
| 6.31+0.9%
6.36+0.6%
6.10+0.2%
5.72+0.4%
4.68+ 1%
4.61+1.4%
4.38+0.7%
4.00+2.2%
3.12+0.3%
2.65+0.4%
2.17+0.7%
1.84+0.5%
1.43+0.7% j
1.15+0.9% i
0.90+3.3% !
0.71+1.4% |
0.53+3.8% i
0.38+5.3% !

| 242 p u

r ~
] 0.06+ 16%
i 0.20+ 0%
! 0.34+ 16%
J 0 . 5 3 + 1 1 %
i 1.06+ 10%
! 1.91+2.4%
| 3.15+ 4%
i 4.38+ 2%
! 6.43+0.3%
| 7.25+0.3%
i 7.04+3.5%
| 6.67+2.8%
| 6.27+2.4%

6.22+2.2%
6.06+2.2%
5.76+2.8%
5.23+0.4%
4.62+0.6%
4.46+0.5%
4.14+0.7%
3.31+0.6%
2.87+0.5%
2.35+0.4%
1.97+ 0%
1.63+0.6% J
1.30+ 0% i
1.02+ 2% !
0.85+1.2% J
0.65+1.5% i
0.47+2.1% ]

i 235 I
i U !1 _ i

j 0.06+9.4% !
! 0.10+0.5% !
] 0.20+0.3% |
| 0.49+0.1% i
i 1.09+ 0% !
! 2.00+0.2% ]
| 3.21+0.6% i
i 4.68+0.4% !
! 6.85+0.7% ]
J 7.58+0.3% i
i 6.72+0.2% !
! 6.19+0.4% (
J 6.27+0.3% i
i 6.69+0.2% !

6.44+1.2% j
6.06+0.2% i
5.57+0.4% !
5.62+0.3% [
5.67+0.3% i
5.17+1.1% !
3.73+0.4% |
2.91+0.4% i
2.11+2.1% !
1.67+0.6% |
1.02+1.0% i
0.68+0.8% !
0.41+2.5% [
0.24+5.7% i
0.16+8.2% !
0.07+ 0% j

Table 1: Cumulative fission yields for
averages and percent deviation.

239-242Pu and 235U



SAMPLE SOLUTION

8 M HNO,

imlV

DOWEX 1 x 10

200 - 400 MESH

PRECIPITATION

3 ml NH
4
0H 25%

PRECIPITATE DISSOLVED

0,5 ml 0,05 M HCL

DOWEX 50 x 8

200 - 400 MESH

tml

1ml

6mt

MIXED SPIKE

1 5 0
Nd,

 1 3 3
C s ,

 1 4 8
Sm

1 5 1
Eu,

 1 5 4
Gd.

WASH SOLUTION

6 ml 8 M HNO,

11ml Cs (Rb, S Γ , Ba)

BY MASS SPECTROMETRY

11 ml

0.5ml
H

2
0

3,75ml
0,25 M α - HIBA

1ml FRACTION Ce, La

0.6ml
FRACTION Nd, Pr, Pm

Q65ml
FRACTION Sm,(Am),(Cm)

1.5ml
FRACTION Tb, (Cf)

Fig. 1: Chemical conditioning of samples for

isotope dilution mass spectrometry.
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235
Fig. 2: Mass distribution in heavy nuclides in U

fast reactor fission and interpolation with

recommended data.
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o

u.
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x Pu A Am
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MASS NUMBER

Fig. 3: Systematic mass shift of 1 4 8Nd and 1 5 0Nd yields

for different fission sources.
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240 241 242
MASS NUMBER

Fig. 4: Mass shift of cumulative yields for
Pu-fission-sources in a fast reactor
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C o n t r i b u t i o n to Review Paper 10

FISSION PRODUCT YIELDS IN 2 3 5 U FISSION BY FAST AND THERMAL
NEUTRONS

K. Debert in

Physikalisch-Technische Bundesanstalt
D-33OO Braunschweig

Abstract: Relative yields of fission products in JJW fission
2R2

induced by thermal and J Cf spontaneous fission neutrons

were determined by means of γ-ray spectrometry. Past-to-

thermal yield ratios are given for 20 fission products.

In some cases, in particular on the wings of the mass

yield curve, our results differ from those obtained with

reactor fast neutron spectra.

This work has been started with the aim to contribute to the

investigation of the energy dependence of so-called fast fission

yields. Most of the data reported in the literature have been ob-

tained from measurements in nuclear reactors. Since the fast neutron

spectra differ for the various reactor types and for different

irradiation positions within the same reactor, the evaluated

fission yields in tabulations based on these measurements are valid

for a rather poorly defined mean reactor fast neutron spectrum.

This does not matter, perhaps, for fission products in the maxima

of the mas3 yield curve where fission yields are not expected to

vary considerably. In the valley and on the wings of the curve,

however, a clear energy dependence has been observed.

23S
We have determined relative fission product yields in U fission

PR? PR ?

by neutrons emitted in Cf spontaneous fission. The Cf source
2"5S

and the U samples (discs of 10 mm diameter and 0.2 mm thickness,

enriched to 93 % U) were mounted in a low-scattering open-air
2S2

mast construction /I/. The
 J
 Cf neutron spectrum is known quite

well, and it is not expected to be considerably distorted by the

source mounting materials. A total of six irradiations lasting



from two hours to twelve days were performed. In addition three

samples were irradiated in the thermal neutron spectrum of the PTB

reactor FMRB. The fission rate was of the same order of magni-

tude an for the
 2 5 2

Cf irradiations.

Gamma-ray spectra of the irradiated samples were repeatedly taken

with a Ge(Li)-spectrometer (active volume 70 cm , resolution 2.2 keV

at 1.33 MeV) at cooling times between half an hour and 100 days.

Because the number of fissions was not determined absolutely, only

relative cumulative yields could be derived from the number of

counts in the peaks corresponding to the respective fission pro-

ducts. Any results showing a dependence of the yield on the irradi-

ation time or on the cooling time (due, for example, to another

nearby γ-ray) were eliminated.

In Table 1 we have given the "fast/thermal" yield ratios with

95 . . .

respect to ^Zr along with the chain yield ratios taken from the

Meek and Rider tables /2/. For the fission products under study

the chain yield ratios are not expected to differ from the cumulative
95

yield ratios. The ratio for ^Zr m column 2 has been set equal to

that in column 3» Our results represent the mean .of all values ob-

tained from the different irradiations and, in some cases, from

several prominent lines. When forming fission yield ratios, any

errors due to γ-ray self-absorption in the sample, to the efficiency

calibration, to γ-ray emission probabilities and to real summing

corrections cancel. Dead time and pile-up counting losses were

accounted for by the pulser method. The fast yields were corrected

for contributions of ^ U fission. Uncertainties quoted in the

Table are mainly of statistical nature and are valid at a confidence

level oi' about 68 %.

Our results reflect the energy dependence of fission yields in

particular on the wings of the mass yield curve (e.g. mass numbers

103, 105, 131, 132). A comparison with the Meek and Rider values
pit:

in column 3 of the Table makes evident that U fission yields in

reactor neutron spectra clearly differ from the yields in the harder
252

neutron spectrum of Cf.
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235
Table I; Ratios of fission product yields Y from U fission by

252fast neutrons (Cf: Cf fission neutrons, r reactor
spectrum neutrons) to the yields Y from thermal neu-

tron induced fission (Y cumulative yield, Y total yield)

The uncertainties quoted in column 2 are mainly statisti-

Fission

product

cal ones and relate to a confidence level of 68 %.

I rf / +.v,l r /
*) Y / YL c t ' c Jrel

Debertin, l"977

0,94

1,010

0,922

0,966

0,9 50

0,990

l,O16

1,013

1,099

1,264

2,95

1,54

1,258

1,136

1,000

0,93

1,013

0,94

0,960

0,95

0,892

0,97

1,26

+ 0,04

+ 0,015

+ 0,010

+ 0,010

+ 0,018

+ (0,010)

+ 0,007

+ 0,016

+ 0,O07

+ 0,021

± 0,09
+ 0,10

+ 0,019

+ 0,008

+ 0,008

+ 0,04

+ 0,008

± 0,03

+ 0,009

+ 0,04

+ 0,008

+ 0,05

+ 0,07

/
Meek and Rider, 1974

87Kr
88Kr/Rb
91Sr/Ym

92Sr/Y
93,,

95

97

99

03

iO5

127

129

131

132

133.

134

135

138

140

142

143

147

151

Zr/Nb

Zr/Nb

Mo

Ru

Rh

Sb

Sb

Te/I

Te

I/Xe

Cs

Ba/La

La

Ce

Nd

Pm

**)

0,950
0,992

0,946

0,961

0,958

0,990

1 ,004

O,93O

1,051

1,17

2,42

1,58

1,143

1,106

0,954

0,992

0,946

0,944

0,954

0,922

0,946

1,045

1,036

+ 0,021
+ 0,022

+ O,O2l

+ 0,021

+ 0,021

+ 0,012

+ 0,020

+ 0,016

+ 0,030

+ 0,14

+ 0,32

+ 0,16

+ 0,023

+ 0,019

+ 0,015

+ 0,023

+ 0,024

+ 0,015

+ 0,014

+ 0,027

+ 0,011

+ 0,034

+ 0,024

95,

**)
normalized to the ratio for Zr from Meek and Rider

not included in the uncertainties of the other ratios.
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Fig» 1 Fast to thermal yield ratio for -*U fission (see also
Table I).

h/ Y+h from Meek and Rider (2)

Yc f/ Y t h , th is workc c
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NUCLEAR-CHARGE DISTRIBUTION IN FISSION - INVESTIGATION OF SYSTEMATICS

AND METHODS FOR ESTIMATION OF INDEPENDENT YIELDS*

Arthur C. Wahl

Washington University, St. Louis, Missouri

United States of America

Abstract:

Three mathematical models for calculation of independent fission-

product yields are described, and, with the parameters derived for each

235from the data for thermal-neutron-induced fission of U, the three

models represent the data about equally well. Two models are of conventional

form with charge dispersion for each mass number, the maxima occuring at

Zp and the widths being related to az, but differ in the method of

representing the proton-pairing effect. In one the effect is introduced

as a constant multiplier (1.25 for even Z's and 1/1.25 for odd Z's) of

independent yields derived from a Gaussian dispersion with constant

values of o^ and AZp = |Zp-Z(UCD)|, UCD representing unchanged charge

Work supported by the United States Energy Research and Development

Administration, Atomic Energy Commission, and National Science Foundation

and by the Alexander von Humboldt Foundation through an award to the

author in 1977 for research at the Institut flir Kernchemie der Universitat

Mainz, where the last part of this investigation was carried and where

this article was prepared.
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distribution. In the second model pairing is represented by oscillating

AZp and az functions. For both models abrupt changes in values of the

functions are observed near Z = 50, and the changes are attributed to the

effect of the stable 50-proton shell on the fission process.

The third model describes the dispersion of fragment mass numbers for

each atomic number, maxima occurring at Ap and the widths being related

to 0,1 , which is nearly constant. For this model an abrupt change in

element yield (^40 fold) is observed between Z = 49 and 50, an effect

also attributed to the stability of the 50-proton shell and related to

asymmetric mass division in low-energy fission processes.

A modification of the first model described has been used to represent
233 239data for thermal-neutron-induced fission of U and Pu and for

252
spontaneous fission of Cf. The o-, values for the various fission
processes are nearly constant, and AZp values vary only a little, being

239largest for Pu. However, the proton-pairing effect, which is prominent
p 233

in the fission of both U and U, is essentially absent in the fission

of 239Pu and 2 5 2Cf.

The possibilities and limitations of using the models for estimation

of unmeasured independent yields is discussed, and it is pointed out that

uncertainties in the estimates can be quite large.
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1. INTRODUCTION

The distribution of nuclear charge in fission is of both theoretical

and practical interest. Independent (or primary) yields of fission

products are related to the probabilities of various mass and charge

divisions and to the dependence of prompt-neutron yields on mass and

atomic numbers, excitation energy, etc. of a fissioning nucleus so

independent yields and/or systematic methods of representing them are

useful for comparisons with theoretical predictions. Independent yields

are also useful for interpretation of delayed-neutron yields and for

determination of delayed-neutron emission probabilities. In addition,

independent yields are useful in reactor design, e.g., for calculation

of heating effects from fission-product decay following a reactor shut

down.

Most fission products decay rapidly and/or are rarely formed, so

independent yields are generally difficult to measure and are available

for only a small fraction of products from the many fission processes
235that occur, even for thermal-neutron-induced fission of U, for which

by far the most information is available. Therefore, it is desirable to

deduce systematic trends from the independent yields that have been

measured in order both to understand better the mechanism of nuclear

fission and to estimate as well as possible the unmeasured yields.

The method of estimation of independent yields described in this article

involves derivation of models, involving simple mathematical functions,
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235from the data available for thermal-neutron-induced fission of U

and testing how well each model represents tha data. Then a suitable

model is chosen for use with other fission processes, and the mathematical

functions are fitted to the available data for each process to determine

the values of the parameters for the model. The magnitude of the parameters

and their variation with mass and atomic numbers and excitation energy

of a fissioning nucleus could give information about the mechanism of

nuclear-fission processes and could also allow extrapolation of the

parameters to fissioning systems for which few or no data exist.

This article reports the current status of a continuing investigation

of nuclear-charge distribution in fission; previous articles [l,2jdescribe

some of the procedures that have been developed and are still used. The

fission processes discussed in this article include thermal-neutron-
235 233 239induced fission of U, U, and Pu and spontaneous fission of

2 5 2Cf, the symbols [3] used for these processes being U235T, U233T,

PU239T, and CF252S, respectively. It is hoped that discussion of these

systems will illustrate some uses of the methods described and, as the

investigation continues, that the methods can be improved and extended

to still other fissioning systems.

The conventional description of nuclear-charge distribution in fission

involves for each mass number (A) a charge-dispersion curve with a maximum

at charge Zp, which is usually non-integer. For many mass numbers the

curve is approximately Gaussian in shape [l»2,4] with a full-width at

half maximum of ^ 1 . 5 charge units, but the experimental data for U235T



are better represented if the independent yields of fission products with

even atomic numbers (Z) are increased and those with odd Z's are decreased

from the Gaussian values [2,4,5,6j . The magnitude of this even-odd-proton

effect is <~»25 %, on the average, and the magnitude of the corresponding

even-odd-neutron effect is smaller by at least a factor of three [6] ,

probably, at least in part, because the primary effect is dispersed by

prompt neutron emission. Values of Zp for light fission products are

larger, and those for heavy products are smaller than would be expected

if protons and neutrons were distributed uniformly between the two fragments

(i.e., unchanged charge distribution - symbol: UCD); for U235T the average

deviation from UCD is ^0.5 charge units [2,4j .

The effects discussed above deduced [2,4,5,6^ from radiochemical and

mass-spectrometric data for U235T are generally supported by the data

available for several other low-energy fission processes [4,6,7,8J and

by X-ray measurements [9] for U233T, PU239T, and CF252S. The effects

were also observed for light fission products from U235T with near average

kinetic energies and ionic charges separated according to mass number, ionic

charge, and kinetic energy by the LOHENGRIN fission-product separator at

Grenoble [lO,lfJ . Also, the complete set of independent yields for these

selected fission products (a very small fraction of the total for each A

and Z with independent yields v^0.1 %) allowed additional observations

to be made, (a) The slope of the Z(A) function oscillates in such a way

that Z(A) values tend to remain close to even-Z values, and this effect

is especially large at Z = 42, which is complementary to Z = 50. (b) Charge

dispersion curves vary in width and deviate from the Gaussian shape, the
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widths and deviations being strongly correlated with the even-odd-proton

effect and to a lesser extent also with nuclear-shell and even-odd-neutron

effects, (c) The magnitude of the even-odd-proton and -neutron effects

vary with A.

2. COMPILATION AND SELECTION OF DATA

Radiochemical and mass-spectrometric data were obtained from several

compilations [2,3,7,8,12*] and from recent literature, unpublished reports

and theses, and personal communications. Some data were not included

because the method of measurement had not been adequately tested and/or

results were in conflict with other data that appeared to be more reliable.

Thus no results from hot-atom chemical experiments, from mass-separation

of bromine and iodine fission products, or from the Munich fission-product

separator were included. Data for U235T [lO,ll] from the fission-product

separator, LOHENGRIN, for fission products with near average kinetic energies

and ionic charge states were included, after comparison with radiochemical

and mass-spectrometric data as discussed below.

A qualitative comparison [l3j of radiochemical and LOHENGRIN data

indicated general agreement, so it seemed probable that the complete sets

of 'partial, yields (since measurements were made for only a wery small

fraction of each fission product) from LOHENGRIN experiments were

reasonably representative of 'total' yields as measured by radiochemical

and mass-spectrometric techniques. A detailed comparison of fractional
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independent yields (FI) for 45 light fission products for which both

'total, and 'partial, yields were available showed for both types of

LOHENGRIN measurements [lO,ll] , that ̂ 6 5 % of the values agreed

within the sum of the reported experimental uncertainties, that ^ 2 5 %

of the values differed by 1 to 2 times the sum of the uncertainties,

and that r^10 % of the values differed by more than 2 times the sum of

uncertainties. About one-half of the differences exceeding the sum of

experimental uncertainties were for small yields, the LOHENGRIN values

generally being larger than the radiochemical values. It was concluded

that LOHENGRIN 'partial' yields could be used to represent 'total,

yields, but with increased uncertainties. The estimated uncertainty

was the larger of _+0.04 or 15 % of a value; thus, for the average of

two yields,one obtained by each method [lO,ll] , the estimated uncertainty

was the larger of +p.O3 or 10 % of the average value. For large values a

somewhat smaller uncertainty was derived from the smaller uncertainties

for yields of isobars, since the sum of FI values for each A must be one.

Further evidence that the 'partial' yields are resonable approximations

of 'total, yields is given in section 6, where it is shown that essentially

the same average values for parameters associated with a model are derived

with or without the inclusion of LOHENGRIN data.

The yield value and uncertainty selected for each fission product was

consistent with all data considered to be reliable; where two or more
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data were not in agreement, an intermediate value was selected and a

large uncertainty was assigned. It was also required that the sum of FI

values for each A be one, within assigned uncertainties and usually

within +0.011.

3. CALCULATIONS

Two basic models were considered: (a) the conventional one discussed

in the introduction involving charge dispersion as a function of A, and

(b) a model involving mass-number dispersion as a function of Z. It was

hoped that comparison of the two models would reveal strengths and

weaknesses of each and perhaps reveal or emphasize the more important

factors to be considered in describing nuclear-charge distribution in

fission.

It was desirable, especially, when few data were available, to establish

the complementarity between light and heavy fission products in order that

data for both could be used in the same mass-number region, a technique

that was used earlier [l,2J • For this purpose Terrell's method [l4j was

used, as before, but with recent mass-yield data L15J to derive the total

A limited number of copies of the compilation of experimental data and

selected yields in the form of computer output will be available fairly

soon for those who have current need for the compilation. A planned

future publication will include the compilation and estimated yields

from model calculations.
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number of neutrons, Vy, emitted to form products with complementary

mass numbers. An estimate of the average mass-number (A
,
) of the primary

fragment precursors of each final product was obtained by multiplying

Vγ by a ratio, R = (v
p
/v

T
), derived by Musgrove, Cook, and Trimble U J

from data obtained by physical measurements of the average number of

neutrons (v^) emitted by primary fragments from U235T ]l6,17J.

A
,
 = A + Rv

T
 (1)

Because of lack of better information, the same ratio R was also used

for fission processes other than U235T. It should be noted, however, that

although an incorrect R value would result in poor estimates of A
,
, it

does not destroy the complementarity derived since the relationship,

R(A, ) = 1-R(A
H
), was used in which A. = Ap-A,,-Vy, the subscript L, H,

and F refering to light, heavy, and fissioning nuclei, respectively.

Dispersion in both Z and A were assumed to be Gaussian in shape, but

modified by even-odd-proton, EOZ(A), and even-odd-neutron, EON(A) or

EON(Z), factors, and equations essentially equivalent to the following
2

were used for calculations of FI and IN (independent-yield) values .

2
The ratio IN(A,Z)/FI(A,Z) = Y(A), the mass or chain yield for A, Y(A)

values being relatively well known I 3,12 J . Also, fractional-cumulative
Z Z

yields, FC(A,Z) =£FI(A,Z), and cumulative yields, CU(A,Z) = £ IN(A,Z),
0 0

are also sometimes measured and are readily interconverted:

CU(A,Z)/FC(A,Z) = Y(A).
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[EOF(A)] [NF(A)] r 2 I

FI(A.Z) = — 1/2 exp |[Z-Zp(A)]Vcz(A)j (2)

[EOF(Z)][Y(Z)J r 2/ 1
IN(AsZ) = - 7 T ^ r m «P |[A'-A'(Z)]Z/cAI(Z)} (3)

(_7TCA, (Z)J I J

In Eq. 2 EOF(A) = [EOZ(A)] [EON(A)] if both Z and N are even or the

reciprocal of the appropriate factor if Z and/or N is odd. The symbol

NF(A) in Eq. 2 is a normalization factor required because application

of even-odd factors destroys the inherent normalization property of a

Gaussian distribution, e.g., FI(A) = 1.00 [ 4 ] . In Eq. 3 the even-odd

factor EOF(Z) = EON(Z) if the neutron number (N) is even or 1/EON(Z)

if N is odd. The normalization factor cannot be separated from the element

yield, Y(Z), a parameter that must be determined or estimated for each

pair of complementary Z's, since Y(Z) values are not accurately known.

Calculations were made by the method of least squares using the general

least-squares program, ORGLS, of Busing and Levy 118 J after suitable

modifications had been made. The Gaussian equations used in the program

were in cumulative from I lj and, therefore, involved error rather than
3

exponential functions and the width parameter , a, which is related to c

approximately through Sheppard's correction.

3The 'a, values reported with the later LOHENGRIN results [lO.ll] are the

square root of the second moment of the charge distribution and are applicable

to any distribution; if the distribution were Gaussian, however, this 'a, =
1/2(c/2) ' , i.e., it would differ from the a discussed in this article by not

including Sheppard's correction.
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When normalization was necessary, two calculation subroutines were

used in each cycle of the least-squares iteration procedure, the first

to calculate the normalization factor appropriate for the parameter

values being used in that cycle, and the second to calculate FI and FC

values for comparison with the data.

In the initial phase of the current investigation, when models were

being chosen and parameters for them were being derived from U235T data,

each A or Z was considered separately. Later, before extending the

investigation to other fission processes, for which too few data exist

to allow this approach, computer programs were modified to allow derivation

directly in one calculation of all the parameters for a model (e.g.,

AZp = |Zp - Z(UCD)|, ay> EOZ, and EON) from data for all mass numbers, expect

those near symmetric mass and charge division, where few data exist and

require special treatment, as will be discussed in sections 7 and 8.

Very small values of FI or IN, although often measured reliably and

accurately, were of limited use for deriving and testing the simple models

to be discussed, partly because in using the conventional least-squares
2

weighting factors (l/(error) ) the very small absolute errors gave undue

weight to the small values. However, a more fundamental reason is that most

very small yield values are for fission products near the region of beta

stability and are formed by neutron emission from primary fission fragments

with wery much higher yields, so that even small differences in primary

yields or in neutron-emission probabilities have large effects on the

very small yields of the final products. Thus, small yields for fission
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products near beta stability cannot be estimated accurately by use of

the simple models to be discussed, and, conversely, they are of little

use in deriving the models. Therefore, one of the following two procedures

was followed: (a) Only FI or FC values ^0.01 were used, (b) All values

were used, but the error was taken to be the largest of (i) the experimental

uncertainty, (ii) the estimated uncertainty assigned for use of 'partial,

yields from LOHENGRIN as 'total, yields, (iii) the estimated uncertainty

in the values calculated by use of a model, an uncertainty derived from

the function,

ME = 0.1/(FI)1/3 (4)

which gave error values (error = +(ME)(FI) or = -(ME)(FI)/(1 + ME)) that

approximated the author's expectations of how well a simple model might

be able to represent data and,possibly, to allow estimation of yields .

4. DERIVATION OF MODELS FOR U235T

It seemed clear from a study of the LOHENGRIN results flO,ll] that

the oscillating natures of the Zp or I and V functions were due mainly

to the even-odd-proton effect; however, it was not clear whether the data

could be better represented by a model involving even-odd effects or by

4
For example, the estimated model error (ME) is 11 % for FI = 0.8, 20 %
for FI = 0.1, 45 % for FI = 0.01, a factor of 2 for FI = 10"4, and a
factor of 100 for FI = 10"9.
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one involving oscillating Zp and a functions, and it seemed possible

that a more complex model involving both and/or other factors might

be required. As a start in exploring this problem, two versions of the

conventional model were derived from the selected data with FI(FC)> 0.01,

one with constant average values, AZp = AZp(L) = -AZp(H) = 0.50, o^ = 0.54,

and EOZ = 1.25 (called the EOZ model), and one with oscillating AZp(A')

and ay(A') functions (called the OSC model). Equations for the oscillating

functions are given below, and plots of the functions are shown as lines

in Figs. 1 and 2.

AZp(A') = 0.44 + 0.005 [A'(H) - (50)(236)/92J + 0.095 sin [(Zp(H) - 50)TT] (5)

For light fission products: A'(H) = 236 - A'(L), and Zp(H) = 92 - Zp(L).

= 0.54 - 0.13 cos [(Zp - 50)TT1 (6)°1

Since charge dispersion is small, there are relatively few (usually

only 3 or 4) FI values ^0.01 for each A, and it proved impractical to

determine several parameters simultaneously. Therefore, the average charge,

Z(A), was first determined for each A and assumed to be CfZp(A). It was

from these values that AZp =0.50 and the parameters given in Eq. 5 were

derived .

In later calculations, described in section 6, slopes, 3AZp/dA', were
found to be essentially zero rather than finite as given in Eq. 5.
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The abrupt changes in the AZ
p
 and α-j functions near Z = 50, 42

shown in Figs. 1 and 2, indicated that data for A = 105-129 required

special treatment, which is discussed in sections 7 and 8, and these

data were not used in derivation of the AZ
p
 and a

z
 functions discussed

above and below, respectively.

Values of o^ were next calculated for each A using Z
p
 values calculated

from Eq. 5 and EOF = 1.00. Values are plotted in Fig. 2 and were used in

the derivation of aZ = 0.54 and the parameters given in Eq. 6.

For the less conventional model describing mass-number dispersion at

constant Z (called the A
p
 model), the dispersion is quite large, and 8

to 14 data with FI values ^0.01 were available for 17 elements, 11 with

Z < 42 and 6 for Z •$, 50. For each of these elements, values of A
p
, a.,,

and Y(Z) were derived, assuming EON(Z) = 1.00. Plots of a
A
, and AA

p
 are

shown in Fig. 3, and a plot of Y(Z) is shown in Fig. 4. Results for

complementary elements are reasonably consistent, and values of a
A
, do

not vary greatly from ZTi = 1.5. Parameters for calculations were taken

from the lines shown in Figs. 3 and 4. The Y(Z) values used are the averages

for complementary Z's after normalization of calculated IN values to add

to the recommended Y(A) fl5j by use of a computer program, which

calculates IN(A,Z), Y(A), etc. from A
p
(Z), cu,(Z), and Y(Z) input parameters

Values of A
p
, a^, and Y(Z) were also derived, without addition of v

p
 to

A, and were quite similar to A
p
, a»i, and Y(Z), except a« varied more than

a,,,. In one calculation EON(Z) was also derived; there was considerable

variation, but EON(Z) ^ 1 . 0 7 .
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The even-odd-proton effect shows up prominently in Fig. 4, which also

shows that the effect was largely lost in the X-ray measurements [9] .

The derived AAp values shown in Fig. 3A are resonably consistent with

those from the X-ray measurements, expect the differences are quite large

for Z = 40, 42 and 51, 41.

5. TESTS OF MODELS FOR U235T

The parameters associated with each model were used with computer

programs to calculate FI,FC, IN, Y(A), and Y(Z), for all fission products

from U235T, and experimental and calculated values were compared in

several ways. The three simple models were found to represent the data,

from which they are derived, about equally well. For example, 60-65 %

of the experimental and calculated values agreed within experimental error

(or the estimated assigned error for LOHENGRIN data), and only 3-4 %

of the values disagreed by more than a factor of two. The worst

discrepency for all three models occurred for Ga; much larger FC

values were calculated (0.78-0.90) than had been measured (0.573 ĵ  0.014

[l9j ). Since the difference between calculated and experimental values

was ~ 2 0 times the reported experimental uncertainty, the value was not

used in later calculations.

Other comparisons between calculated and experimental values included

calculation of 'goodness-of-fit, values (called FIT and defined and dis-

cussed in section 6), the values for the three models being about the
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same (^v>1.5). Also, for the EOZ and the OSC models, the change in Zp

(for constant az) and the change in oj (for constant Zp) required to

bring a calculated value into agreement with an experimental one were

determined. For both models 88 % required a change in Zp of <0.1, and

only 4 % required a change of >0.2; 80 % required a change in a-, <0.05,

and 12 % required a change of >0.1.

In addition, semi-logarithmic plots of experimental and calculated

IN values vs. A and vs. Z were made for visual comparison; in most plots,

involving all three models, agreement between calculated and experimental

values was satisfactory. It was demonstrated, as expected, that the near

Gaussian dispersion of yields with respect to both A and Z, observed in

the high and nearly constant mass-yield regions, does not hold in regions

where mass-yields change rapidly. This effect is illustrated for technetium

yields in Fig. 5.

The simplest of the three models is the EOZ model, and, because of its

simplicity, it is most easily applied to other fissioning systems for which

much less data exist than for U235T. The EON factor was added, and the

results of calculations with this model, modified to derive AZp, *o^, EOZ,

EON, and dhlp/dk, values from data for many different mass numbers

simultaneously are discussed in section 6.

The less conventional Ai model is perhaps the most fundamental of the

three tested, and it is encouraging that it represents the U235T data as

well as do the more conventional models. The even-odd-proton effect is

included naturally in the Y(Z) values, as shown in Fig. 4., and, as will be

discussed in section 7, the peak-to valley transition, which is awkward for the
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conventional models, is accounted for quite naturally by a large

relative change in yield ($.~40 fold) between
 5
QSn,

 4 2

M o ancl
 4g

I n
»

43TC. Unfortunately, the model is not useful at present for fission

processes other than U235T because Y(Z) values are not accurately known

experimental quantities, and, therefore, many parameters would need

to be determined from the limited data available.

6. USES OF MODIFIED EOZ MODEL AND APPLICATION TO OTHER FISSION: PROCESSES

One use of the modified EOZ model, which determines AZ
p
, a

z
, EOZ, EON,

and }AZp/^A' from data for many mass numbers simultaneously, was to test

the over-all consistency of two different data sets by comparing the

derived parameters. For example, as shown in Table I, removal of most

LOHENGRIN data from a U235T data set or use of data for only heavy fission

products (no LOHENGRIN data) results in essentially the same average
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TABLE I

AVERAGE VALUES FOR PARAMETERS FOR U235T

(EON = 1.00 , ̂AZp/aA, = 0.0)

Calculation (No. of data)a AZp az EOZ FITb

EOZ model (146)c (0.50) (0.54) (1.25) 1.5

Modified

EOZ

model

(146)a 0.51+0.01 0.53+0.01 1.28+0.02 1.4

(79)e 0.52+0.01 0.53+_0.01 1.29+0.02 1.7

(48)f 0.50+0.01 0.53+0.01 1.33+0.03 1.6

aData with FI(FC) >0.01 (A = 79-104, 131-144) were used.

J J
N = number of observations.

V = number of parameters varied.

exp. = experimental value.

calc. = calculated value.

error = uncertainty in experimental value.

(If the functions used to calculate values are the correct ones, and there

are many data with statistical variations and errors, FIT should equal one.)

Parameters derived from treatment of individual mass numbers by the EOZ

model as discussed in section 4.

Same data as used for the EOZ model treated by the modified EOZ model in one

calculation.^
e67 values derived only from LOHENGRIN data were not included.

Only data for heavy fission products (A = 131-144) were used.
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values as those obtained from all data or as those derived by treating

mass numbers separately as described in section 4,. Thus, at least on the

average, the LOHENGRIN data are consistent with the radiochemical and

mass spectrometry data, a conclusion consistent with that drawn in

section 2 from direct comparison of 45 individual yields. Ofcourse, in

the more detailed comparison, differences did occur, and a number of

interesting results that were derived from the LOHENGRIN data [lO,llJ

are not reflected in the average values.

The method was also applied to CF252S, for which relatively few

radiochemical data exist, but a number of independent yields had been

determined for even-even fission products from intensities of 2 -»• 0

ground-state gamma transitions 20 . As can be seen in Table II, the

different data sets give average values that are consistent with the

average values for the combined set. It may also be noted that the method

of weighting and selecting data does affect the results to a small extent.

The last entry shows that use of representative values of AZp and aZ

derived for other fission process, as will be discussed, still reveals

no even-odd-proton effect, although most CF252S data are for even-even

nuclei. If for same data, EOZ is fixed at 1.25, the FIT value increases

to 2.0.

The results of calculations for U233T and PU239T, as well as results

of new calculations for U235T after addition of new data [2lJ , are

summarized in Table III. The values given were obtained from a number

of different calculations and represent approximately the median of the

values obtained, and the uncertainties given cover the range of values

obtained and are equal to or larger than the standard deviation obtained

from a single calculation. In one set of calculations only FI and FC values

^0.01 were used,and in another the estimated uncertainty in the model was
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used in deriving the weighting factor as described in section 3. In each

set of calculations 3, 4, or 5 parameters were determined; AZp, az, and

EOZ were always determined, and EON and/or ^AZp/^A, were sometimes

determined. The latter two parameters were always small, and inclusion

or omission of them affected the values of the other parameters very

TABLE II

AVERAGE VALUES FOR PARAMETERS FOR CF252S

(EON = 1.00, dAZp/dA, = 0.0)

Rad.

Rad.

Y(2+

Alla

Allb

Alla

Data used (No.)

Chem.a

Chem.b

+ 0+)a'

,c (34)

,c (38)

'c (34)

(7)

(11)

,C (27)

AZp

0.59+0.07

0.55+0.03

0.48+0.03

0.55+0.03

0.53+0.03

(0.53)d

0.56+0.04

0.57+0.02

0.60+0.02

0.58+0.02

0.59+0.02

(0.54)d

EOZ

0.97+0.10

1.05+0.07

0.93+0.05

1.01+0.04

0.97+0.04

0.93+0.06

FIT

2.5

0.7

1.3

1.6

1.2

1.5

a0nly FI(FC) >0.01 were used.

Weights included the estimated uncertainty in the model, as discussed

near the end of section 3.

cSince experimental uncertainties were not given [20J , estimated

uncertainties of 15 % or more of a value were assigned to the gamma-ray

data. The experimental IN values were divided by appropriate Y(A) values

[3] to obtain FI values for analysis. The experimental values for Sr,
go 130 150

Zr, Te, and Nd, all with reported small IN values, were found to

be smaller by^5 estimated errors than the calculated values in preliminary

calculations and, therefore, were not included in the data set.

Assigned value.
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TABLE III

SUMMARY OF AVERAGE VALUES FOR PARAMETERS FOR U235T, U233T, PU239T and CF252S

, =0.0)

Fission AZp az EOZ EON FIT (No.of data)
process (a) (b)

U235T 0.51+0.01 0.53+0.01 1.26+0.02 1.07+0.02 1.3 (156) 0.8 (191)

U233T 0.51+0.02 0.54+0.03 1.30+0.05 1.07+0.02 2.9 (45) 1.1 (58)

PU239T 0.57+0.03 0.56+0.03 1.07+0.04 1.00+0.03 2.1 (48) 1.3 (5.9)

CF252S 0.54+0.04 0.58+0.02 1.00+0.05 (1.00)c 1.6 (34) 1.2 (38)

a0nly FI(FC) $0.01 were used.

All data were used, and weights included the estimated uncertainty in the

model as discussed near the end of section 3.

cAssumed value.

little. The EON values are given in Table III, and values of dAZp/dA'

were all small and negative (-0.01 to 0.00). Inclusion of small negative

slopes in AZp did not improve the representation of the data appreciably,

so values are not given.

For the several fission processes discussed, the o^ is nearly constant;

a value of 0.54 +_ 0.02 could represent all quite well, except possibly

for CF252S. The AZ^ is somewhat larger for PU239T than for U235T or U233T,

an observation that had been made previously, although based on less data

["4,7,221 . The largest difference in parameter values is for the EOZ

factor, which is close to one for PU239T and CF252S, again an observation
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that had been made previously for PU239T, although based on less data

[4,7,22J . The same conclusion was also suggested earlier because of

differences in the amount of fine structure observed in the fragment mass-

yield curves [23,24J .

7. THE 50-PROTON EFFECT

In the mass number regions (A = 105-107 and A = 129-126), where mass

yields decrease sharply, there is evidence that abrupt changes in the

charge-distribution systematics occur for U235T. Figs. 1 and 2 show a

sharp rise in AZp and a decrease in az near Z = 50, 42,and Fig. 4 shows

an abrupt change in relative yield between Z = 49, 43 and 50, 42, an

increase from^0.1% to 3.7 %9 a factor of >^40.
7

A more quantitative evaluation of the changes in AZp and in aC that

occur was made by treating the data for A = 105-107 (9 yields, 3 each

for 41Nb, 42Mo, and 43Tc isotopes) and for A = 126-129 (4 51Sb yields)

by the method of least squares. If EOZ = 1.30 and EON =1.06 were assumed,

<>AZp/«M' = -0.23 + 0.08 and a^ = 0.40 + 0.03; if EOZ = EON = 1.00 were

assumed, ^ A Z D / ^ A ' = -0.28 + 0.06 and a^ = 0.33 + 0.02. These values may

be compared to ^AZp/^ A'= -0.01 to 0.00 anda z= 0.53 +_ 0.01 for A < 105

and A > 129 derived in section 6. The large negative ^AZp/dA' values

approach that for ^Z(50)/eM' = -0.39, so Zp values remain close to 50,

42 over a range of several mass numbers, presumably due to the stability

of the 50-proton shell. However, as noted in section 5, this treatment

does lead to strange distributions of yields for 43Tc and 4gln fission

products, as is illustrated in Fig. 5.

Although the yields of 43Tc and -gin have not been determined accurately,

there is considerably evidence that the yields from U235T are small [9,10,25s29J.
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The above discussion suggests that a general requirement for high

yields at low excitation energies is that one of the products have 50

or more protons, and this leads to asymmetric mass and charge division

when Zp < 100. Although maximum yields occur for elements with Z > 50

and appear to be associated with the stability of neutron shells [27J ,

the abrupt change from low to high yields occurs at Z = 50 and is most

probably associated with the effect of the stable 50-proton shell on the

fission process.

8. ESTIMATION OF FISSION-PRODUCT YIELDS

Of the models derived and discussed in previous sections the modified

EOZ model, which gave the results discussed in section 6, is probably the

most useful one, at present, for estimation of unmeasured fission-product

yields. The parameters summarized in Table III can be used for the fission

processes listed and giving products with A > 129, or less than the

complementary A.

It should be noted that if either EOZ or EON is not one, a normalization

factor (NF(A), Eq. 1) should be calculated for each A by calculating FI

for each Z and summing. However, the normalization correction is usually

small (<~io % of a value forU235T) and may often be omitted along with

the EON factor in making estimates of FI values, since the uncertainties

introduced are probably no larger than those inherent in the simple model.
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The uncertainty in the estimated yields is at least as large as the

1/3'model error, (ME = O.1/(FI) ' ) discussed in section 3, since an

estimated value should be less certain than values calculated for data

from which the model was derived.

For other system fissioning at low excitation energies, o^ = 0.54

and AZp =0.53 might be used along with whatever estimate of EOZ can

be made, possibly based on the amount of fine structure observed in a

fragment mass-yield curve [24J or on other criteria f28 1 . Of course,

the uncertainties in the estimated yields would be still larger than

those for the systems for which parameters were derived.

Yield estimates for products from near symmetric mass and charge

division would be very uncertain, but if necessary, the dotted lines

for AZp an oy shown in Figs. 1 and 2 might be used. The behaviors of

these functions near Z = 50 were discussed for U235T in section 7; the

rest of the functions towards symmetry (A, = 118) were estimated. The

assumption of UCD near as well as at symmetry for both Zp (Fig. 1) and

Ap (Fig. 3A) was one way to achieve reasonably consistent yield

estimates from calculations based on the two types of models.

- ?40 -



A more natural transition from peak to valley yields is given by the

Ap model. As illustrated in Fig. 6, assumption of Gaussian dispersion

of IN yields for isotopes of elements and use of o^, = 1.5 and Ap values

derived from Fig. 3A give reasonable approximations of experimental Y(A)

values from the sums of calculated IN values.

The nearly constant position of the heavy mass-yield peak for many

fission processes [24] , especially the constant position of the light side

of the peak [_26J , suggest that similar treatments of the transition from

peak to valley yields could be applied to many fission processes other than

U235T. The change in peak-to-valley yield ratios with changing excitation

energy would be associated with changing yields of elements with Z < 50

and Z > ZF - 50, relative to those with values of Z outside this range.

Fig. 6t Mass yields de-
rived from summation of
independent yields from
Ap model. Symbols: o ,
sum of independent yields;
o , experimental mass yields
/l5/; — » • , inde-
pendent yields of isotopes
of elements calculated from
parameters for Ap model
shown in Pigs. 3 and 4.
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Abstract

In this paper, we suggest that data from recent experiments designed

to measure β-strength functions for a large number of short-lived fission

products may also be used to provide average B- and γ-decay energies for

these nuclides as well. The methods employed to do this are given and

the results for the average β-decay energies, (E ) , per decay are presented.

For -10 cases, ( E
o
) values from decay-schemes studies are available. A

comparison of our deduced values with these latter ones is presented and

generally good agreement is found.

1. INTRODUCTION

The libraries of Fission-Product Nuclear Data (see, e.g., [1,2,3])

utilized by "summation-calculation" codes to calculate the fission-product

decay-heat source term incorporate data on large numbers (typically several

hundred) of individual nuclides. For each nuclide, the radioactive-decay

information required include the half-Hfe, decay modes and the average

B- and γ-decay energy ( (E ) and ( E ) ) emitted per decay. At the present

time, a significant fraction of these data (particularly the average-energy

values) results from other than direct experimental determination. The

ENDF/B-IV Fission-Product File [3], for example, contains data for 711

radioactive nuclear species. Of these, -380 represent cases for which the

experimental data are either nonexistent or sufficiently sparse that the

/ E
o
> and( E \ values cannot be obtained directly. These nuclides are

> p ' ^ γ *
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generally those with short half-lives, which, because of the attendant

experimental difficulties, have remained relatively unstudied. Moreover,

they make the bulk of their contribution to the decay heat source term at

relatively short times (~10
1
-10

3
sec), which is the region of importance for

the assessment of the effects of loss-of-coolant accidents (LOCA). Different

fission-product data libraries employ different methods to estimate values

for these unmeasured quantities.

It is clearly desirable to have these average-energy values deter-

mined from experimental measurements wherever possible. In this context,

we wish to call attention to the existence of recent experiments [4,5]

designed to measure β-strength functions for a large number (-70) of short-

lived fission-product nuclides. The bulk of these nuclides presently have

no measurement:-based average-energy values. In this paper we show that

information produced from these experiments may provide a means of deducing

"experimental" ( E
g
) and (E ) values for these nuclides. It is also suggested

that this information may make it possible, through extrapolation, to obtain

improved estimates of (E ) and(E ) values for a wider range of presently

unstudied fission products.

2. GENERAL CONSIDERATIONS

The experimental techniques and the methods of data analysis

employed to obtain the 3-strength functions for the decay of fission-product

nuclides has been described in detail elsewhere [4,5]. For purposes of this

discussion, we will define only the pertinent quantities involved. A

schematic decay scheme for a nuclide with relatively large Q value is shown

in Figure 1. The energy available for the decay is Q_. The β-decay branching
P

intensity to an energy interval, dE, centered at an excitation energy, E, in

the daughter nucleus is defined as b(E)dE. At excitation energies of the

order of a few MeV, this energy interval generally contains a relatively

large number of discrete energy levels. The quantity of interest for

nuclear structure, in this case, is the β-strength function, S
O
(E), which
p
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is defined by the relation [4,5,6]

b(E)
S

B
(E) -

f(Z,Q-E)-T
1/2

where T
1 / 2

 is the parent-nucleus β-decay half-life and f(Z,Q-E) is the

integrated rate function (or Fermi function).

From the experiment, values are deduced for the quantity b(E)dE

as a function of E. For experimental reasons, b(E)dE cannot be measured

below a certain energy, E . For the experimental conditions of Ref. [5]

(from which the data presented below were taken), E -305 keV and

dE -142 keV. It should be noted that these measurements give absolute

values for b(E)dE, not just relative ones.

3. ANALYTICAL PROCEDURES AND RESULTS

Our interest here centers on the 3-feeding intensities, b(E.)dE,

since they can be used to infer ( E ) (and hence (E ) ) values. These

3-decay branching data are not explicitly given in [5]. However, they have

been supplied to us by Dr. K. Aleklett.

3.1. Procedure for estimating the {Eβ) values

By analogy with the more customary situation in which the energies and

intensities of the discrete 3-decay branches are known from decay-scheme

studies (see, e.g., [3]), we can calculate an average 3 energy, {E
o
> ,

corresponding to the fraction, a, of the 3 intensity to levels above E ,

using the relation

<
E
B>a " £ E

ei
 I

e1
 M V • 0)
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where

E . = Q -E. is the end-point energy of the i — β-decay branch,

I . = b(E.)dE is the intensity (expressed as a fraction per decay)

of the i — β-decay branch,

and f.(E
o
.) gives that fraction of the available energy (Q

fi
-E.) which is,

i pi p i

on the average, carried by the 3 radiation.

Similarly, the average neutrino energy, ( E
v
)

a
, corresponding to these

transitions is given by the expression

<
E
v>a * 4 - Si hi

 [1
 "

 f
1

( E
Bi

) ]
-
 (2)

The f.(E .) values were calculated using a computer program described in

[7]. In the present work, we have assumed that all the 8 transitions have

an allowed shape. In the absence of direct experimental evidence to the

contrary, it is generally assumed (see, e.g., [3]) that allowed and first-

forbidden nonunique $ transitions have allowed shape factors (and, hence,

f. values); and this assumption is not believed to introduce any appreciable

error into the results.

To obtain values for(E ) , account must be taken of that fraction,

I-α, of the β-decay intensity which proceeds to daughter-nucleus levels

below E . To do this, we have considered three different situations, which

cover the range of possible distributions of this remaining β intensity.

These situations are as follows:

(1) the remaining fraction (I-α) goes directly to the

ground state;

(2) this fraction goes to an assumed state halfway

between the ground state and E ;

(3) this fraction is split equally among four states

(including the ground state) assumed equally spaced

in the region below E .

The resulting average-energy values, ( E
o
\ , , can then be combined with

» p/ I-α

the(E ) value to yield an overall (E ) value consistent with each of

- 248 -



these three cases. The(E ) values calculated according to situation

(3) above lie between those calculated according to situations (1) and

(2). Consequently, in the absence of other information regarding the

distribution of this intensity, the(E ) values given below have been

calculated assuming the applicability of this third situation.

3.2. Results of the(E
e
) calculations

The results of the(E ) calculations for those fission-product

nuclides studied in [5], together with other pertinent information, are

summarized in Table I. In several cases, two entries are given for an

individual nuclide. These nuclides are delayed-neutron precursors (for

which Q
o
 is greater than the neutron separation energy, Sn, in the daughter
P

nucleus, as illustrated in Figure 1); the two entries correspond to β-feeding

distributions deduced [5] without consideration of the effect of delayed-

neutron emission and with account taken of this effect using the listed

delayed-neutron branching (P ). For these latter cases (P ^0), all the neutron

decay was assumed to populate only the ground state of the daughter nucleus

The^E ) values in column 5 of Table I represent the calculated

contribution to the total average e energy due to feeding of levels above

E
Q
. As discussed above, three different situations have been considered

concerning how the remaining fraction (I-α) of the & intensity is assumed

to be distributed over the levels below E in the daughter nucleus. To

illustrate the sensitivity of the derived ( E ) value to this choice we consider

as a representative case the nuclide
 m
A g , for which only -31% of the p

,
 decay

proceeds to levels above E . We find for this case the following values

of < E
3
) calculated for these three situations: (1) 2061 keV; (2) 2011 keV;

and (3) 2023 keV. Even for this relatively extreme case, the range of (E )

values is rather small. We have found, quite generally, that the uncertainty

introduced into the ( E
o
) values from the problems associated with the unknown

distribution of the (I-α) fraction of the e intensity is smaller than that

due to other sources of error. As stated in Sect. 3.1. above, in cases

where this distribution is unknown, the (E ) values given in Table I are
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those calculated according to situation (3). In cases where the J* values

are such that ground-state 3 transitions are unlikely, and where levels

below E are expected to occur, the listed(E ) value is that calculated

according to the second situation. The( E
g
) value based on the first

situation was chosen for the decay of odd-odd nuclei where spin considera-

tions indicated that ground-state $ transitions could occur.

It is difficult at present to provide a realistic assessment of

the uncertainties to be associated with the(E
g
) values listed in column 6

of Table I. The uncertainties associated with these values have been

estimated from a consideration of only two possible sources of error:

(1) that associated with the distribution of the fraction (I-α) of the 8

intensity; and (2) possible errors in the value of a itself. This first

source has been treated by direct calculation, as indicated above. No

estimate of the magnitude of possible errors in the a values is given in

[5], In order to provide some estimate of the influence of errors in a on

the derived^ E ) values, we have assigned, somewhat arbitrarily, an uncertainty

of 10% to each of the listed a values. This seems to represent a reasonable

estimate. Values of a greater than unity are, by definition, not possible.

Of the α-values given in Table I, only 5 (excluding those of some delayed

neutron precursors) are greater than unity and, of these, only two (for

which o -1.2) are significantly larger than 1.1. In calculating the overall

uncertainty in(E ) , the error propagation took explicit account of the

fact that^E ) and(E ) , are constrained by the requirement that the

total B-decay intensity is unity (or, for delayed-neutron emission, is 1-P
n
)»

No contribution from the uncertainty in the Q
g
 values is included in the

( E ) uncertainties in Table I.

3.3. Comparison of calculated and previously measured (Eβ) values

Among the nuclides listed in Table I, there are several whose

average-energy values have also been determined from the discrete β-decay

data from decay-scheme studies. A comparison of the(E ) values from these

data with those deduced above from the β-feeding data is summarized in

Table II. The experimental (E
O
lvalues in Table II are taken from the
P
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decay-scheme data as given in the Fission-Product File currently being

prepared for Version V of ENDF/B [3,8]. Since the Q
g
 values given in [5]

differ in some cases from those in ENDF/B, it has been necessary to change

one or the other of them in order to effect a meaningful comparison. By

way of further illustration, a comparison of the β-feeding data of Ref. [5]

with the experimental β intensities is given for three cases in Figure 2.

In Figure 2, the shaded area gives, as a histogram, the β-feeding data while

the β intensities obtained from decay-scheme studies are shown Dy the heavy

vertical lines.

In general, as inspection of Table II indicates, the agreement between

the two sets of ( E ) values is quite good, particularly for those nuclides

situated in the heavy-mass peak of the fission-yield distribution. The

nuclide,
 l l t 0

Cs, appears to represent an exception, but here there is considerable

uncertainty in the intensities of the β branches to the ground and first

excited states of the daughter nuclide,
 ltf0

Ba. (In ENDF/B-V the sum of these

two β-transition intensities is -30%, while some data exist which indicate

that this sum may be £40%. Use of this latter value would significantly

reduce the difference in the two{ E )values.) Consequently,
 lt+0

Cs may not

represent a really good test case. The
 7 6

Ga decay leads to doubly even
7 6
Ge. For this relatively light-mass daughter, the first excited-state

energy is fairly high (-563 keV) and the level density up to excitation

energies of -5-6 MeV is low. Consequently, the assumptions underlying the

data-analysis procedures of Ref. [5], namely that the y decay of the levels

excited following $ decay can be treated statistically, may not be valid.

Even in this case, however, the difference in the two(E ) values is only

about 240 keV (-14%).

The thrust of the discussion thus far has been only the evaluation

of the{ E ) values, since our interest has centered on the validity of the

idea that the β-strength function experiments can serve as a reliable source

of average-energy data for otherwise unstudied short-lived fission products.

The^E )values are the important ones from this point of view, since the

( E ) values can then be inferred from the relation
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" <Ev>

with the(E v) values being determined from the sarqe b(E)dE data as the
( E ) values (see Eqs. (1) and (2)).

4. CONCLUSIONS

In this report, we have called attention to the existence of
experimental studies [4,5] of the 3-strength functions of a number of short-
lived fission-product nuclides and have suggested that data from these
experiments may make it possible to provide experimentally based estimates
of the(E )(and hence (E )) values for these nuclides, many of which have
not at present been studied by any other means. For those cases where the

(E lvalues calculated as described above can be compared with corresponding
values from decay-scheme studies, the agreement between the two sets of
values is reasonably good. This seems particularly to be the case for the
heavier-mass fission products, where the level densities in the daughter
nuclides are sufficiently high that the statistical assumptions made [5]
in the data analysis to yield the e-feeding distributions are more likely
to be justified.

It appears to us that the data of Ref. [5] can be used to provide
realistic (E \and(E ) values for a number of short-lived fission products
for which at present only theoretically estimated values are available.
As such, they can serve to extend the range of nuclides on the various fission-
product libraries for which "experimental" average-energy values are available.
Of further interest is the possibility that these data, in some form (such
as, e.g., the average beta feeding function [5]) may provide a basis for
extrapolation to other unmeasured cases and, hence, to provide a means of
generating a set of (E )and(E ) data that are more closely linked to
experimental measurements than is presently the case. Additional effort is
required in order to determine if, or to what extent, such an extrapolation
procedure can be defined that will lead to actual improvement in these
values.
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TABLE I

Nuclide

Summary of the average β-energy values calculated from the $-strength-function related
measurements given in [ 5 ] . The quantities in parentheses represent the uncertainties
in the least significant figure (or figures) of the associated value. For further
discussion, see the text.

T 1 / 2 ( s e c ) QjkeV) < E S > «
(keV)

< E 3 >
(keV)

Comments

7 6 Zn

7 7 Z n

7 7 G a

en
7 9 G a

so Ga

8 2 A s

8 3
As

8 5
Se

85
B r

8 6 B r

8 7 B r

5.70

1.40

27.6

13.2

5.09

3.00

1.70

2.20

19.1

13.4

16.3

5.50

19.0

175.0

55.7

55.8

0.87

1.07

0.78

0.47

0.82

0.43

0.90

0.56

0.30

0.44

1.22

0.77

0.18

0.08

0.87

0.70

4760

6000

6100

4700

8010

6800

9440

7443

4300

5575

7083

5086

5921

2800

8000

7060

1525

1493

1242

701

1785

856

1709

1175

409

894

2311

1145

351

51

1748

963

1787(16)

1493(149)

1837(61)

1784(18)

2442(85)

2601(33)

2144(155)

2659(50)

1689(10)

2273(13)

2311(231)

1685(40)

2503(9)

1084(3)

2216(98)

1914(89)

r = 0 +(3~); several f inal levels <E,

AJ7r=(3")-*O+; "NDS" I o =0, no levels <E,

•NDS" Z-assignment uncertain

AJ7r=(high ?

"NDS" gives two isomers with T-j/2=21 s and 13
s. Strong I^ for 21 s activ ity.

"NDS,, Ti/2=14.1 (1.1) s

r l / 2 :

I_ =0, no final levels< E^
p 0

o

Pn assumed zero



Table I (continued)

8 7 B r

en

" B r

ii

" K Γ

9 0
 KΓ

9 1 Kr

9 2 Kr

9 0 Rb

9 1 Rb

9 2Rb

9 3 Rb

1 1 6 A g

H 7 A g

55.8

16.5

16.5

3.60

3.60

281.0

32.2

8.70

1.84

186.8

58.2

4.50

5.81

5.81

2.72

2.72

4.35

153.0

8.60

5.30

0.71

1.07

1.12

0.81

0.90

0.96

0.68

0.76

0.21

1.20

0.76

0.15

0.58

0.59

0.94

1.06

0.31

0.37

0.49

0.53

7060

8980

8980

8040

8040

5000

4350

6120

5970

6870

5680

7580

7230

7230

9450

9450

5000

5330

5410

4180

951

2603

2626

2184

2261

1360

902

1090

379

2569

967

334

1155

1164

2881

2964

545

256

480

784

1870(92)

2603(260)

2626(263)

2877(54)

2625(72)

1447(51)

1498(26)

1742(69)

2468(12)

2569(257)

1567(66)

3215(12)

2519(51)

2495(53)

3140(83)

2964(296)

2023(8)

1705(42)

1672(47)

1607(10)

Pp=0.024, Sn=5510

"
,
"; "NDS" I. = 5.5% from systematics;

P
n
 assumed zero

P
n
= 0.05, S

p
 = 7150

P assumed zero

P
n
 = 0.089, S

n
 = 5220

AJ
7r
=(5/2

+
)-^(3/2,5/2"); "NDS" l

Q
 =14%

Daughter isomer fed on B- decay

"NDS
,,
 measured I

Q
 = 94%

3
-20

P assumed zero

P
n
 = 0.0163, S

n
 = 5140

P assumed zero

P
n
 = 0.111, S

n
 = 7170

"NDS
,,
 I

e
 > 75%



1- 
256 

-

Table I

H7Ag

n8Ag

ii^Ag

i2°Ag

120In

*21In

122In

123In

123In

""In

i^In

125In

126 I n

i2?In

128 I n

i29ln

132 S b

I3^sb

135je

136 J

(continued)

72.7

3.70

2.10

1.17

3.08

23.1

9.20

6.01

48.0

3.17

2.33

12.2

1.53

3.10

0.80

0.80

185.0

10.7

19.2

83.0

0.46

0.72

0.92

0.41

0.25

1.08

0.68

0.67

0.60

0.86

0.62

0.21

1.00

0.43

0.91

0.36

0.52

0.56

0.75

0.54

4180

7230

5365

8342

5600

3400

6700

4500

4820

7140

5420

5420

8151

6372

8919

7310

5600

8300

6200

6590

348

1353

1597

978

434

1045

1511

1022

762

1837

1057

292

2598

805

2679

698

599

1404

1642

1040

1295(32)

2250(67)

1782(38)

3178(39)

2249(12)

1045(104)

2453(35)

1640(16)

1582(33)

2274(60)

1935(26)

2116(14)

2598(260)

2393(28)

3038(67)

2765(33)

1757(46)

3025(47)

2291(22)

2360(36)

"NDS" assumes I o = 15%
P

A j ' - l W " ; "NDS" I = 80.6%

AJ7r=9/2++3/2" & (11/2" @ 8keV)

11/2"

"NDS,, T 1 / 2 = 3.7 s (?)

AJ7r=(4+)+O+; no f inal levels <E,

Recent data show I = 0, no f inal levels<E/



Table I (continued)

1 3 7 X 24.6 0.32 6200 497 2324(26) A / = ( 7 / 2 + ) ^ 7 / 2 ~ ; PR assumed zero

139 j

139X e

ro
en

24.6

2.60

2.60

230.0

40.4

13.7

1.72

562.0

64.0

25.2

1.70

1.70

1.65

1.65

13.6

10.7

4.80

40.3

29.3

0.35

0.43

0.52

0.46

0.91

0.74

0.42

0.18

0.56

0.99

0.38

0.38

0.70

0.71

0.71

0.97

0.76

0.87

0.81

6200

6500

6500

4348

4570

4060

6000

4440

5800

4980

6890

6890

5730

5730

4000

3200

4950

5500

4130

506

845

849

741

1356

824

685

212

896

996

651

652

1073

1078

756

987

1030

1036

700

2252(31)

2456(26)

2206(44)

1718(7)

1529(27)

1259(29)

2186(28)

1729(9)

1991(35)

1017(77)

2511(35)

2511(35)

1810(46)

1790(47)

1232(29)

1025(17)

1531(39)

1340(71)

1023(48)

P = 0.055,

P assumedn

P n - 0 . 1 4 .

levels <E
"ENDF/B" TB

"ENDF/B" I 3

<Eo

P assumedn

Pn = 0.0021

P assumedn

Pn = 0.0113

Sn

zero

Sn =

•7 /2+

0

=

zero

• S n

zero

>Sn

= 3860

3630

; "ENDF

24(6)%

10.7(3.

= 6200

= 4090

So



TABLE II

Comparison of our calculated average β-energy values with those obtained from
decay scheme studies. The Qβ-value adjustments necessary to complete the
comparison are also listed. The quantities in parentheses represent the
uncertainties in the least significant figure (or figures) of the associated
value. For further discussion, see the text.

Nuclide

?
6Ga

86
B r

89
K r

90
K r

9 1
Kr

9
*Rb

9 2
Rb

1 3 7
Xe

139
Xe

1 3 9
Cs

m o
C s

T
1 / 2

(sec)

27.6

55.7

281.0

32.2

8.70

58.2

4.50

230.0

40.4

562.0

64.0

a

0.78

0.87

0.96

0.68

0.76

0.76

0.15

0.46

0.91

0.18

0.56

(3"H
+

(2"M)
+

(5/2
+
)-(3/2,

5/2")

oMn

?+(5/2
+
)

7/2%7/2
+

(7/2, 9/2)-
(7/2)"

?->0
+

Reference

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

THIS
ENDF

WORK

WORK

WORK

WORK

WORK

WORK

WORK

WORK

WORK

WORK

WORK

Q(keV)

6100
6100

8000
8000(438)

4930
4930(60)

4390
4390(30)

6120
6120(70)

5680
5680(40)

7580
7700(250)

4348
4347(24)

4880
4880(60)

4290
4290(70)

6050
6050(250)

<
E
B>

1837(61)
1601(10)

2227(102)
2090

1414(48)
1346(16)

1517(26)
1316(4)

1742(69)
1941(15)

1567(66)
1462(26)

3215(12)
3446

1718(7)
1722

1671(28)
1715(9)

1660(9)
1696(16)

2106(35)
1696(17)
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Figure 1, Schematic decay scheme
illustrating the quantities
discussed in the text.

(Z. A)
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0 E o 1o 1 2 3 4 5 6Qg 7
Excitation Energy, E(MeV)

Fig. 2a) 76Ga

Excitation Energy, E(MeV)

Fig. 2c) 1 3 9 Cs

Excitation Energy, E(MeV)

Fig. 2b)
 9 1

Rb

Figure 2. Comparison of the 3-intensity distributions deduced
from the experimental β-strength function measurements
[5] with those from decay-scheme studies for the decay
of a)

 7 6
Ga, b)

 9 1
Rb and c)

 1 3 9
Cs.
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GAMMA RAY EMISSION PROBABILITIES AND HALF LIVES OF SELECTED

FISSION PRODUCTS

K. Debertin, U. Schotzig, K.F. Walz

Physikalisch-Technische Bundesanstalt

D-33OO Braunschweig

Abstract: Gamma-ray emission probabilities per decay (also called

absolute γ-ray intensities) were determined for the most abundant

lines of
 1 0 3

Ru,
 1 3 2

T e ,
 1 3 l |

Cs,
 l 4 0

B a and
 l l | 0

La. Half-lives were

measured for
 1 0 3

R u ,
 1 0 6

R u ,
 1 3 1

I , ̂ T e , ^°Ba and
 l i | 0

La.

1. Gamma-ray emission probabilities

In contributions to the "First Panel on Fission Product Nuclear

Data" in Bologna /!/ and to the INDC (NDS)-series on "Progress in

Fission Product Nuclear Data" /2/, we described our program and

method for the accurate determination of γ-ray emission probabilities

Ijper decay. The main emphasis of this program is on fission pro-

1 Ilk 1 illi 1 Cif) Q ^

ducts. Results for Ce, Pr,
 l u u

Rh and ^ Z r were already published

/3/, those for Ba and La were submitted for publication M / . New

results are presented in this contribution for ^Ru, Te and ^ Cs.

In Table I we have summarized the values for I^hitherto obtained

by our group. For comparison purposes we have also listed values

taken from American and French data files. In the following we give

some comments on such data which are frequently used in various

application fields, but which have been rather uncertain up to now.

For Iy(^96) values between 86. *J % and 90 % have been reported.

Helmer and Greenwood recommend in their evaluation /7/ I
y
= (89 + 3)

Only relative γ-ray emission probabilities I were measured in the

the past. In order to arrive at values for I ^ assumptions on the

decay scheme and in particular on the abundance of the B~-decay

- 261 -



branch to the 56 min isomeric state of ^Rh have to be made. Our

method
 +
 ' does not depend on this information.

1 0 6
Rh

S.T.Hsue et al./8/ report a value 1,(512) = (l8.8 + 1.4) % which is

derived from relative measurements of I
 an(

i from an assumption on
1 C\f\

the abundance of the B~ decay branch to the ground state of Rh.

These authors suspect that in all other relevant papers a contri-

bution of annihilation radiation to the 512 keV peak has been under-

estimated. They infer from a very questionable double peak evaluation

an annihilation contribution of about 5 % which is subtracted from

the total peak area. Annihilation radiation is present in the back-

ground and can originate from higher energy γ-rays of Rh inter-

acting in the surroundings of the detector. We can hardly imagine

that measuring conditions are so badly chosen that the annihilation

contribution is larger than 1 %. In our measurements this contri-

bution was far less than 1 % which was assured by separate measure-

ments of the background and of the 511 keV peak observed in spectra
00 pji

of other radionuclides emiiting high energy γ-rays ( Y, Na) .

Helmer and Greenwood 111 recommend 1^(228) = (88.5 + 6.0) % while
0 —

the Oak Ridge Nuclear Data Group /5/ quotes (88.20 +_ 0,20) % with a

surprisingly low uncertainty.

140- .140.
Ba/ La

The value 1(537) = 20 % given in the Nuclear Data Sheets /9/ is

certainly wrong. In two recent publications, values of (25.7 +_ 0.6) %

/10/ and (23.57 +. 0.54) % /ll/ are reported. The results for
 -1
 La

in references /10/ and /ll/ differ by 12 % to 16 % for the strong

lines at 329 keV, 487 keV and 816 keV though uncertainties of 2 %

to 3 % are claimed by both authors.

' Determination of the Ru activity by ^B-γ coincidence measure-
ments v/ith application of the extrapolation method; accuracy
+ 0.3 % at the 68 % confidence level.
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Our result for 1(696) already published in 1971* is by about 10 %

lower than that recommended in references /5/ and /7/. Recent

measurements at the LMRI /12/, however, support our value.

2. Half-lives

Half-lives of 103Ru, 106Ru, 1 3 1I, lZ|0Ba and ^°La were de-

termined by following the radioactive decay with an open air ionisation

chamber and a high pressure argon filled chamber. In addition,

Ge(Li) measurements were carried out for * I, * Te and Ba. The

results are given in Table II.
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Table I. Gamma-ray emission probabilities I per decay.

N u c l i d e

9 5 Z r

1 0 3 R u

l 0 6 R h

J 3 2 T e

1 3 i 4 C s

1 U ° B a

Eγ
i n keV

2 3 4 . 7 0

7 2 4 . 2 3

7 5 6 . 7 4

4 9 7 . 0 8

5 5 7 . 0 4

6 1 0 . 3 3

5 1 2

6 1 6

6 2 2

8 7 3

1 0 5 0

1128

1 562

2 2 8 . 1 6

4 7 5 . 3 5

5 6 3 . 2 2 7

5 6 9 . 3 1 5

6 0 4 . 6 9 9

7 9 5 . 8 4 5

8 0 1 . 9 3 2

1 0 3 8 . 5 7

1 1 6 7 . 9 4

1 3 6 5 . 1 5

1 6 2 . 6 4

3 0 4 . 8 3

4 2 3 . 8 1

4 3 7 . 6 0

5 3 7 . 3 2

t h i s

0 . 2 9 2

4 4 . 0

5 4 . 3

9 0 . 9

0 . 8 4 1

5 . 6 5

2 0 . 4 7

0 . 7 3 5

9 . 9 5

0 . 4 2 1

1 . 4 5 2

0 . 3 7 6

0 . 148

8 8 . 5

1 . 51

8 . 3 4

1 5 . 3 8

97 . 6

8 5 . 3

8.64

0. 998

1. 800

3.02

6. 21

4 . 3 0

3 . 15

1.93

2 4 . 3 9

I

work

- 0 . 0 1 5

- 0 . 5

- 0 . 5

- 0 .7

- 0 . 0 1 2

- 0 . 0 7

- 0 . 2 3

- 0 . 0 1 3

- 0 . 0 8

- 0 .007

- 0 . 0 1 3

- 0 . 0 0 6

- 0 . 0 0 2

- 1.3

- 0 . 0 3

- 0. 12

- 0. 22

- 0 . 1

- 0 . 9

- 0 . 1 2

- 0 . 0 1 3

- 0 . 0 2 0

- 0 . 0 3

- 0 . 0 8

- 0 . 0 5

- 0 . 0 4

- 0 . 0 4

- 0 . 22

Y
i n %

Ref.

-

4 4 .

5 4 .

8 6 . 4

0 . 7 6

5 . 3

2 0 .

0 .

9 .

0 .

1 .

0 .

0 .

8 8 . 20

1.46

8. 38

1 5 . 4 3

97 .6

8 5 . 4

8.73

1.000

1. 80

3.04

/ 5

4

6

- 0

- 0

6

7 0 0

8 0 6

4 1 6

4 6 3

3 8 5

1 4 6

- 0

- 0

- 0

- 0

- 0

- 0

- 0

- 0

- 0

- 0

. 4

. 0 3

. 3

. 2 0

. 0 4

. 0 5

. 11

. 3

. 4

. 0 4

.010

. 0 3

. 0 4

Ref. /6

0. 25

44 .4

54 .6

8 9 . 3 5 -

0 . 8 0 0

5.720

2 0 . 6 -

0 . 7 0 0

9. 806

0 . 4 1 6

1.463

8 8 . 0

1.49 ±

8 . 4 0 -

1 5 . 0 0 -

9 7 . 5 4 ±

8 5 . 1 3 ±

8 . B0-

1 . 0 2 ±

1 . 8 8 ±

3 . 20±

6 . 1 5

4 . 10

3.20

2 . 0 0

24 .0

0.5

- 0.04

±0.1

2 . 0

0.08

0 . 4

0 . 7

0 . 1

0 . 8

0 . 6

0.05

0.07

0 . 2
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Table I (cont. )

Nuclide in keV
this work Ref. Ref. /6

La

144
Ce

PΓ

241.97

266.55

328.77

432.53

487.03

751.83

815.85

867.87

919.63

925.24

9 51.4

1596.49

2348. 1

2521.7

133.53

696.49

1489.15

2185.70

0. 473

0.452

20.74

2.99

45.94

4.41

23.64

5. 59

2.68

7.05

0. 539

95.40

0. 846

3.43

- 0.02 8

- 0.025

- 0. 18

- 0.04

- 0.38

- 0.04

-0.17

- 0.05

- 0.03

- 0.08

- 0.019

- 0.0 8

- 0.017

-0.08

11.09 - 0.16

1.342 - 0.014

0.279 — 0.003

0.700 - 0.010

10.8 - 0 . 7

1.48 — 0.06

0.300 - 0.016

0.77 - 0.05

0.48 - 0.05

0.52 - 0.05

19. 5 +. 0.8

2.86 ± 0.11

45.3 ± 1.9

4.17 ± 0.19

22.7 £ 0.7

5.3 + 0.2

2.86 ± 0.14

7.10^ 0.3

0.51 i 0.04

95.33^ 0.16

0.83 ± 0.04

3.46 i 0.14

11.10
a )
+ 0.5

j: 0.01

0.70
a
)+ 0.08

a)
based on our results
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Table I I . Half-lives T 1/2

Nu

1

1

1

1

1

1

elide

03_Ru

0 6 oRu

31

3 2 T e

^ Ba

40TLa

(

( 3

(

(

3 9 .

7 1 .

( 8 .

7 6 .

1 2 .

4 0 .

this

2 7 6

63

0 2

9

7 4 6

2 7 2

work

- 0 .

- 0 .

- 0 .

- 0 .

- 0 .

- 0 .

009)d

17 )d

01)d

3 )h

010)d

007)h

T l / 2

( 3 9

( 8

( 7 8

Ref

. 3 5

. 0 4

. 2

. / • > /

- 0 .

- 0 .

- 0 .

05)d

01)d

8 ) h

Ref.

3 9 .

3 6 9 .

8 .

77 .

1 2 .

4 0 .

/

3 5

0

0 4

8

7 9

20

6 /

d

d

d

h

d

h
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DELAYED-NEUTRON SPECTROSCOPY WITH \ e IONIZATION CHAMBERS
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I n s t i t u t fiir Kernchemie, Universi ta ' t Mainz, D-65 Mainz, Germany

ABSTRACT

The characteristics of ^He ionization chambers have been

examined. The detector response function is given in the energy-

range o.ol9 - 2.77 MeV. A considerably improved energy resolution

has been achieved by minimizing effects due to pulse summing, to

detection of scattered neutrons, and microphonics, and is most

evident in the low energy part of the spectra. The influences to.

the spectrum shape and the deduced average neutron energies for

spectra from individual precursors and equilibrium and time-

dependent spectra are discussed.

1. INTRODUCTION

Substantial improvement in fast neutron spectrometers has

been achieved a few years ago by Shalev and Cuttler [1,2] who

developed a high pressure % e ionization chamber. Though detectors

of this design have become available commercially, delayed-

neutron spectroscopy is not yet a straightforward technique and

the properties of these detectors must be well understood. In

this contribution to RP 13 some details on these characteristics

are given with the emphasis on the spectroscopy of neutrons in

the o.ol - 2 MeV energy region.

2. ENERGY CALIBRATION AND RESPONSE FUNCTION

The spectrometers used in this study were cylindrical gridded

% e ionization chambers with guard tubes to reduce fringing

fields. Neutrons are detected through the reaction

3He + n »• p + 3H + 763.8 keV.
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Details on the description of the spectrometers and the elec-

tronic system used for high-resolution delayed-neutron spectro-

scopy can be found in Ref. [3].

The absolute energy calibration of the ^He spectrometers

and their response function to monoenergetic neutrons was
7 7

obtained using neutrons from the Li(p,n) Be reaction produced

with Van de Graaff accelerators. An accuracy of about o.l% of

the incident neutron energy was achieved.

The response function of the % e spectrometers is shown in

Figure 1 for some examples. Scattered neutrons from the detector

and the surrounding material and wall effects give a continuous

pulse distribution between the fast and thermal neutron peak.

In addition, recoil effects in the elastic scattering of neutrons
•5

with protons and He nuclei appear beyond the thermal peak

for neutron energies larger than approximately l.o MeV. The

total response function was found to be extremely sensitive

to the experimental conditions giving rise to large variations

in the peak-to-plateau ratios.

3* SPECTRAL EFFECTS

The major difficulties with He spectrometers which have an

impact on neutron spectroscopy are:

a) wall effects resulting from incomplete energy loss of one

or both reaction products within the active counter volume,

b) recoil effects from elastic scattering of neutrons with ^B.e

and proton nuclei,

c) spread in pulse rise time due to location and orientation

of the reaction product tracks relative to the central wire,

d) γ-ray sensitivity; γ-rays interact with the spectrometer

walls and the counter gas giving rise to pulses smaller than

the thermal neutron peak, but high γ-ray input rates cause

spectrum distortion due to neutron^ pile-up,

e) acoustic effects, which have a similar influence as γ-ray

pile-up and may lead to spurious pulses in the neutron spectrum.

3.1 Microphonics

The thin, long anode wire in the electric field of the charge

collecting voltage of the spectrometer is very sensitive to
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vibrations. Effects from acoustic noise were studied with

sounds of various frequencies from a sound generator. Figure 2

shows a series of pulser peaks obtained without and with the

influence of sound waves of 11.4 kHz of increasing sinus-to-

noise amplitude ratios. In addition to a considerable broaden-

ing of the peak already observed at low signal-to-noise ratio,

pulses of random amplitudes appear at higher ratios lying

beyond and below the original peak. In practice these effects

have been observed during experiments, even though the noise

level in that particular case was lower than the noise level

usually occurring at reactor installations.

3.2 Neutron scattering

Distortion of neutron spectra due to room scattering and

scattering from the experimental set-up and the counting sample

itself is an important effect which cannot be suppressed but

only minimized. To investigate this effect, the known delayed-
-I ry

neutron spectrum of N [4] was measured under conditions

particularly favourable to detection of scattered neutrons.

From Figure 3 it is evident that the main intensity of the

scattered neutrons is found in the thermal neutron peak region,

exponentially decreasing with increasing energy. For our normal

experimental conditions (Fig.3, spectrum (a)), the amount of

scattered neutrons with E n ^ 4o keV is less than 7%. However,

strong spectral distortion is observed under conditions favour-

ing neutron scattering (Fig.3, spectrum (b)): The intensity

of the thermal neutron peak is increased by a factor of 5o,

and neutron scattering also extends in energy to E o^1.1 MeV.

4. EFFICIENCY MEASUREMENTS

Data on the efficiency of the He spectrometers were obtained
7 7

with monoenergetic neutrons from the 'Li(p,n) Be reaction and

were normalized to an absolutely calibrated long counter [3].

The data in the energy range 19 keV to 2.77 MeV are shown in

Figure 4 along with the ^He(n,p)^H cross section. Including
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uncertainties in corrections applied for the magnet calibration

data of the Van de Graaff, degradation of proton energy in the

LiF target used, and the absolute efficiency of the BF, long

counter, our efficiency measurements should be accurate to

about 5%.

5. ANALYSIS OF THE PULSE HEIGHT DISTRIBUTION

The method for spectral analysis developed by Greenberger

and Shalev [5] uses a set of premeasured detector response

functions for monoenergetic neutrons to fit the entire spectrum

in a least squares approach. Since the response function showed

to be extremely sensitive to the experimental conditions which

was disregarded in Shalev
,
s analysis we chose another method:

In order to avoid introducing systematic or statistical errors

into the spectrum analysis that may be caused by the different

corrections of thermal neutron peak, γ-ray pile-up and response

function, the experimental spectra were analyzed independently

for peak area and centroid using two different codes [3]. With

these results, the detector response function was adapted to

the experimental conditions by varying the peak-to-plateau

ratio. The total plateau distribution obtained in this way

(usually containing between 5 and 2o% of the spectrum intensity)

is then subtracted from the pulse height spectrum, after its

correction for thermal neutrons and γ-ray pile-up determined

independently. The residual spectrum is then corrected for

efficiency.

6. APPLICATION TO DELAYED-NEUTRON MEASUREMENTS

Up to now, a total of 17 high-resolution delayed-neutron

spectra of individual precursors has been measured by the Mainz-

group (
85
As,

 8 7
Br,

 9 3
"

9 7
Rb,

 1 3 5
Sb, ^ T β , ^ " ^ I ,

 l A l
"

l 4 6
C s ) .

In comparison with the spectra reported by Shalev and Rudstam [6]

our data exhibit improved resolution by about a factor of two

and we have been able to extend measurements over the entire
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energy range from the thermal neutron peak to (Qg- ̂ n)«

data also show considerably more intensity associated with the

peak structure which can be traced to the near absence of

scattered neutrons in our measurements and the relatively

small corrections required to account for the detector response

function.

As an example, Figure 5 shows the pulse height distribution

from 'Br decay obtained directly by accumulating data from

28o sources along with the final spectrum after correction for

thermal neutrons and detector efficiency. The neutron intensity

contained in the response function distribution was determined

to some 4% of the total spectrum intensity. In comparing our

spectrum with that of Shalev and Rudstam [7] fairly good agree-

ment is found for line energies and relative intensities in

the energy range above loo keV but our absolute intensities

are typically a factor of two smaller [8]. Part of this dis-

crepancy may lie in the rather large percentage (̂ 35%) of the

total intensity that lies below loo keV which was not resolved

from thermal and background events toward lower energies in

the spectrum of Shalev and Rudstam. However, it would appear

that this cannot account for the complete differencej it may

be due to the additional effect of scattered neutrons in the

energy range loo - 4oo keV giving rise to a considerably larger

•continuum, underlying the peak structure in their spectrum.
l^5The spectrum from Sb decay shown in Figure 6 represents

the hardest neutron spectrum known so far amongst fission

product precursors. The three strongest lines above 1 MeV

contain some 2596 of the total spectrum intensity, and about

55% are contained in the range l.o - 2.5 MeV. In comparison

with the spectrum of Shalev and Rudstam [7]> the neutron intens-

ity below 1 MeV in our data is only about one half that in

their spectrum as indicated by curve (a) in Figure 6. That this

discrepancy is not only due to response function corrections

is indicated by curve (b) representing the envelope of our
135

^Sb spectrum prior to subtraction of the total plateau distri-

bution. Again, the strong spectrum distortion in the low energy

part must be due to background from scattered neutrons.
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7. AVERAGE NEUTRON ENERGIES AND INTEGRAL NEUTRON SPECTRA

The discrepancies in the experimental data which appear in

most spectra that have been measured by Shalev and Rudstam [6]

and by the Mainz-group have a strong influence not only on the

interpretation of delayed-neutron spectra, they also show an

impact on the data needed for application, i.e. average neutron

energies and the calculation of the effective neutron energy

distribution in nuclear fuel from an 'analytical representation'

of the spectra [9]. As can be seen from Figure 6, curve (c),

which represents an older description of Shalev and Rudstam's
l^5experimental ^ Sb delayed-neutron spectrum by a set of 1 -

waves [7]> this analytical representation strongly overesti-

mates the contribution of low 1 -waves because of the back-

ground problems discussed before. Thus, any integral delayed-

neutron spectrum obtained from summation of individual spectra [lo]

or their analytical expression [9] cannot be used as an

'accurate representation of the non-moderated delayed-neutron

spectrum in fission' as is stated in RP 13, p.44.

To illustrate the discrepancies, Table 1 gives the average

neutron energies, E , deduced from our spectra along with those

presented in Table 4 "of RP 13. It is seen that the neutron

spectra obtained by the Mainz-group are in the average 95 keV

harder than those from the OSIRIS-group? the most prominent
4

g
8*5 94 l^5differences are observed for ^As, Rb and Sb. Again, these

discrepancies arise from the combined effects of insuffiently

known detector response functions and backround due to scattered

neutrons. A comparison with the results of the SOLAR-group

using a direct method [ll] is difficult. However, as their

detector arrangement was mainly calibrated with neutron spectra

of Shalev and Rudstam [7], it is somewhat embarrassing that

their results generally are in better agreement with our data.

The sensitivity of E n to the energy range of the delayed-

neutron spectrum measured is demonstrated in Table 2 for two

representative nuclides. In the case of the rather soft 'Br

spectrum the effect due to neutrons from the energy range o -
l^5loo keV is dominant, whereas for the hard spectrum of Sb
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the sensitivity of the high energy region is clearly illustrated.

It should be noted here that the experimental spectra published

by Shalev and Rudstam [6] only cover the energy range loo to

l6oo keV. From our results we conclude that the uncertainties

in the average neutron energies given in Table 1, including

statistical and systematic errors, are in the order of 2o to

5o keV.

8. CONCLUSIONS

The discrepancies noted in delayed-neutron spectroscopy

using ^He ionization chambers would request:

(1) further studies on the properties of the He spectrometers,

especially the influence of experimental conditions on

their response function and detector efficiency*

(2) measurement of the low energy part (o - loo keV) for the

remaining precursors of interest;

(3) a considerable reduction of uncertainties in average neutron

energies to about 2o keVj

(4) measurements of equilibrium and time-dependent spectra, as

the summation methods using current spectra from individual

precursors contain large uncertainties in both their low

(o - 3oo keV) and high energy parts (> 1600 keV).
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FIGURE 1: Response of the He ionization chamber to mono-
7 7

energetic neutrons produced by the Li(p,n)'Be reaction. E

is the incident neutron energy deduced from the measured

proton energy and the reaction kinematics; E is the pulse
s

height distribution obtained from monoenergetic neutrons with
E . The peaks marked with an asterisk are due to a secondary

7 7 *
reaction 'Li(p,n) Be .
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FIGURE 3: Delayed-neutron spectrum of 17Nj (a) measured

under optimum experimental conditions, (b) measured under

conditions favouring scattering.
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function. Experimental spectrum envelope according to Shalev

and Rudstam (a); envelope of the Mainz-spectrum prior to

response function corrections (b)j predicted spectrum envelope (c)

according to Shalev and Rudstam [7].
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TABLE 1: Average neutron energy E from individual delayed

neutron precursors.

Precursor

85As

87Br

hvD

96Rb

97Rb

«5 s b

136Te

137X

138X

1 4 2 C S

l43Cs

l44Cs

l45Cs

Average

Mainz

752

217

414

474

5o8

481

754

Io33

3o5

579

467

252 j

276 .

312 J

331

Exp

neutron energy

OSIRIS

E n [keV]

. spectrum Anal. repr.

6lo

17o

34o

35o

52o

61o

22o

51o

39o

(2oo)

24o

28o

57o

22o

33o

31o

54o

6oo

21o

49o

37o

(2oo)

22o

31o

1 Method

i 56o ±

57o ±

53o t

56o -

>72o

24o ±

35o ±

29o -

46o ±

SOLAR

A

lo

lo

lo

lo

6o

lo

2o

3o

Method B

15o - lo

63o - lo

6lo - lo

54o - lo

54o - lo

>62o

53o - 5o

13o - 2o

32o - 2o

33o ± 2o

54o - 2o
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TABLE 2: Sensitivity of the average neutron energy E to the range of the

energy spectrum.

CD

Neutron energy

loo -

o -

loo -

o -

87Br

range [keV]

75o

75o

13oo

13oo

En [keV]

266

2o6

27o

217

Neutron energy

loo -

o -

loo -

o -

135Sb

range [keV]

I6oo

I6oo

3o6o

3o6o

\ [keV]

862

85o

Io36

Io33
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THE SYSTEMATICS OP RELATIVE DELAYED NEUTRON YIELDS

B. P. Maksjutenko

( i n s t i t u t e of Physics and Power Engineering, Obninsk, USSR)

ABSTRACT

The author considers the dependence of relative delayed neutron
yields on charge and mass of the fissionable nucleus with a view to
predicting these data in the case of nuclei for which there are no
experimental data available. The author indicates the nuclei for which
it is preferable to carry out extra experiments so as to avoid perform-
ing them for the entire range of nuclei, while still obtaining the data
required for reactor design.

When determining the content of fissionable materials in spent fuel
and when calculating reactor kinetics, it is essential to possess data
on the relative delayed neutron yields also for such materials for which
experimental determination of the data is difficult because of high
background or prompt neutrons from spontaneous fission, or because
only a small amount of material is available. Furthermore, there is
clearly no point in making measurements for all materials if some of the
data can be predicted with sufficient accuracy on the basis of measure-
ments of a selected number of them. It is therefore of interest to
systematize the existing, data and seek to establish the relationships
between the yields and the mass and charge of the fissionable materials
so as to be able to predict the data that are unavailable, though still
required for reactor design.

In the coordinate system Z™, Np (charge and number of neutrons of
the fissioning compound nucleus) shown in Pig, 1 the black dots indicate
the nuclei for which the decrease in delayed neutrons activity has been
measured and parametrization carried out, i.e. for which the relative
yields of the groups and their half-lives have been determined by the
method of least squares. Clearly, it is not for these parameters -
which have no physical meaning since they represent weighted mean yields
from several pure precursors - that we should establish the systematics,
but for the precursors themselves. It should be noted that for the
purpose of systematizing and predicting delayed neutron yields from
any precursor it is rather the cumulative than the independent yields of
precursors that we have to consider, since the independent yields involve
also the beta decay features of fragment nuclei, while the cumulative
yields are associated with the fission process only. The link between
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the delayed neutron yield y^ from the given i-th precursor, its cumula-
tive yield Qj_ and the delayed neutron emission probability of a given
fragment, Pni, is given by the relationship

yi = Qi pni 0)

The procedure for solving the given problem is as follows: delayed
neutrons are emitted by groups of light and heavy fragments; among the
former we find the isotopes of bromine, rubidium and so on, while the
second group contains those of iodine, caesium and so forth. The dis-
tribution of the cumulative isotope fragment yields can be satisfactorily
described by a Gaussian of definite width [i]. If we can determine the
dependence of the position of the maximum of this Gaussian, Ap, on the
charge and the number of neutrons of the fissioning compound xranieus, for
example for bromine isotopes, we can calculate the yield of any of the
Br-isotopes and use 3q. (1) to find the relative delayed neutron yields.
The position Ap for rubidium isotopes can be found from the linear depen-
dence between the fragment charge and Ap for the known value K=^Zp/c^A [
We can thus find the relative yields of delayed neutrons from all light
fragments. To determine the same yields from heavy fragments we have to
apply the procedure of calculating Ap for complementarily-charged light
and heavy fragments using the mean number of prompt neutrons, as described
in Ref. C<0» ^n ^^ s w ay w e c a n calculate the relative cumulative yields
of all precursor fragments, and use Eq. (1) to determine the relative
delayed neutron yields from all individual precursors, and then find,
from their known half-lives, the decrease in the delayed neutron activity
for materials whose measurements are either difficult to make or are not
worth making if they can be reasonably accurately predicted.

Let us consider how we can determine the ratio of cumulative yields
for all bromine isotope precursors if we know the yields ratio for only
two of them, for example:

Q (88Br) / Q (8?Br)

This ratio can be found by analysing the decrease in activity of
the delayed neutrons by the method described in Ref.[3]. In effect,
the analysis by a least squares method indicates in this
case a split in the yield of the second group of delajyed neutrons into
yields from 137l and 8&Br. We should make the reservation that the
yields of these long-lived precursors can be determined more accurately
than the remainder due to their large integral contribution to the
activity decrease. Assuming that the distribution of cumulative precursor
yields at Z = const tallies satisfactorily with the Gaussian [i], we get
the following relationship for the bromine isotope precursors:

where

In (Qi/Qo) = - i/o-2 { (Ao- Ap) + i/2 } (2)

is the cumulative yield of bromine isotope fragment with
mass Ao = 87;
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Qj_ is the cumulative yield of bromine isotope fragment with

mass A
o
 + i(i = 1,2,3 . . . ) ;

Ap is the most probable mass for a given fragment charge (in this

instance at Z = 35 )i

c
z
 is the distribution width for the cumulative isotope yields.

It can be seen from Eq. (2) that with known values of QJ/QQ and- o
z

we can find any QJ/QQ, i.e. the ratios of the precursor yields

Q(89Br)/Q(87Br), Q(9O;Br)/Q(87Br), and so on. We should point out that

since o
z
 has a uniquely defined relationship with the distribution width

of the prompt fission neutrons [_2~], and the latter is the same for all

fissionable nuclei from thorium up to californium [4], o
z
 does not depend

on the nucleonic composition of the fissionable nuclei and can be taken

in all cases as being the same.

It follows from Eq.(2) that

A
p
 = A

o
 + 0.5 + of In (0,/Qo) (3)

Hence determination of the relationship A^ (Zp, N
F
) is reduced to deter-

mining it for the quantity l ^ / )

Using the method described earlier [3], we determined the ratio

^ from an analysis of the decrease in activity, which we calculated

by computer from the parameters obtained from experimental data of other

authors using the method of least squares [5]» We took from Ref. [5] all

the data for fission induced by fission-spectrum neutrons, and for thermal

neutron fission of ^41 Fu* the data for 242^ were estimated.

Figures 2 and 3 show the dependence of Q^/QQ for the fission of

uranium and plutonium isotopes. One can clearly see a linear dependece

(on a semi-logarithmic scale) on the number of neutrons in the fissioning

compound nucleus, Eq.(4), from where a linear dependence of A
p
 follows.

In (Q-i/Qo)- In A
p o
 (z

F
) + .k (Z

f
).N

f
 (4)

A deviation from the estimated data is observable in the case of
 H
 Pα.

Thus, the calculation of A for bromine isotopes in order to predict

their relative yields from fission of uranium and plutonium isotopes for

which there are no direct experimental data can be made from Eq.(3)»

According to our calculations

-(32.811 +0.011) + (0.2295 + 0.0076) N
F
 for uranium

isotopes,

and

-(72.879 + 0.010) + (0.501 + 0.018) % for plutonium

isotopes*

An indication of the accuracy in each case is the deviation of the value

calculated on the basis of these equations from the value A
p
 found directly
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from decomposition of the decay curves. They differ within the limits
of 0.02 - 0,05 mass units.

Having found that A_ for bromine isotopes is a linear function of
the number of neutrons Np in the fissioning nucleus, it is of interest
to determine the form of this dependence on the charge of the nucleus Zp
and to determine the corresponding coefficients: the problem would then
be completely solved. In accordance with Eq.(4), in order to do this
we should determine the dependence ApO(Zp) and k(Zp). Since we have
only two points, or to be more exact two straight lines, we do not have
enough information to determine even the type of function involved.
In Ref.[6], the authors derive Z-, for A = 136 (caesium isotope) for
fission of ^^Th. Applying the relationships derived by us in Ref.[2],
we can find Ap for caesium isotopes and for the complementarily charged
bromine isotopes. Unfortunately, the accuracy here is not very high,
compared with the accuracy attained for uranium and plutonium isotopes,
since the value of v used is only known approximately (v i=̂  1).
If we now assume that for the fission of thorium isotopes there is like-
wise a linear dependence of Ap on the number of neutrons in the compound
nucleus, we can find k(Zp = 90) and the corresponding values of Ap0.

In (Qi/Qj = -19,6985 + 0,13957 % .

It is clear from Pig. 4 that the slope of the linear dependence
Ap(Zp) on Np increases with Zp. The simplest assumption, seeing that
In ApO(Zp) and k(Zp) do not fit into a linear dependence (Fig«5)» is
that for the three materials with Zp = 90, 92 and 94» these values can
be described by a parabola, i.e.

In Apo(Zp) = aZp + BZF + c

k(Zp) = pZ| + qZp + r

Calculation gives

In Apo(ZF) = -3.3695(Z| - 180.054 Zp + 8110.73)

(5)
k(ZF) = 0.022684(z| - 180.018 Zp + 8107-74)

In this way we can find the position of Ap for bromine isotopes in the
case of any fissionable isotope ranging from Zp = 90 to Zp = 94 for
different values of Zp and Np. The accuracy attained in solving this
problem can be improved by obtaining more reliable data for ^^^

Unfortunately, further extrapolation - calculation of Ap for
produces a result differing substantially from the true one (~25%).
On the other hand, we have merely to change k(Zp) by only 4% to obtain the
correct result for the same value of ApQ.
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The analysis made demonstrates that there is no need to measure
the yields of delayed neutrons from the entire range of fissionable
isotopes, even if more data are required. It shows for which ones new
measurements would be of value in order, first, to obtain the data
necessary for calculating all the others, and, second, to study the
physical systematics of the variation in cumulative fragment yields as
a. function of the charge and mass of the fissioning nucleus. For the
purpose of systematics it would be very useful to study the delayed
neutron yields from "^Th and one other californium isotope. This
"miniprogramme" would permit calculation of the relative delayed neutron
yields for all the isotopes of fissionable materials from thorium to
californium.
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FIGURE CAPTIONS

Fig.1 Fissionable nuclei for which the decrease in a c t i v i t y of
the delayed neutrons has been measured

Fig. 2 Dependence of Q^/QQ and QJ^/QQ
 o n Np for uranium isotopes

Fig. 3 Dependence of " « « for piutonium isotopes

Fig.4 Dependence of k(Zp)

Fig. 5 Dependence of k(Zp») and In A_0(Zpi)
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THE FRENCH PROGRAMME ON THE DETERMINATION OP THE EFFECT OF

FISSION PRODUCTS IN FAST REACTORS

G. Langlet and L. Mar t in -Deid ie r

CEN Cadarache, France

INTRODUCTION

Among the main neutron characteristics studied "by reactor physics,

those associated with neutron evolution as a function of fuel irradiation

play a basic role in the optimization of designs, fuel cycles and opera-

tion [ l , 2], The activities undertaken in this field by the Commissariat

"a l»Energie Atomique (CEA) are closely linked with the development of the

French nuclear programme, especially the construction of 1200- and l800-MW(e)

fast reactors of the Super-Phenix type [3]. The increase in power from

Phenix to Super-Phenix and in the duration of the operating cycle, and the

optimization of doubling time now being investigated, have enhanced the

importance of the parameters associated with neutron evolution, particularly

with reactivity loss due to fission products.

In a 1200-MW(e) reactor, for example, fission products account for 75$

and the variation in heavy isotope composition for 25$ of the reactivity loss

in a cycle of 308 days (-2.5$ Ak/k). This justifies the work undertaken in

France on the calculation methods, evaluation and adjustment of fission

products. An accuracy of the order of+7$ (2d) is required for the total

effect of fission products.

The approach which has been followed at the CEA since 1973 for the study

of reactor evolution is identical with that used to treat the other parameters

of reactor physics [4]» The accuracy required for fission products should

be attained first by adjusting the fission product cross-sections separately

and then by regrouping them (pseudo-fission product) for final readjustment

by irradiated fuel measurements.
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In addition, the problems associated with the fuel cycle (transport,

reprocessing and fabrication) and waste treatment call for determination of

the nature and quantity of the fission products present in fuels as a function

of irradiation and of cooling time.

I . STEPS CHOSEN

The star t ing point for the studies is a set of calculation methods and

evaluated neutron cross-sections. The set of methods and data used for fast

reactors is called the CAMAVAL code. We then determine the main sources of

uncertainty in the macroscopic parameters which are due to the uncertainties

in basic data. Lastly, we measure the integral parameters which can "be used

to adjust the cross-sections and to calculate with the required accuracy the

power plant characteristics depending on reactor evolution.

Subsequently, an overall check of the data set (fission products, heavy
nuclei, actinides, etc.) by investigations in power reactors may be envisaged.

The CEA study on fission products was carried out according to this

general scheme and consisted of the following steps:

Step 1

Establishment of a reference code (l88 fission products) based only

on evaluated data and theoretical methods.

The adjustment scheme chosen made i t necessary at f i r s t to have a

fairly complete set of cross-sections for the individual fission

products, so that the pseudo-fission product cross-section could

be described correctly as a function of energy (the pseudo product

cross-section is obtained by weighting the capture cross-sections

of the individual isotopes by the i r fission yield, account being

taken of a variety of phenomena - neutron capture, radioactive decay,

migration in the fuel - which modify the i r accumulation during

i r radia t ion) .

An i n i t i a l f i le of 188 isotopes was therefore established on the

basis of the French evaluation by P. Ribon [5] for the 22 most

important isotopes, supplemented by the Australian evaluation by

J.L. Cook [ 6 ] . This reference f i le was subsequently updated when

more recent evaluations became available.
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Study of sensitivities during the evolution. This study guides the

choice of the most important individual fission products. It uses

the reference code which is supposed to be sufficient at this stage

for choosing a programme of specific integral experiments.

Step 3

Adjustment of the individual fission product cross-sections. The

preceding step contributed to the choice of integral experiments.

The energy range covered by these experiments on each individual

fission product is extended. The main fission products are adjusted,

each one separately, by the corresponding experiments. The adjustment

of the individual products essentially corrects the shape and partly

the value of the capture cross-section as a function of energy. The

final adjustment of the cross-section is obtained at the final step 5»

Step 4

Generation of pseudo-fission products, defined as the sum of the

individual fission products weighted by their effective yields.

Considering the preceding adjustment, the correct energy variation is

preserved for the pseudo-fission product by condensing the individual

adjusted fission products. The condensation is performed with the

effective yields for each fissionable nucleus by distinguishing the

contributions of ̂ -%, ™Pu and ^ P α .

Step 5

Readjustment of the lumped capture cross-section of pseudo-fission

products. Such readjustment is envisaged by some integral experiments

performed on fuel irradiated in Phenix and Rapsodie under conditions

as close as possible to reality. This will enable us to reconstitute

the absolute level of the lumped cross-section. These integral

experiments represent the basis for the whole fission product programme.

Remarks on the reference code

The init ial sensitivity studies were carried out on the basis of the CEA

internal reference file (Ribon + Cook). As a result, the 188 fission products

were classified into four groups of unequal importance:
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Group 1? The most important (81.3$ of capture in Super-Phenix),

i . e . about twenty fission products considered to

deserve pr ior i ty;

Group 2; Less important (l4»4$ of capture), i . e . about twenty fission

products which can be substantially improved but do not

deserve pr ior i ty ;

Group 3? Fission products of l i t t l e importance (2.5$ of capture)

comprising approximately another twenty for which no

integral measurement seems necessary but whose evaluations

can however be improved in future;

Group 4s The remainder of about 120 fission products which have a

low capture effect and whose reference evaluation is

sufficient [5 , 6 ] .

The f i r s t adjustment to the available integral measurements for the f i r s t

group was found to "be of large amplitude and revealed the importance of the

i n i t i a l f i l e and the integral resu l t s . For th is reason, a new reference

code, based on a more recent and rel iable evaluation (CNEN/CEA collaboration),

and new French integral measurements (Phenix-Profil, Ermine-Masurca) have

since been performed.

The new code now covers groups 1, 2 and 3 (about sixty fission products)

which have been fully re-evaluated, while most isotopes of the f i r s t two groups

have, in addition, been adjusted (about forty fission products) to more than

300 integral measurements of individual fission products in the STEK, FRO,

CFRMF, Ermine, Masurca and Phenix reactors.

Remarks on readjustment step (5)

Readjustment by "global , , experiments is a specific feature of the French

programme. In comparison with the programmes which are based exclusively

on measurements of individual isotopes, th is programme i s , in our opinion,

more rea l i s t i c for the following reasons:

- In practice, only knowledge of to ta l fission product capture

in a reactor i s important;

In order to go over to the to ta l effect of fission products,

we are not compelled to involve quantities such as fission

yields and accumulation parameters (gas migration), which

are s t i l l not well known;
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- The effect of fission products is measured under conditions

typical of a reactor fuel, with respect to both spectrum and

self-shielding;

- We avoid measuring numerous individual fission products which

are of l i t t l e importance, rare, costly and difficult to obtain

in the pure s t a t e .

At present, we are moving over to step (5).

I I . EVALUATIONS

A special effort was undertaken in this field (full evaluations covering

the entire energy range: E,,-15 MeV). When the work is completed at the

end of 1978» the final set (about sixty fission products) of groups 1, 2 and

3 will be available. While i n i t i a l l y , unt i l 1975t only the fac i l i t i es

available at the CEA [5] were used, the subsequent ac t iv i t ies were carried

out in co-operation with the CNM within the general framework of the CNEN/CEA

agreement on fast neutrons. As a result of this co-operation, the methods

were brought in l ine [7]> "the codes were unified and the work was shared.

The f i rs t phase has now been completed, i . e . the f i rs t set of CNEN-CEA

evaluations [8 , 9] n a s been carried out for groups 1, 2 and 3 on the basis of

only microscopic data.

The second phase, which will end with the publication of the final se t ,

has s tar ted. I t consists of re-examination of the f i rs t CNM-CEA set in

order to take into account both the most recent microscopic data and the

tendencies indicated by the various local systematica, together with those

derived from the above-mentioned integral experiments. I t i s to be noted that

in general the two types of tendency are consistent.

I I I . MEASUREMENT TECHNIQJES

These are the standard techniques used in the Minerve and Masurca c r i t i c a l

assemblies and in the Rapsodie and Fhenix power reactors .

In regard to fission products, the programmes includes

- Measurements by osci l la t ion of samples of separated fission

products;

- Measurements by activation of detectors made from a pure

fission-product isotope;
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- Measurements "by i r rad ia t ion of deposits of separated fission

products in Phenix (the capture rates can be deduced from the

var iat ion of the fission product contents);

- Measurements "by osc i l la t ion of i r radiated fuels t o obtain the

overall fission-product capture [ i o ] .

These techniques involve:

- Measurements by non-destructive methods: gamma spectrometry,

calorimetry and spontaneous neutron emission;

- Destructive analyses [ l l ] used essent ia l ly t o give absolute

values: mass-spectrometry, chemical analyses and alpha-

spectrometry.

These measurements were carried out under the fast reactor programme in

•fche Rapsodie core assembly and similar work i s now in progress in Phftnix,

IV. THE METHOD OP ADJUSTMENT OP INDIVIDUAL FISSION PRODUCTS:
GENERATION OP PSEUDO^FISSICN PRODUCTS

The integra l experiment r e s u l t s are used for s t a t i s t i c a l adjustment of

the capture cross-sections of the individual f i ss ion products in the reference

code. The adjustment method i s of the BARRACA type [4],- i . e . i t uses a small

number (4) of energy groups. The adjustment resu l t i s red i s t r ibuted among

t h e 25 groups of the code. The shape of the reference evaluation i s taken

i n t o account by means of corre la t ion between groups. The capture level i s

modified u n t i l negl ig ib le residues are obtained (minimum Ki2). The

calculat ion of the uncertainty in the adjustment i s derived d i r e c t l y from

t h e experimental u n c e r t a i n t i e s . The f i l e thus adjusted i s used as input for

the ca lculat ion of reactor evolution in order t o generate the pseudo-fission

products. During these ca lcula t ions , account i s taken of:

the heavy nuclei present and t h e i r evolution;

- f i ss ion product ha l f - l i ves , y i e l d s , captures and migrations;

the operating diagram including shut-downs;

- the spectra of the reactor zones (core 1, core 2, b l a n k e t s ) .

The r e s u l t i n g pseudo-fission products are different with respect t o the

generating heavy nucleus ( -*%, ^ % , ^ ° P u , ^ Pα) and describe, for 25 groups,
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the following reactions: capture, e las t i c , ine las t ic , to ta l and transport .

By definition a pseudo-fission product, which aims to represent the to t a l

effect of a l l the fission products present, depends on the design and

operating diagram of the reactor. The pseudo-fission products to be included

in version IV of the CARNAVAL code correspond to Super-Phenix in equilibrium.

V. THE EXPERIMENTS USED FOR INDIVIDUAL FISSION PRODUCTS

For the adjustment of the capture cross-sections of individual f ission-

product isotopes, we interpreted a fa i r number of foreign experiments. In

the case of the most important products, they were supplemented by an

appropriate experimental programme in the character is t ic l a t t i ce s of fast

power reactors .

The capture measurements can be obtained by osci l la t ion, activation or

i r radia t ion, as appropriate.

(1) Foreign experiments

I n i t i a l l y , our programme included oscil lat ion experiments in the thermal-

fast coupled assembly STEK in five cores of different spectra. This

experimental programme [ l2 ] was interpreted under an RCN-CEA agreement.

We took into consideration the majority of these experiments, which were

devoted to the important fission products (groups 1 and 2) and for which the

five cores covered an extended spectrum range. In addition there were a

smaller number of osci l lat ion experiments in the FRO reactor [13], measured

in three different cores. We supplemented them by activation experiments

in the CFRMF thermal-fast coupled assembly of the ARMF II reactor [14] for

some isotopes of group 1.

The above accounts for about 250 experiments distributed unequally

between groups 1 and 2. Their resul ts are of low accuracy, varying between

10 and 30$. In the case of the oscil lat ions (STEK + FRO) th i s i s due to the

small mass of the samples, the uncertainty in t he i r self-shielding and the

paras i t ic signal from flux depression. In the case of activations (CFRMF),

the sample spectrum i s affected by uncer ta int ies .

(2) CEA's own programme

Three types of measurement were used, depending on the nuclear

characteristics and the possibilities of supply of the different separated

fission products.
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(a) Oscillation measurements in Masurca and in the thermal-fast coupled

assembly Ermine of the Minerve reactor. This type of measurement

was limited to products of which a mass of a few grams could be

obtained in order to attain the desired accuracy. This method

requires corrections for self-shielding and flux depression in order

to arrive at the capture effect and has an accuracy of up to +10$,

(b) Activation measurements in the thermal-fast coupled assembly Ermine,

This method directly gives the capture effect, but i ts application

is limited to isotopes whose capture products are radioactive and can

be measured by gamma-spectrometry. It has an accuracy of up to +5$.

(c) Irradiation: since we have an irradiation facility like Fhenix,

this method can be used for rapidly attaining the necessary fluence

and is of particular interest in that i t has a neutron spectrum in the

desired range. It requires only small quantities of material, and,

moreover, mass spectrometric analyses give a very high accuracy for

the integral capture cross-sections (3-4$) • A particular feature of

this method is that i t enables us to obtain the isotopes of a chain of

successive captures with very satisfactory accuracies.

Although they are less numerous (about fifty) and limited mainly to

group 1, the measurements performed under this particular programme are never-

theless very valuable:

they are obtained from three independent sources;

- they have an accuracy higher than 10$ in general;

they exactly cover the energy range of the reactor.

Applying these measurements, we have been able to increase accuracy (by

about 30$).

Figure 1 gives the basic characteristics of the four Minerve and Masurca

cores constituted for these measurements. Changes in enrichment are obtained

by "discharge" [4].

The spectrum range covered by the set of lattices studied is shown as a

function of the spectrum index r in Pig, 2 [4],

All these measurements, both French and foreign, were interpreted as

consistently as possible, especially as regards error estimation.
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A summary of the measurements indicating the experimental precision

for each technique will be found in Table I , which includes the f i r s t

24 f iss ion products to which the French programme makes a substant ia l

contr ibution.

VI. EXPERIMENTS FOR UNSEPARATED FISSION PRODUCTS

These experimental resul t s serve as reference for the whole CEA fission

product programme. The t o t a l effect of the f ission products was measured

by osc i l l a t ion of i r rad ia ted fast reactor fuels in the thermal-fast coupled

assembly Ermine.

The f ission product effect i s obtained by measuring the difference in

reac t iv i ty between i r radia ted and unirradiated fuels of the same i n i t i a l

content and by subtract ing the effects due to the disappearance of the fuel

during irradiation.

After oscillations, the fuels are analysed chemically in order to determine

their compositions with accuracy.

The experimental programme carried out in France can be divided into two

parts:

(1) The preliminary experiment in 1973» during which the Rapsodie

and Fortissimo fuels (UOg-PuO , 20-25$ Pu, U with 60 and 80$ 235U)

were oscillated in a metallic uranium lattice of the characteristic

Super-Phenix spectrum (Lattice R3) [lO],

The main purpose of this experiment was to develop the oscillation

and chemical analysis techniques for highly irradiated fuels.

(2) The main experiment in 1975-76, when we oscillated a pure ^J

fuel (PROFI U) irradiated in Rapsodie and a Phenix fuel after

three cycles of irradiation in order to measure the effect of the

fission products of ^J and plutonium separately.

These measurements were performed in three oxide-fuel lattices -

one characteristic uranium lattice of Super-Phenix (lattice RONA 3)

and two characteristic plutonium lattices of Super-Phenix (ZONA 3)

and Phenix (ZONA l ) .

All these measurements are summarized in Table I I .
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VII . RESULTS OBTAINED IN THE FISSION PRODUCT PROGRAMME

VTI. l . C lass i f i ca t ion of the pr inc ipa l isotopes separated

Below we give the 20 main isotopes for which measurements were car r ied

out, i . e . Group 1, in order of importance as a percentage of t o t a l pseudo-

f i s s ion product capture :

9.9 ^Sm 5.9 Cs 3.0 *~*Ru 2.1

101Ru

103Rh

107Pd

8.9

7.3

7.3

6.4

151Sm 5.9 x"7Ag 2.6 ^Mo 1.3

a 4 .1 102Ru 2.4 10°Mo 1.3

97Mo 3.4 1 5 3Eu 2.2 1 4 1 P r 1.3

3.1 143Nd 2.1 98Mo 1.0

Total 81.3$

These isotopes are therefore placed at the top of the classification

diagram given in Pig. 3. However, there is no measurement for three isotopes

which, because of their importance, should have been included in Group 1:

135Cs (2.

(1.1$)

These three are unstable radioactive isotopes which are difficult to

obtain.

Of the 40 included in groups 2 and 3t 24 less important isotopes were

also measured; they are: 93Zr, 108Pd, 106Pd, 52Sm, 146Nd, 139La, 148Nd,
147Sm, ^ d , ^Ce, 9 ^ r , ^ d , ^ r f ^ S m , n i C d , 15°Sm,

^ ^ d , 1 0 V 9%rf
 1 1 5 I n , 1 2 8 Te , 110Pd..

These measurements were obtained mostly from the STEK and CPRMP

experiments. The contr ibut ion of a l l these f i s s ion products t o the t o t a l

effect l i e s between l$o and 1% and t h e i r p a r t i a l sum amounts t o 8.5$ of the

total .

Lastly, the non-measured fission products account for only 10$ of the

capture signal.

Impossible to measure directly (half-life 4 days)
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VII.2. The capture cross-sections of the
principal isotopes separated

The mean fission—product capture level in a fast spectrum is of the

order of 0.2 b with a very large scatter "because certain fission products

(samarium and europium) have mean captures of 1-4 b . The capture cross-

sections of the isotopes measured, accounting for 90$ of the overall capture,

were adjusted in the spectrum range of interest to fast power reactors.

The comparison "between the very first non-adjusted file (Ribon + Cook)

and the present adjusted file is given in Fig. 4» The changes are large -

the cross-sections changed lay a factor of 2 in one direction or the other,

particularly in the case of palladium and ruthenium. Because of compensations,

these large changes are absorbed in the pseudo-fission product mixture.

On the basis of the most recent re-evaluated file (CNM-CEA.), these

deviations were systematically reduced. In particular, the new evaluations

of the following isotopes show clearly "better agreement with the integral

measurements: 105Pd, 101Ru, 107Pdt
 149Sm and 151Sm.

This observation suggests that the three important isotopes Cs, Ru

and Eu, for which there are no measurements, are now more reliable than

before.

Table 3 gives a l is t of the individual isotopes which have been adjusted

together with their capture cross-section accuracy after adjustment and the

contribution of these uncertainties to the uncertainty in the overall fission-

product effect.

The sum of these contributions of the adjusted fission products represents

11% of the overall accuracy attained.

The accuracies of the results are obtained by taking into account the

evaluation precision, the measurement precision, the uncertainties of self-

shielding and of the flux depression signal, and the adjustment precision.

The calculation of each of these terms takes into account a quadratic

combination of the errors, partly statistical and partly systematic, whenever

this distinction is possible. The contribution to the resulting uncertainty

appears to be relatively large for the following isotopes: -¥d, °%c, 'Pd

and Sm.

Additional integral measurements for these isotopes will be valuable.

The most accurate technique is irradiation, when it can be carried out. It
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will "be applied in 1978 (especially for ^ Sm and 'Pd) in the Phenix Profil 2

experiment, which is in preparation. Table IV shows in detail the improve-

ment achieved in the absolute value as well as accuracy "by the Phenix Profil 1

irradiations,

VII,3. Creation of pseudo-fission products

On the "basis of the adjusted file for the individual fission products,

pseudo—fission products were created by weighting them with the cumulative

yields which are calculated under typical operating conditions of a Super-

Phenix-type power reactor.

The evaluation of the uncertainties of the pseudo product takes several

factors into account, for the pseudo-fission products are sensitive not only

to capture "but also to fission yields, migrations, operating diagrams,

reactor design and, lastly, evolution parameters. This fact was utilized

in a study of the various causes of error [ l2], the conclusions of which are

summarized "below:

Un£ertaintie£ due iP^l^J^EPSPzPSPl?-^^ combined results for

188 fission products of which 44 main ones are adjusted and the

rest evaluated (CNEN-CEA + Cook)

Uncertaiintjie£ due JL°J^ie.i^£s combination of uncertainties of

direct and of cumulative yields for 60 products obtained directly

from fission, and influence of these uncertainties on the

effective yields for 188 fission products

due i°^is£i£n^£cdu£t—m^rat^i^n: only gaseous

fission products (Br, Kr, I and Xe) were considered in this study

Un£ertadntie£ as^^atj^jwithL d^cragti^on ^^thej^ate^of the

£eac;to£: regarding the Super-Phenix project, this includes

various uncertainties of reactor evolution and operation

The combination of all these more or less related error sources is

evaluated at
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The pseudo-product mixture corresponding to the total fissionable nuclei

in the case of a 1200-MW(e) reactor in equilibrium (half-life), as obtained

from the file of adjusted individual fission product data condensed into one

energy group, is of the order of 500 mb/fission. The accuracy is of the

order of +75 mb/fission.

VII.4. The capture cross-section of pseudo-fission products
from irradiated fuel measurements

Measurement of the total effect of fission products by comparison of

unirradiated and irradiated fuels requires that not only highly irradiated

fuels should be available in order to furnish a sufficient amount of fission

products but also - considering the effect of fission products in relation

to the effects of fissionable isotopes in this spectrum range - that:

- high-precision reactivity effect measurements should be

carried out by oscillations;

- the effects of the principal fissionable isotopes which

disappeared during irradiation should be measured with

precision; and

- the compositions of unirradiated and irradiated fuels should

be known by chemical analysis with an accuracy of the order

of 0.1$ with respect to the amounts of uranium and plutonium.

Using the experimental facility of the Minerve reactor [lO], i t was

possible to attain the required accuracy for the reactivity effect measure-

ments by the oscillation method.

After some technological difficulties with the first few irradiated

samples, the chemical analyses gave the expected accuracies for the amounts

of uranium and plutonium contained in the unirradiated and irradiated fuels.

The accuracies obtained for the total fission-product effect are +9$

from the highly irradiated Rapsodie fuels (burn-up of about 10$) and

+13$ from the Phenix fuels whose burn-up did not exceed 3$.

The initial Phenix results, which are being analysed, indicate that the

present set of individual fission products gives a correct accuracy for the

overall pseudo-fission product effect, within the experimental uncertainties,

but has a tendency to lower the pseudo-fission product capture for both nJ
239and 'Pu. Detailed analysis of these results is s t i l l in progress, and if
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the observed tendency is confirmed i t will be taken into account subsequently

in the overall final readjustment of the pseudo product created from the

individual fission products,

CONCLUSION

The a c t i v i t i e s on the problems of f i s s ion product evolution ca r r i ed out

within t he general framework of the French nuclear programme s ince 1973 at

the CEA. are j u s t i f i e d by the need t o optimize the fuel cyc le .

As regards Super-Phenix, t he uncer ta in ty associa ted with f i s s i on products

i s of t he order of +400 per hundred thousand a t t he present s t a t e of progress

of our work. The a c t i v i t i e s w i l l continue in four d i r e c t i o n s :

- Obtaining new eva lua t ions : a l t oge the r 64 f i s s ion products

evaluated, represent ing J&fi> of the t o t a l e f fec t ;

Taking account of new f i s s i on y i e l d data l i b r a r i e s , mainly

for awn,,

- Integral capture measurements for certain isotopes by

irradiation in Phenix (107Pd, 151Sm, 153Eu, 143Nd and 93Zr)

or by activation in Masurca and Ermine ( 4 Pm, -'Cs, -^Eu

and ;3m) • Measurements of other isotopes by oscillations

is also foreseen (109Ag, 105Pd, 101Ru, 99Tc and 1 0 3Rh);

- In particular, oscillations of irradiated fuels: pure Pu

samples from Rapsodie and from PhSnix fuel after six cycles

of irradiation.

These measurements are expected to improve the precision for the pseudo-

fission products and to give a final uncertainty of the order of +300 per

hundred thousand for fission products.
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Table I. Measurements on separated fission products: number

of experiments used and experimental accuracy (%)

NOMBRE
0,EXPERIEN-

CES
UTILISEES

Pd 105

Ru 101

Rh 103

Tc 99

Pd 107

Sm 149

Sm 151

Pm 147

Mo 97

Nd 145

Cs 133

Ag 109

Ru 102

Eu 153

Nd 143

Ru 104

Mo 95

Mo 100

P 141

2r 93

Mo 98

Pd 108

Pd 106

Sm 147

OSCILLATIONS

STEK

n

5

5

5

5

5

5

5

5

5

5

5

5

5

c

5

5

5

5

5

5

5

5

5

5

FRO

n

3

3

3

3

3

3

3

3

3

ERMINE
MASURCA

n

3

6

6

2

5

2

3

2

4

4

t e

10.

9.

8.

10.

15.

10.

50.

13.

10.

13.

14.

14,

25.

10.

13.

17.

14.

17.

17.

17.

17.

17.

80.

10.

ACTIVATIONS

C F R M F

n

1

1

1

1

1

1

1

1

1

1

1

+ e

20.

20.

25.

20.

20.

30.

20.

20.

16.

28.

21.

ERMINE

n

1

2

1

1

2

1

t e

5.0

3.3

5.9

5.9

3.8

6.6

IRRADIATIONS

PHENIX

n

1

1

1

1

1

1

1

1

1

+ c

4.0

3.3

3.3

9.9

•

4.4

4.0

4.0

4.3

9.0

TOTAL
OES

MESURES

9

9

15

15

5

9

6

11

9

6

12

8

13

8

5

11

9

7

11

5

8

6

6

9
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Table II, Measurements of the overall effect of fission products in
irradiated fuels

Preliminary
experiment

Main
experiment

Experimental
lattices

R 3

RONA 3

ZONA 3

ZONA 1

Type of irradiated
fuels measured

Rapsodie

Rapsodie—Aurore

Rapsodie-Forti ssimo

Rapsodie-Profi U

Phenix 3 cycles

Rapsodie-Profi U

Phenix 3 cycles

Rapsodie-Profi U

Phenix 3 cycles

Number of
oscillated
samples

1

1

1

2

2

1

1

2

1

Mass of fission
products per
sample

20 g

18 g

10 g

10 g

4,5 g

10 g

4,5 g

10 g

4,5 g
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Table III. Contribution of adjusted fission products to the overall

accuracy

Isotope

Pd105

Ru101

RhlO3

Tc 99

Pd107

Sml49

Sm151

Pm147

Mo 97

Nd145

Cs133

Ag109

Ru102

Eu153

Nd143

Ru104

Mo 95

Mo100

Pr141

Mo 98

Precision
2a CO

± 9.2

8.8

8.3

9.8

14.6

8.9

19.0

12.3

9.4

10.8

10.1

13.3

12.0

9.1

12.3

11 .3

10.0

12.2

13.1

12,0

TOTAL

Part erreur
globale (%)

6.6

5.6

4.4

6.5

6.4

3.8

7.4

3.4

2.4

2.3

3.1

2.5

2.1

1 .5

1 .9

1 .7

1 .1

1 .1

1 .2

0.8

65.8%

Isotope

Zr 93

Pd108

Pd106

SmtS2

Nd146

La 139

Nd148

Sm147

Nd150

Ce142

Z Γ 96

Nd144

Zr 91

Sm154

Cd111

Sm-150-

Gd157

Tb159

Gd1 56

Pd104

Zr 92

In11 5

Te128

Pd110

Precision
Iα (»)

± 18.0

10.5

17.5

18.3

15.0

23.0

13.0

11 .8

29.0

23.0

20.0

16.5

13.0

20.0

22.0

12.0

20.0

8.0

16.0

16.0

22.0

39.0

39.0

21 .0

TOTAL

Part erreur
globale (*)

1 .0

0.8

1 .2

1.0

0.5

0.7

0.4

0.4

0.8

0.6

0.2

0.2

0.2

0.2

0.8

0.2

0.4

0.1

0.3

0.1

0.5

0.2

0.2

0.2

11.2%
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Table IV. Use of Phenix Profil 1 irradiations

Isotope

Pd105

Ru101

Sm149

Sm151

Mo 97

Nd145

Cs133

Mo 95

Pd1O6

Effect on

+ 1,0

- 4,4

- 2,7

- 9,3

+ 11,1

- 4,2

+ 6,3

+ 14,3

+ 22,7

adjusted oc,

+ 4,0

+ 3,3

± 3,3

+ 9,9

± 4,4

+ 4,0

± 4,0

+ 4,3

+ 9,0

Accuracy

without Phenix

10

10

10

50

12

13

14

15

80

(*)

with Phenix

9

9

19

9

11

10

11

17
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Contribution to Review Paper 15

FISSION-PRODUCT BETA AND GAMMA DECAY-ENERGY RELEASE RATES FOR THE
TIME PERIOD 2 - 14000 SEC FOLLOWING THERMAL-NEUTRON FISSION OF 235U*

J. K. Dickens, J. W. McConnell, T. A. Love, and R. W. Peelle
Oak Ridge National Laboratory
Oak Ridge, Tennessee, USA 37830

1. INTRODUCTION

The decay heat energy-release rate from thermal-neutron fission of U
can be obtained by two complementary methods. The first is based on measure-
ments of the total beta and gamma power released; the second consists of cumu-
lating by calculation the individual energies released by each one of the
fission products. The second method, a large calculational problem, has the
merit that once it is proven to reproduce measurements satisfactorily, it can
be applied to more complex situations in a reactor taking into account for
example reactor power variations or the creation of other fissionable isotopes
as a function of reactor operation.

Since 1974 four new measurements of fission-product decay power have been
performed in the United States: (1) a total-absorption nuclear radiation
measurement at Intelcom Radiation Technology, San Diego,1 (2) a calorimetric
measurement at Los Alamos Scientific Laboratory,2 (3) a second calorimetric
measurement using different techniques at the University of California,
Berkeley,3 and (4) the present measurements at ORNL, consisting of separate
differential energy measurements of beta and gamma rays. The first three
experiments mentioned provide integral energy-release data; the present experi-
ment provides, in addition, spectral distributions which can be used for comput-
ing e.g. high-energy gamma-ray leakage. Furthermore, the spectral distributions
provide a more stringent test of the validity of the "microscopic" calculational
approach.

2. EXPERIMENTAL METHOD

The total beta and gamma energy release rate from fission product decay
following thermal neutron fission of the fuel element 235U was obtained by
measuring separately the energy release rates for each component. That is,
one set of data was obtained for gamma energy release using a large Nal gamma-
ray detector, and another set was obtained for beta energy release using a
plastic scintillation beta-ray detector. The Oak Ridge Research Reactor (ORR)
was used to provide the thermal neutrons. Small samples of 5U were irradi-
ated for short periods of time and were rapidly recovered following irradiation.

* Research performed at Oak Ridge National Laboratory, operated by Union Carbide
Corporation, under the sponsorship of the U.S. Nuclear Regulatory Commission.
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3. DATA REDUCTION

The first step in data reduction is the summing of equivalent pulse-height
data and the subtraction of background (in the case of gamma-ray data) or else
the subtraction of "magnet-up" data (in the case of beta-ray data). The next
step is to bin the pulse-height data into predetermined gamma- (or beta-) ray
energy bins. These data are unfolded using FERD.4 The unfolded spectra are
divided by nf to yield normalized spectra. An example of a gamma-ray spectrum
is shown in Fig. 1, and an example of a beta-ray spectrum is shown in Fig. 2.
Also shown on these figures are spectral data previously reported in the
literature,5~7 and also calculated spectra. The calculated gamma spectrum
used the Oak Ridge code ORIGEN;8 the calculated beta spectrum was provided by
England and Stamatelatos.

The next step is to integrate the differential energy spectra, i.e. N(ER)
vs E^ and N(E^) vs E^,

8 MeV
N. . = / N(E)dE (2)
tot E

m m

8 MeV
Etot = ^ E N ( E> d E <3>

min

for beta- and gamma-ray data separately, where (experimental) E , =0.05 MeV
min

for gamma rays and 0.16 MeV for beta rays. Several corrections were applied
to the integral data N and E which were not applied to the differential
data. These included estimates of energy emitted in gamma rays having E

Y
< 0.05 MeV and beta rays having ED < 0.16 MeV.

p

4. THE INTEGRAL DATA

The present energy-integral data may be used to obtain the function f(t)
which is defined as the rate of energy release t seconds following an instanta-
neous pulse of fission, and has units of (MeV/sec)/fission. This function is
easy to estimate from our integral energy data if the integrals are divided
by the counting time, and the time t is taken to be

t = t . + 0.5 (t. , -i- t J. (4)
wait irrad count
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Data were obtained by detecting and measuring individual events for several
irradiation times (t. ,) , waiting times following the end of the irradiation

(t . ), counting times starting at the end of the waiting time (t ), and

particle energies (Eft or E ). The resulting energy spectra were integrated

over particle energy to obtain the energy release for each component for each
utilized combination of t. ,, t . , and t

irrad wait count

The experimental method calls for short irradiations (compared to decay
time prior to beginning the observation), nominally 1, 10, and 100 sec; small
samples, ̂  1, 5, and 10 ygm of Uo0o enriched to 93.5% in the isotope

 2 3 5U;
J O

and spectral measurements for specified, and short, counting intervals. Except
for the shortest waiting time intervals, the experiment closely approximates
differential energy release rates for time Jt_ after a pulse of fissions.

For the gamma-ray data, background was measured by running an empty sample
carrier. Some of the background was time dependent, corresponding to activity
(e.g. 2l|Na) picked up by the sample carrier in the movement of the sample to
and from the reactor. Some of the background was time independent, consisting
primarily of klAr decay plus a low-energy contribution.

For the beta-ray detector, two samples had to be run, one with no magnetic
deflection, measuring (3 + y). The second sample was measured with magnetic
deflection, yielding (y) only. Background from activity on the sample carrier
was nearly eliminated by tight collimation. From these data the data handling
includes subtraction of "magnet-up" data from "magnet-down" data. This
operation is equivalent to

(6) = (6 + y) - (Y) . (1)

Following the irradiation and measurements the samples were "cooled" for
varying periods and then counted for characteristic gamma rays associated
with decay of 97Zr, 99Mo, and 132Te. These measurements were performed in a
separate low-background counting area using Ge(Li) detectors. These data
were used to determine the number of fissions, nf, for each sample.

For a given irradiation time and sample size, a single irradiation and
measurement does not provide enough data for the statistical accuracy desired.
Hence, many identical irradiations and measurements were required. During
the course of this experiment several hundred irradiations were required. The
software was designed to provide an efficient and reproducible method of
controlling and monitoring each irradiation and subsequent beta- or gamma-ray
counting, and also to be simple to use.
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The difference between our estimate and an "exact" value is small if t
waxt

is > (t. , + t ), becoming larger for short waiting times compared to
irradiation and count times, but the correction is < 5% for our shortest
values of t.

The function f(t) decreases approximately as t . Hence, for presenta-
tion purposes it has become common practice to illustrate the "pulse" function
as t f(t). This presentation has the advantage of expressing the t f(t) axis
on linear graphics, but the disadvantage of increasing the error in presenta-
tion if there is any error in t. Acknowledging this defect, our beta-ray data
are presented in Fig. 3 in this format for comparison with summation calcula-
tion and with other data7»11,12 sets, including those for which the earlier
data were obtained only in an integral format. The present data agree very
well with the earlier data for t between 15 and 500 sec, but not so well with
the calculation in this time interval. The present data are 5 to 7% larger
than calculation for t between 1000 and 5000 sec, and in reasonable agreement
for longer times.

Our gamma-ray data are presented in similar format in Fig. 4. Our data
are smaller than the other experimental data,5,6,13 although within assigned
uncertainties of previous ORNL measurements. The comparison of calculation
with the present data is good for t between 20 and 1000 sec and for t > 5000
sec. There is a disagreement for t < 10 sec which may be indicative of
incomplete information in the basic data files. The disagreement for t
between 1000 and 5000 sec is rather unexpected, and suggests that further
study is needed in this time interval. These figures (3 and 4) emphasize the
differences between our data and calculated values for a pulse of fissions.
The differences are much less obvious for extended irradiations.

5. THE DIFFERENTIAL DATA

Although of modest energy resolution the differential spectra should prove
to be useful for evaluation of individual nuclide contributions to the total
decay power calculations. The calculation shown in Fig. 1 utilized contribu-
tions only from the 180 nuclides in the ENDF/B-IV data file11* having tabulated
gamma ray energies and yields, and did not include any contribution from the
> 500 nuclides in the file having only an average gamma energy in the file.
However, integral f(t) curves shown in Figs. 3 and 4 and the beta-ray calcula-
tion in Fig. 2 include contributions from all nuclides in the file. The
calculation of a gamma-ray spectrum using ORIGEN may include contributions
from all isotopes in the file; an example is shown in Fig. 5. The most
obvious difference between calculation and experiment is for E ^1.14 MeV,

and has been traced to the contribution to the calculation due to 14-min
ltt3La. This nuclide is not among the 180 nuclides in the ENDF/B-IV data file
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having tabulated gamma ray energies and yields. There is little solid experi-
mental information on the decay of La (see Ref. 15); such information as
exists suggests that llt3La contributes less to the gamma-ray decay power and
more to the beta-ray decay power than currently given in the ENDF/B-IV data
file. These differences are small, 1 or 2% of the total, but tend to reduce
the discrepancies shown in Figs. 3 and 4. The spectra obtained by the present
program should make it easier to ascertain which data in the files may warrant
further study.
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GAMMA-RAY ENERGY (MeV)
8

Fig. 1. Spectrum of gamma rays due to thermal-neutron fission of 23!

The histogram represents earlier ORNL data (Ref. 5). The solid line is a
calculated spectrum using ORIGEN (Ref. 8).
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2 3 5,Fig. 2. Spectrum of beta rays due to thermal-neutron fission of U.
The solid points are the data of Tsoulfanidis et al. (Ref. 7) and the calcu-
lations are the work of England and Stamatelatos (Ref. 9). The irradiation
time, waiting time, and counting time intervals are given in the legend.
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Fig. 3. Beta energy emission rate following an instantaneous pulse of thermal-neutron fissions of
U. The abscissa, t, is the time after a pulse of fissions. The ordinate is a quantity derived by

obtaining f(t) and then multiplying it by t. The units are a contraction of
MeV/sec

x sec. The solid
fission

circles represent the present data as described in the text. The open triangles are data of McNair et al.
(Ref. 11), the open squares of MacMahon et al., (Ref. 12), and the open cricles of Tsoulfanidis et al.,
(Ref. 7). The calculation was carried out by R. Schenter (Ref. 10) and the ENDF/B-IV data file (Ref. 14).
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Fig. 5. Spectral distribution of gamma rays following thermal-neutron

irradiation of U. Irradiation, waiting, and counting intervals are given

in the legend. The calculation was performed using ORIGEN (Ref, 8) and the

data in the ENDF/B-IV file (Ref. 14). Almost all of the calculated data shown

are due to isotopes having tabulated gamma ray energies and yields. The notable

exception is the contribution due to La, which is calculated as if the average

energy, given in the ENDF/B-IV file as Eγ = 1.14 MeV, were due to a monoenergetic

gamma-ray transition having a 100% branching ratio.
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Fig. 4. Photon energy emission rate for thermal-neutron fission of 235U. The abscissa, t , is the time
after a pulse of fissions. The ordinate is a quantity derived by obtaining f(t) and then multiplying i t by

t . The units are a contraction of •? . e ° x sec. The solid circles represent the present data as described
fissxon

in the text. The open squares are the data of Peelle et al., (Ref. 5), open circles represent data of Fisher
and Engle, (Ref. 6), and the open triangles are data of Bunney and Sam (Ref. 13). The calculation was carried
out by R. Schenter (Ref. 10) and the ENDF/B-IV data file (Ref. 14).
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IE CAY HEAT MEASUREMENTS

BY FAST-RESPONSE BOIL-OFF CALORIMETRY

J . L. Yarnel l and P. J . Bendt

Los Alamos S c e i n t i f i c Laboratory, Univers i ty of Cal i fornia

Los Alamos, NM 87545

USA

ABSTRACT

A liquid-helium boil-off calorimeter with a 1-s time constant was used
235 5

to measure U fission product decay heat at times between 10 and 10 s
4

following a 2 x 10 s thermal neutron irradiation. The uncertainty in the

data was ̂  2% (1 a) except at the shortest cooling times, where it rose to

•** 4%. Similar measurements on 2 3 9Pu and 2 3 3U in progress.

We report calorimetric measurements of fission product decay heat,

with emphasis on short cooling time. This work is part of a program

sponsored by the D. S. Nuclear Regulatory Commission to provide better

values and reduced uncertainties for the decay heat source term, for use

in reactor safety evaluations, and, in particular, for the analysis of

the Loss-of-Coolant Accident (LOCA).

Calorimetric measurements have the advantage that they are relatively

simple and straightforward, and thus present a minimum opportunity for the

introduction of systematic errors. Their disadvantages are that they pro-

vide only integral information (total decay heat, not B and f spectra), and

that, in general, they tend to have long time constants.

Our measurements were carried out with a cryogenic boil-off calori-

meter. In this technique, decay heat is used to evaporate a cryogen, in

our case liquid helium, and the rate at which boil-off gas is evolved is

measured with a fast—response flowmeter. Since the heat of vaporization

of helium is "known, the amount of decay heat may be calculated from the

boil-off rate. Direct calibration by means of electrical heating provides

a check on these calculations.

Although the idea of boil-off caloriiaetry is an old one, we chose

it because it offered an opportunity to develop a calorimeter with a short

thermal time constant. By operating nearly isothermally, and by taking
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advantage of the large reduction in the heat capacity of solids which occurs

at the temperature of liquid helium (4 K) , we were able to achieve a time

constant of less than one second in a calorimeter which contained a 52-kg

radiation absorber.

239T,.. j 2 33
Samples of * U, vPu, and 2 J 3U, weighing ̂  60 rag and encased in clad-

ding to retain gaseous fission products, were irradiated for 2 x 10 s in
13 2

a constant thermal-neutron flux of 3 x 10 n/cm s. They were then trans-

ferred to the calorimeter inn, I s , and had reached the temperature of liquid

helium after an addition 3 s . Decay heat data were obtained for cooling

times between 10 and 10 s. After the calorimetric measurements were com-

pleted, the number of fissions in the samples was determined radiochemically.

Corrections to the data were made for the leakage of gamma radiation

from the calorimeter (3% maximum) and for the initial transient (3.4% max-

imum). The overall uncertainty (1 a) in the experimental data is estimated

to be *u 2% except at the shortest cooling tines, where it rises to ** 4%

The measurements on U have been completed, and those on Pu and 233U

are in progress.
4

The experimental data for a 2 x 10 s thermal neutron irradiation of
235

"U agree within the errors with summation calculations based on the

ENDF/B-IV data base. The experimental data were extended to the case of

an infinite irradiation by adding the calculated decay heat due to those

fissions which took place before the experimental irradiation interval of

2 x 10 s. The extended data for infinite irradiation are in good agree-

ment with the summation calculation.

Both the extended experimental data and the summation calculations are

significantly ('u 7%) below the current ANS Decay Heat Standard at short

cooling times. This standard, plus 20%, is currently used in reactor safety

evaluations.

A preliminary report of our decay heat measurements was presented

at the Fourth Water Reactor Safety Information Meeting in September, 1976.

A complete description of these measurements is given in The Los Alamos

Scientific Laboratory Report LA-NUREG-6713, July 1977 (in publication).

The details of the experiment and its results are indicated in the

following Figures and in the Table.
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Fig. 1. Heat capacity o^ copper as a function of the absolute temperature.

By operating the calorimeter at 4 K, the heat capacity of the 52 kg copper

absorber was minimized. The temperature was•stabilized by a liquid helium

bath boiling at nearly constant pressure in a reservoir within the copper

absorber. The absorbed decay heat evaporated liquid helium from the

reservoir and a hot-film anemometer-type mass flowmeter measured the evolution

of the boil-off gas. The flowmeter had a time constant of ^ l m s . The

pressure drop across the flowmeter at maximum flow ( ^ 1 l i ter /s ) was

^ 1 torr. This pressure change corresponds to a temperature change of

^1.7 mK in the helium reservoir. Under these conditions, there "is a minimum

storage of thermal energy in the calorimeter, and a fast response time is

possible. The high thermal conductivity of the very pure, well-annealed

copper used for the absorber also contributed to the short time constant.
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Fig. 2, Essential features of the calorimeter, The

copper block, which absorbed > 97% .of the radiation

energy emitted by the sample, was 177.8 mm in diameter,

298.5 mm high, and weighed 52.008 kg. The reservoir in

the top of the block was 3/4 filled with liquid helium.

The block was suspended in vacuum by a 10-mm«-i,d.

thin-wall stainless steel tube which conducted the

boil-off gas to a flowmeter at room temperature. The

tube was also used to insert and remove samples and to

transfer the liquid helium to the reservoir, A heater

in the base of the block was used for calibration and

testing. To prevent heat leak, a copper vacuum jacket,

immersed in an outer liquid helium bath, surrounded the

calorimeter block* A commercial liquids-nitrogen^

jacketed dewar contained the entire assembly. All

electrical leads reaching the calorimeter block

passed through the outer helium bath, which intercepted

heat conducted along them from warmer regions. The

outer helium bath was kept 25mK above the temperature

of the helium in the inner reservoir to prevent the

boil-off gas from condensing on the tube walls after

i t left the reservoir, The boil-off gas was raised to

room temperature in a controlled manner to minimize the

effect of changes of temperature gradients along the

gas-transport tube with boil-off gas flow rate.
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Fig. 3. Calorimeter response to step changes in electrical input. Step

changes in electric heat input to the calorimeter were supplied via the

electric heater embedded in the copper absorber block. For changes between

power levels that were both > 70 mW, the calorimeter response was well repre-

sented by a single exponential function. Ten measurements that included both

increases and decreases in input power yielded a value of 0.85 ± 0.09 s for

the exponential response time. Below 70 mW, the anemometer flowmeter was

no longer accurate. For powers below 70 mW, the boil—off flow rate was

measured using an integrating volumetric flowmeter and a stopwatch. This

caused no problems, since the decay heat was changing very slowly by the

time (̂  3 x 10 s) it had fallen to 70 mW. The electric heater was also

used to determine an absolute calibration curve for the calorimeter. The

calibration curve so obtained was in excellent agreement with one obtained

from absolute gas-flow measurements using the well-known heat of vaporization
235

of helium. The final calibration curve used in the determination of the U

decay heat was a combination of the curves obtained by the two independent

methods. In an additional measurement, the heat leak into the copper block

was determined to be j^ 20 pW under the conditions of the experiment.
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~240 mg A! clad
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u>u>

Sample
Release
Chamber

Fig, 4. Uranium - 235 sample and the system used to

transport it from the irradiation position to the

calorimeter. During irradiation, the sample was held

between the hinged halves of an aluminum dart, which

was clamped together by a tapered steel sleeve. After

irradiation, the dart assembly was blown into the

sample release chamber, where the sleeve was stripped

off and the dart opened as it hit and stuck in a

wooden target. Upon impact, the sample was released,

then fell into the calorimeter through a ball valve

that was opened at the correct time. The sample

reached the liquid helium in the calorimeter ^ 1.5 s

after the start of the ejection. It reached the

temperature of the liquid helium ^ 3 s later. The

ball valve remained open until the puff of gas from

the sample cool-down had escaped; then it was closed,

forcing the boil-off gas to pass through the flow-

meter. During irradiation, helium gas flowed over the

sample and through a charcoal trap near a Nal(Tl)

radiation detector, which gave a prompt and sensitive

indication of any escape of fission gases. Any samples

that leaked were rejected. During the calorimetric

measurements, the samples were at 4 K and all fission

products were solids.
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Fig. 6. Systematic uncertainties (those that do not contribute to the

scatter in the data points at a given cooling time) . The uncertainty in the

number of fissions was estimated from an analysis of the calibration method

used and from consistancy checks with other Laboratories. The initial-

transient correction, consisted of (1) subtraction of the signal from an

irradiated aluminum dummy sample and (2) an analytic correction based on the

0.85 s time constant of the calorimeter. The total initial-transient

correction was assigned an uncertainty of 50% of its value. The gamma escape

correction was assumed known to 15% of its value at the shortest cooling

times, and to 10% of its value for cooling times > 70 s. The flowmeter

calibration curve uncertainty was estimated from the accuracy of the

calibration standards and from the scatter of the calibration points around

the fitted calibration curve. Flow measurements for t > 60 000 s were made

using an integrating volumetric flowmeter. Its uncertainty is shown by a

separate part of the curve. Because they are uncorrelated, the total syste-

matic uncertainty, o* , was taken to be the EMS sum of the individual

systematic uncertainties.
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» 5t Fission-product gamma spectrum (left) measured at a mean cooling time of 660 s after a
4 235

2 x 10 s U irradiation. The solid curve was obtained from the ENDF/B-IY data base using a

summation calculation. The correction for gamma escape from the calorimeter (right) was ob-

tained from ten measured spectra using a Monte Carlo gamma transport calculation.
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Fig. 7. Total uncertainty, a, in the experimental data as estimated from

the systematic uncertainty, O , (Fig. 6.) and the RMS scatter, S, in the meas-

urements made on different samples at the same cooling time. For most cooling

times, data were obtained from three samples. When there were fewer than

three data points, S was calculated by estimating the missing data points

using nearby values from the same sample. Values of S larger than those

shown on the curve were obtained for cooling times near 7000 s after the

calorimeter was refilled with liquid helium. These times are indicated by

dotted portions of the graph of S. The correct values were used in preparing

Table I. To compensate for the small number of samples used (three), the

experimental values of S were increased by a factor of 1.3 when the total

uncertainty was calculated. All stated uncertainties are intended to

represent one standard deviation of a normal distribution.
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2x10 s trradtatton-

• Experiment
— CtNDER-10 calculation with

ENDF/B-32: data

10 100 1000

Cooling Time (s)

IOJ

Fig. 8. Experimental and calculated decay heat for a 2 x 10 s irradiation
235

of U at constant thermal-r-neutron flux. The calculations used the ENDF/B-IV

data "base as listed and corrected by England and Schenter in Los Alamos

Scientific Laboratory Report LA-6116-MS (ENDF-223). Measurements and

calculations indicate that, under the conditions of the experiment, neutron

capture in fission products, fission of U, and production of U and
239

Np were all negible. The calorimetric measurements were normalized to the

fission rates in the samples determined by counting selected fission products
99 140

subsequent to the caloriraetric measurements. The isotopes Mo and Ba were
95 99

beta-counted in chemically separated aliquots of the sample; Zr, Mo
140 141 147 *

Ba-La, Ce, and Nd were gamma-counted in an unseparated aliquot.
The fission determinations were calibrated against direct fission counting.
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Fig. 9. Ratio of Experimental to calculated decay heat for a 2 x 10 s
235

U irradiation. To emphasize the small differences in the results shown

in Fig. 8, the experimental data points have been divided by the summation

calculation for the same cooling time and the ratios have been plotted on

an expanded scale. The differences are well within the combined uncertainties

for the experiment and the calculation.

- 339 -



T—:—pr-rrT

I i »t'

U Thermal fission
infinite irradiation

Experiment (ext. to inf. irrad.)

CINDER-IO calculation with
ENDF/B-EE data

— ANS standard (1971, Rev 1973)

I i ' 11,

10 too 1000

Cooling Time (s )
I04 10"

1310» D e c ay h e a t for infinite (Id13 s) thermal-neutron irradiation ofg

U at constant fission rate without neutron capture in fission products.

The experimental data points have been extended to infinite irradiation by

the addition of summation calculations made using the ENDF/B-IV data base.

The calculational contribution to the infinite-irradiation decay heat was

16% at t = 10 s, 51% at t = 2500 s, and 95% at t = 105 s. Also shown are

the summation calculation and the present ANS Decay Heat Standard for

infinite irradiation. It may be seen that the extended experimental data

are in good agreement with the summation calculation, and.are 7% below

the standard at short cooling times. Moreover, the uncertainty associated

with these measurements and calculations is significantly lower than that

assigned to the standard. The ANS standard plus 20% is currently used for

the decay heat source term in reactor safety evaluations.
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TABLE
235.

EXPERIMENTAL AND CALCULATED DECAY HEAT FOR THE PRODUCTS OF THERMAL FISSION OF " U.

C o o l i n g
Time
(s)

10

15

20

25

30

35

4 0

45

5 0

55

6 0

65

70

75

80

85

90

95

100

310

120

130

140

150

160

170

180

190

2 0 0

250

300

350

400

4 50

5 0 0

600

700

800

900

1000

Experimental
Decay
Heat

(MeV/fiss)

8.10

7.38

6.933
6.595

6.335
6.109
5.920
5.758
5.614

5.481
5.358
5.244
5.141
5.047

4.958
4.881

4.806
4.734
4.667
4.544
4.426
4.339
4.2S1
4.170
4.092
4.021
3.960
3.899
3.841
3.608
3.419
3.265
3.135
3.022
2.920
2.746
2.598
2.474

2.363
2.264

2 x 104 s

Experiaental
Uncertainty

(1 o in \)

4 . 1

3 . 0

2 .6

2 . 4

2 . 3

2.2

2 . 1

2 . 1

2 . 0

2 . 0

2 . 0

1 . 9

1 . 9

1 . 9

1 . 8

1 . 8

1 . 8

1 . 8

1 . 8

1.8

1 . 7

1 .7

1 . 7

1 . 7

1.7

1 . 7

1 . 7

1 . 6

1 . 6

1 .6

1 . 6

1 . 6

1 . 6

1 . 6

1 . 6

1.5

1 . 5

1 . 5

1.5

1 . 5

Irradiation

Calculated
Decay Heat Ratio
using CINDER-10 Exp/Calc
and ENDF/B-IV Decay
(MeV/fiss) Keat

7.780
7.239

6.842
6.531

6.276
6.060
5.873
5.709

5.562
5.429
5.309
5.198
5.097

5.003

4.915
4.834

4.758
4.686
4.619

4.496
4.385
4.286
4.195
4.112
4.035
3.964
3.899
3.838
3.780
3.541

3.355
3.205
3.073
2.969
2.873
2.709

2.572
2.455
2.351

2.258

1.041
1.019

1.013

1.010

1.009

1.008

1.008

1.009

1.009

1.010

1.009

1.009

1.009

1.009

1.009

1.010

1.010

1.010

1.010

1.011

1.009

1.012

1.013

1.014

1.014

1.014

1.016

1.016

1.016

1.019

1.019

1.019

1.019

1.018

1.016

1.014

1.010

1.008

1.005

1.003

Experimental
Decay Heat

Extended by
CINDER-10

and
ENDF/B-IV

(MeV/fiss)

9.65

8.93

8.480

8.142

7.882

7.656
7.467

7.305
7.160
7.027
6.904

6.790
6.687
6.593
6.504

6.427

6.351
6.279
6.212
6.089

5.971
5.884
5.795
5.714
5.636
5.565

5.503
5.442
5.384
5.150
4.960
4.805
4.673
4.559
4.456
4.280
4.130
4.004

3.890
3.789

Infinite Irradiation

Experimental

Uncertainty
(1 o in %)

3 . 5

2 . 5

2.2

2 . 0

1 . 9

1 . 8

1.7

1 . 7

1 . 6

1 . 6

1 . 6

1 . 5

1.5

1.5

1 . 5

1 . 4

1 . 4

1 . 4

1 . 4

1 . 4

1 . 4

1 . 4

1 . 4

1 .4

1 . 4

1 . 3

1 .3

1 . 3

1 . 3

1 . 3

1 . 3

1 . 3

1.3

1 . 3

1 . 3

1 . 2

1 . 2

1 . 2

1 . 2

1 . 2

Calculated
Decay Heat
using CINDER-10
and ENDF/B-IV
(MeV/fiss)

9.327

8.786

8.389

7.420

6.855

6.461

6.164

5.655

5.323

4.616

4.243

3.984

3.785

Ratio
Exp/Calc

Decay
Heat

1.035

1.016

1.011

1.006

1.007

1.007

1.008

1.010

1.011

1.012

1.009

1.005

1.002
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TABLE

(continued)

Cooling
Tise
(s)

1100

1200

1300

1400

1500

1600

1700

1800

1900

2000

2500

3000

3500

4000

4500

SOOO

6000

7000

8000

9000

10000

15000

20000

25000

30000

62183

100000

Experimental
Decay
Hear

[MeV/fiss)

2.173

2.093

2.020

1.950

1.SS6

Ii827

1.773

1.721

1.671

1.627

1.431

1.283

1.166

1.067

0,9308

0.9111

0.7993

0.7195

0.6480

0.5886

0.5402

0.3803

0.2918

0.2359

0.1947

0.0823

0.0454

2 x 10* s

Experimental
Uncertainty
(1 o in %)

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

1.5

2.3

2.0

1.6

1.6

1.7

1.8

2.0

2.2

2.3

2.2

2.2

Irradiation

Calculated
Decay Heat Ratio
using CINDER-10 Exp/Calc
and ENDF/B-IV Decay
(MeV/fiss) Heat

2.174

2.098

2.027

1.962

1.901

1.845

1.791

1.741

1.694

1.650

1.460

1.311

1.191

1.092

1.008

0.9362

0.8198

0.7287

0.6553

0.5948

0.5440

0.3778

0.2874

0.2311

0.1923

0.0832

0.0455

1.000

0.998

0.997

0.994

0.992

0.990

0.990

0.989

0.986

0.986

0.980

0.979

0.979

0.977

0.973

0.973

0.976

0.987

0.989

0.990

0.993

1.007

1.015

1.021

1.012

0.989

0.998

Experimental
Decay Heat
Extended by
CINDER-10

and
ENDF/B-lv
(MeV/fiss)

3.696

3.614

3.539

3.467

3.401

3.340

3.284

3.229

3.177

3.131

2.925

2.768

2.641

2.533

2.438

2.360

2.231

2.135

2.049

1.975

1.912

1.691

1.552

1.453

1.375

1.105

0.971

Infinite Irradiation

Experimental

Uncertainty
(1 a in \)

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.2

1.3

1.3

1.3

1.3

1.3

1.3

l.S

1.5

1.5

l.S

l.S

1.6

1.7

1.7

1.7

1.9

1.9

Decay Keat
.fron CI.NDER-10
6 ESDF/B-IV
fMeV/fiss)

3.416

3.154

2.557

2.251

2.056

1.916

1.689

1.547

0.969

Ratio
Ex?/C«lc
Decay
Heat

0.996

0.993

0.991

0.991

0.997

0.998

1.C01

1.003

1.002

Calculated on the assunptions that the calculated infinite irradiation decay heat curve has 2% uncertainty for

s, and that this uncertainty is uncorrelated with the experimental uncertainty.
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