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ABSTRACT 

This handbook contains nuclear data needed by safeguards users for their 
work. It was initiated by an IAEA Working Group. The contents were defined 
by the replies to a questionnaire sent to safeguards specialists, and 
restricted by the availability of evaluated nuclear data. This revised 
edition was updated after review of the preliminary issue by safeguards and 
nuclear data experts and when updates of nuclear data libraries were released. 

The handbook contains the following basic nuclear data: 

actinides: nuclear decay data 
thermal neutron cross sections and 

resonance integrals 
prompt neutron data 
delayed neutron data 

fission products: nuclear data 
thermal neutron capture cross sections and 

resonance integrals 

fission product yields 
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FOREWORD 

This handbook was initiated by an IAEA working group, and the contents 
were defined by the replies to a quiestionnaire sent to safeguards experts, 
as outlined in the preliminary edition (INDC(NDS)-248, June 1991; see in 
particular Appendix A). The preliminary edition of the handbook was 
distributed to safeguards and nuclear (and other) data specialists for review. 

The replies and comments on the preliminary edition received from 
experts did not contain major changes or suggestions for new sources of 
nuclear and other data. Therefore we waited with the update of the handbook 
until revisions and updates of the major data files and other sources of 
nuclear data became available. 

This edition contains no additional tables. The data have been revised 
in accordance with suggestions and comments received from experts and the 
latest available nuclear data. Again, each set of tables is preceded by 
explanations, information on the data selection, the sources of data used and 
the availability of complete data files. The Handbook is also available in 
a PC version, which was used for updating the handbook, and which can be 
obtained on diskette in a slightly different format from the Nuclear Data 
Section (see introduction for the address). 

Acknowledgement 

We would like to thank S. Aung, M.M. Seits and M. OIConnell, who have 
helped to produce the preliminary as well as the final version of the 
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diskette. 

Contact 

Scientists who wish to be included in the distribution list for this 
handbook, should contact M. Lammer at the address given below. Then they will 
also automatically receive all later revisions and amendments to the handbook. 
Any mistakes found, comments or suggestions for additions should also be 
communicated to this address. 

M. Lammer 
Nuclear Data Section 
International Atomic Energy Agency 
P.O. Box 100 
A-1400 Vienna 
(Austria) 



INTRODUCTION 

This handbook contains recommended values of nuclear data needed for the 
development and application of safeguards nuclear materials accounting 
techniques. We have included only those data that were requested by 
safeguards users and which were readily available to us. The data given are 
grouped in 3 sections: Section A contains decay data, thermal neutron cross 
section data, resonance integrals and data on neutron emission in fission for 
actinide isotopes. Section B contains decay data and thermal neutron cross 
section data of fission product nuclides. Section C contains fission product 
yield data. 

We have used the following criteria for selecting the data for the 
handbook: When available, we have generally given preference to data 
recommended by international committees or working groups. When such data 
were not available or superseded by more recent values, generally available 
data files were used. When different values were found in different data 
files, we have given preference to data with uncertainties, or to the most 
recent suitable values. In the case of fission yield data, a group of 
specialists recomended not to give a single "best" data set; considering the 
different existing views on data evaluation methods in this case, two data 
sets have been included. 

Introductory pages to the data tables give further explanations, 
arguments for the selection of the recommended values (special remarks are 
given in footnotes), references of the sources of data and information on the 
availability of larger or complete data sets that are not included in the 
handbook. 

Users of this handbook who wish to receive complete data files, can 
either request them on magnetic tape or PC diskette from one of the four 
regional Nuclear Data Centres, or use their on-line services for direct 
retrieval of some of the data files. Further information can be obtained from 
the Nuclear Data Centres (see their addresses below). 

The handbook is also available as a PC version 'SGNucDat' from the IAEA 
Nuclear Data Section (see address below) together with guidelines for its use. 
It can be used to display the data contained in the handbook, and to perform 
data searches, selections and different sortings, on a PC or laptop. 

For USA and Canada: 

National Nuclear Data Center 
Brookhaven National Laboratory 
P.O. Box 5000 
Upton, N.Y. 11973-5000 
USA 
INTERNET: SERVICES@BNL.GOV 

For former USSR countries: 

Centr po Jadernym Dannym 
Fiziko-Energeticheskij Institut 
Ploschad Bondarenko 
249020 Obninsk, Kaluga Region 
RUSSIA 
INTERNET: MANOKHIN@CJD.OBNINSK.SU 

For other OECD countries: 

NEA Data Bank 
Le Seine Saint-Germain 
12 Blvd. des Isles 
F-92130 Issy-les-Moulineaux 
FRANCE 
INTERNET: NEA@NEA.FR 

For all other countries: 

IAEA Nuclear Data Section 
P.O. Box 100 
A-1400 Vienna 
AUSTRIA 
INTERNET: SERVICES@IAEAND.IAEA. OR. AT 



SECTION A: ACTINIDE NUCLEAR DATA 

A-1: Half-lives and decay branching fractions 

Descri~tion of table entries: 

decay mode: a alpha decay IT isomeric transition 
p- beta decay SF spontaneous fission 
ec electron capture T total half-life 

units: s second 
m minute 
h hour 

d day 
Y year = 365.2422 days 

re1 err: relative la uncertainty (in 8 )  

branching: given for each decay mode (should sum up to 100%) 

+ n 
exponents: read Efn as 10- 

Source of data: 

The tabulated data have been extracted from a data set recommended by 
participants of an IAEA Co-ordinated Research Programme (CRP). The complete data 
set is published in: IAEA Technical Report Series No. 261 (~~I/D0~/10/261), pp.154- 
159 (1986). 

The data were revised in October 1997. Updated values of half-lives and 
branching ratios were taken from the ENSDF file, revision of May 1997, and the 
compilation by R.B. Firestone and V.S.Shirley (Ed.) "Table of Isotopes", 8th 
edition, New York, J-Wiley & Sons, Inc., 1996. 

Table A-1 





* )  Note: 100% decay of Pb-212 to the 6.055 min ground state of Bi-212. 



A-2: Alpha radiation energies and emission probabilities 

Descri~tion of table entries: 

The second column gives alpha energies and their errors in keV for the 
nuclides listed in the first column. The third column gives alpha emission 
probabilities and their uncertainties (la) in percent per decay. 

Source of data: 

The tabulated data have been extracted from a data set recommended by 
participants of an IAEA Co-ordinated Research Programme (CRP) on "Decay data of the 
transactinium nuclides" (1978-1984). The complete data set is published in IAEA 
Technical Report Series No 261 (s~I/D0~/10/261), pp.167-170 (1986). 

Note: The data were revised and updated in October 1997. The source of new data 
is the ENSDF file, revision of May 1997. 

T a b l e  A-2 









A-3: Gamma ray energies and emission probabilities 

The t a b l e  d o e s  not c o n t a i n  y - rays  from d a u g h t e r  p r o d u c t s  i n  e q u i l i b r i u m .  

D e S c r i ~ t i o n  of  t a b l e  e n t r i e s :  

The second column g i v e s  y-ray e n e r g i e s  and t h e i r  e r r o r s  i n  kev f o r  t h e  n u c l i d e s  
l i s t e d  i n  t h e  f i r s t  column. The t h i r d  and f o u r t h  columns g i v e  y-ray e m i s s i o n  
p r o b a b i l i t i e s  and t h e i r  u n c e r t a i n t i e s  ( l a )  i n  pe rcen t  p e r  decay and r e l a t i v e  e r r o r s  
( i n  8 )  i n  b r a c k e t s  ("re1 err"). I n  genera l ,  y-rays wi th  e n e r g i e s  below 50 kev were 
o m i t t e d ,  a s  t h e y  a r e  n o t  measured i n  a p p l i e d  NDA. 

Source  o f  d a t a :  

For t h e  r e v i s i o n  of October 1997, t h e  new d a t a  were t a k e n  from t h e  ENSDF f i l e ,  
r e v i s i o n  of  May 1997. Most of  t h e  o r i g i n a l  d a t a  ( p r e l i m i n a r y  v e r s i o n )  were 
superseded and rep laced  i n  t h e  t a b l e .  The o r i g i n a l  d a t a  were e x t r a c t e d  from a  d a t a  
s e t  recommended by p a r t i c i p a n t s  of  an  IAEA Co-ordinated Research Programme (CRP) 
on "Decay d a t a  of  t h e  t r a n s a c t i n i u m  nuc l ides" ,  p u b l i s h e d  i n  t h e  IAEA T e c h n i c a l  
Repor t  S e r i e s  No 261 ( s T I / D o c / ~ ~ / ~ ~ ) ,  pp.162-166, ( 1 9 8 6 ) .  

T a b l e  A-3 











* )  Internal conversion not considered. 



A - 4 :  X-ray energies  and i n t e n s i t i e s  

Description of table entries: 

First column: the element considered, followed by the type of the X-ray 
transition. Only K X-rays are included as the energies of other X-rays are too low 
to be visible in y-ray spectra. 

The following notation for X-ray transitions is used (e.g. K a1 = Siegbahn 
notation, K-L,= associated initial - final shell vacancy): 

Group designations: K pl' = K Dl + K P3 + K P5 
K P Z f = K P 2 + K P 4 + K O + K P  

The energies of individual X-rays and mean energies of groups are given in 
column 2. 

The X-ray intensities per 100 K-shell vacancies are given in column 3. The 
X-ray intensities per 100 decays of the nuclide given are listed in columns 4 to 
6, where the following notation is used: 

a = alpha decay P- = beta decay ec = electron capture 

Source of data: 

Table of Radioactive Isotopes, E. Browne, R.B. Firestone (V.S. Shirley, 
editor), publ. by John Wiley & Sons, USA, 1986. The tables used are: 

(a) A-chain tables, pp.208 ff. : for X-ray group energies and decay 
intensities (columns 4-6). 

(b) X-ray tables, pp.C-19 to C-24: for notation and all other data. 

Note: The data were revised in October 1997. The new "Table of Isotopes", 8th 
Edition, R.B. Firestone, V.S. Shirley (Ed.), J. Wiley & Sons, Inc, USA, 1996 
contains in vo1.2, pp. F-42 to F-77 the same data as (b) above. However, the data 
(a) above are not contained therein. Therefore the old "Table of Radioactive 
Isotopes" is also used here. 

Table A-4 











A-5: Thermal neutron cross sections, resonance integrals 
and related parameters 

This table contains thermal neutron cross sections, Westcott g-factors and 
resonance integrals for capture and fission (if significant). All data are taken 
from [l] unless indicated by footnotes, as this source gives uncertainties which 
are not included in the more recent data files ENDF/B-6 (only sometimes included 
in the text information) or JENDL-3. 

Descri~tion of table entries: 

The second column describes the thermal neutron cross section of the 
following type: 

a, 2200 m/s cross section 
o Maxwellian average cross section (kT = 0.0253 eV) 
a, cross section in a thermal reactor neutron spectrum 
m cross sectionleadingtoametastable state ofproduct 
g cross section leading to ground state of product 
m+g sum cross section 
g: Westcott g-factor for the deviation of the cross section from the l/v 

shape for a Maxwellian neutron spectrum with kT = 0.0253 eV 

Resonance Integral: Infinite dilution resonance integral including the l/v part 

Source of data: 

[I] S.F Mughabghab, Neutron Cross Sections Vol. 1:Resonance Parameters and 
Thermal Cross Sections, Part B: Z = 61-100; Academic Press, NY, 1984 

ENDF/B-6: the US Evaluated Nuclear Data File, version 6 

JENDL-3: the Japanese Evaluated Nuclear Data Library,version 3 

The data were revised in October 1997. The revised data were taken from the 
October 1996 revision of the ENDF/B-6 Standards File (NNDC Brookhaven, USA). The 
evaluated data files of complete o(E) data, ENDF/B-5 and JENDL-3 are available from 
the 4 Data Centres (see Introduction) upon request. 

Table A-5 



I) JENDL-3 d a t a  a r e  u s e d .  T h e r e  i s  a  d i s c r e p a n c y  be tween ENDF/B-6 a n d  
JENDL-3; no  v a l u e  g i v e n  by Mughabghab [ I ]  

94-Pu-238 162 .  f 1 5 .  

94-Pu-238 1 7 . 9  f  0 . 4  33. f 5 .  

94-Pu-239 271.43  f  2 .14  
747 .99  f 1 .87  

94-Pu-240 2 8 9 . 5  f  1 . 4  8100.  f 200.  

94-Pu-241 361.29  f 4 .95  
1012.68  f 6 .58  1 . 0 4 6  f  0 .006  

94-Pu-242 1 8 . 5  f 0 . 5  1115 .  f  40. 

95-Am-241 

a, (m+g) - c a p t  587.  1425.  f 100 .  
3.20 f  0 .09  1 4 . 4  f 1 . 0  

a ,-capt  5500.  391 .  I 1  

1 c a l c u l a t e d  f rom o ( a b s )  and  g ( a b s ) ,  574 .7  f 1 . 0  b  a n d  0 .9996  f  0 .0011,  
r e s p e c t i v e l y  

95-Am-242m 

95-Am-243 

96-Cm-242 

96-Cm-243 

96-Cm-244 

1 a, c r o s s  s e c t i o n s  f o r  c a p t u r e  a n d  f i s s i o n  t a k e n  f rom ENDF/B-6 s t a n d a r d ,  R I  
v a l u e s  t a k e n  f rom JENDL-3 

c a l c u l a t e d  f rom a ( a b s )  and  g ( a b s ) ,  1019.42  + 2 . 9  b  and  1 .0768  f 0 .003 ,  
r e s p e c t i v e l y  

o - c a p t  2000.  k600. 
a , - f i s s  6950.  f 2 8 0 .  

0,-capt  7 5 . 1  f 1 . 8  
a - f i s s  0 .1983f  0 .0043 

a - c a p t  1 6 .  f 5 .  
a , - f i s s  5 .064  1 

0,-capt 130 .  f  1 0 .  
a , - f i s s  617.  k  20 .  

a , -capt  1 5 . 2  f  1 . 2  
0 , - f i s s  1 . 0 4  f  0 .20  

Mughabghab's  [ I ]  v a l u e  n o t  i n  ag reemen t  w i t h  ENDF/B-6 (620  f 1 3  b )  

1 v a l u e  f r o m  JENDL-3; no v a l u e s  g i v e n  i n  [ l ]  and  ENDF/B-6 

1 . 1 0 4  

1 . 0 1 4  

1 . 0 0 5  
1 .0054 

0 .999  
0.989 

' 1 JENDL-3 c o n t a i n s  more r e c e n t  c a p t u r e  d a t a ,  b u t  w i t h o u t  u n c e r t a i n t y :  
a,=37.0 b a r n ,  RI=445 b a r n .  

246 .  1 
1800 .  f  65 .  

1820.  f  7 0 .  
9 .  f  1. 

1 1 0 .  f  20 .  
20 .0  1 

215.  f 20.  
1570.  f 100 .  

650 .  - + 30.  
1 2 . 5  f 2 . 5  



A-6: Average number of neutrons emitted per fission(F) 

Averaae number of total and Drom~t neutrons: 

The average numbers of total neutrons for thermal neutron induced fission of 
U-233,235, Pu-239,241 and spontaneous fission of Cf-252 are taken from the most 
recent version of the internationally agreed standards file [I]. The prompt 
neutron data for the same reactions were calculated from the total and delayed 
neutron data. 

For the other nuclides the average numbers of total and prompt neutrons for 
thermal neutron induced and spontaneous fission, which are identical within their 
uncertainties, are taken from [2], which is the only and most recent source that 
contains all these data. In the evaluation [ Z ] ,  all data were normalised to C of 
U-235 thermal neutron induced fission and Cf-252 spontaneous fission. The 
normalisation values used in [2] are almost identical to the standard values from 
[I]. 3 data as a function of incident neutron energy are included in the large data 
files, (e.g. ENDF/B-6 or JENDL-3). Some formulae of the energy-dependence can be 
found in [6], e.g. for U-235, U-238 and Pu-239. 

No evaluations of total or prompt ? data from fission in a fast reactor or 
fission neutron spectrum are available. 

Averaae number of delaved neutrons: 

The total delayed neutron yield is listed in the last column. A recent 
OECD/NEA committee meeting recommended [5] the use of delayed neutron yields 
evaluated from direct measurements rather than those obtained from summation 
calculations. (In the latter method, delayed neutron yields are derived from 
individual delayed neutron precursor data and fission yields, and there the charge 
distribution, which is uncertain in many cases, has a significant effect on the 
results.) Following this recommendation, the data of Tuttle [3], partially updated 
[5] by results of new measurements, are chosen for the tables. Recent results from 
summation calculations [4] are used for nuclides where no data are given in [3,5]. 

Source of data: 

[I] ENDF/B-6 Standards file 1990 (available from Nuclear Data Centres upon 
request, when requested from NDS: documentation and data are in IAEA-NDS-88 
see the help-pages for further informations). 

[2] N.E. Holden and M.S. Zucker, Int. Conf. on Nuclear Data for Basic and Applied 
Science, Santa Fe, New Mexico, USA, 13-17 May 1985, proceedings p.1631. 

[3] R. J. Tuttle, INDC(NDS)-107 (1979) 29 

[4] R.W. Mills, Thesis, University of Birmingham (UK), March 1995: the most 
recent UKFY3 fission yields have been used. 

(51 J. Blachot et al., "Status of Delayed Neutron Data - 1990", report 
NEACRP-L-323 (1990) 

[6] J-Frehaut, "Coherent Evaluation of Cp for U-235, U-238 and Pu-239", Report 
NEANDC(El238 (INDC(Fr)67), 1986. 

ENDF/B-6: the US Evaluated Nuclear Data File, version 6 

JENDL-3: the Japanese Evaluated Nuclear Data Library,version 3 

The evaluated data files of complete v data, as part of ENDF/B-6 and JENDL-3, 
are available from the 4 Data Centres (see Introduction for further information) 
upon request. 



Table A - 6 . 1 :  Average numbers of total, prompt and delayed neutrons from thermal 
neutron fission of U-233,5, Pu-239,41, Am-241, Cm-243,5 and 
spontaneous fission of Cm-242,4, Cf-252 

Table A-6 .2 :  Average numbers of delayed neutrons from fission in a fast reactor 
neutron spectrum 



A-7: Prompt neutron multiplicity distributions P ( v )  

There are only 2 sets of evaluated prompt neutron multiplicity distributions 
for thermal neutron induced and spontaneous fission known to us. The data are 
reproduced below (no new data since preliminary issue). 

Table 7.1: P ( v )  values for thermal neutron induced fission (with uncertainties) 

Source of data: 

N.E. Holden and M.S. Zucker, Nucl.Sci.Eng. 98 (1988) 174 

Table 7 . 2 :  P ( v )  values for spontaneous fission (without uncertainties) 

Source of data: 

N.E. Holden and M.S. Zucker, Int. Conf. on Nuclear Data for Basic and Applied 
Science, Santa Fe, New Mexico, USA, 13-17 May 1985; proceedings p. 1631. 



A-8: Delayed neutron six-group parameters 

An OECD/NEA committee recommended [I] the group parameters from the summation 
calculations of Brady and England [2] because of the overall consistency of the 
data and because the overall differences with experimental results (like [3]) were 
small enough so that the data of [2] can be used without sacrificing accuracy. 
Following this recommendation and because there was no new evaluation since then, 
we have adopted the group parameters of [2]. No evaluated group parameters for Cm- 
242,243,244 are presently available. 

Descrivtion of table entries: 

X = delayed neutron group decay constant 
a = ratio (del.neutron group yield)/(total del.neutr. yield) 
yield = delayed neutron group yield (in % per fission) 

References: 

[l] J. Blachot et al., "Status of Delayed Neutron Data - 1990", report NEACRP-L- 
323 (1990) 

[2] C.M. Brady and T.R. England, Nucl.Sci.Eng. 103 (1989) 135 
[3] G.R. Keepin, "Physics of Nuclear Kinetics", Addison-Wesley Publishing Co., 

Reading, Mass. (1965), tables on pages 86, 87 and 90 

Table A-8: Delayed neutron six-group parameters from [ 2 ]  

------------ ----------- .......................... ----------- --------------. 

h (see-l) 1 a I yie ld  ( % )  X(sec-l) 1 a [ y ie ld  ( O )  ------------ ----------- --------------.------------ ----------- 
90-Th-232 f a s t  92-U-233 thennal 

0.0131 0.0364 0.1933 0.0129 0.0674 0.0450 
0.0350 0.1259 0.669 0.0333 0.1927 0.1285 
0.1272 0.1501 0.1163 0.1383 0.0922 
0.3287 0.1866 
0.9100 0.0752 
2.8206 0.0808 0.429 2.3751 0.2091 0.1395 

90 -U-235 thennal 92-U-238 f a s t  
0.0133 0.0380 0.0631 0.0136 0.0139 0.0610 
0.0325 0.1918 0.318 0.0313 0.1128 0.495 
0.1219 0.1638 0.272 0.1233 0.1310 0.575 
0.3169 1.691 
0.9886 1.115 
2.9544 0.0890 0.1031 0.453 --------------. 

94-Pu-238 f a s t  94-Pu-239 thermal 
0.0133 0.0377 0.0177 0.0133 0.0306 0.02001 
0.0312 0.2390 0.112 0.0301 0.2623 0.1715 
0.1162 0.1196 
0.2888 0.2147 
0.8561 0.1590 0.0969 
2.7138 0.0504 0.0237 2.6224 0.0479 0.0313 --------------. 

94-Pu-240 f a s t  94-Pu-241 thermal 
--------------. 

0.0133 0.0320 0.0304 0.0137 0.0167 0.0254 
0.0305 0.365 
0.1152 0.224 
0.2974 0.3301 0.3078 0.3430 0.521 
0.8477 0.1795 0.8569 0.1898 0.288 
2.8796 0.0547 0.0520 3.0800 0.0627 0.095 



A(sec-') 1 ar 1 yie ld  ( % )  ----------- 
95-Am-241 thermal 

98-Cf-252 spontaneous 

0.0136 0.0124 0.0107 
0.262 
0 .156  

0.3024 0.2992 0.257 
0.8173 0.1729 0.149 
2.6159 0.0290 0.0249 



SECTION B :  FISSION PRODUCT NUCLEAR DATA 

The table below lists the fission products for which half-lives (T%), y-ray 
data and capture cross sections (0) as well as branching fractions to isomeric 
states in decay (br) and neutron capture (not indicated below) are given in this 
Section. 

Br- 8 5 

Kr- 8 5m + 11 Ba-140 + + 

'1 Stable isotopes for mass spectrometric measurements 

Nuclides with A=147-153 are included for calculating the formation of Eu-154. 



B-1: Hal f - l ives  and decay branching f r a c t i o n s  

Table B-1.1: Half-l ives and decay mode branching 

D e s c r i v t i o n  o f  t a b l e  e n t r i e s :  

decay  mode: b- b e t a  decay 
IT i s o m e r i c  t r a n s i t i o n  
e c  e l e c t r o n  c a p t u r e  

u n i t s  : s second d  day 
m minu te  y  year=365.2422 d a y s  
h hour  

re1 e r r :  r e l a t i v e  e r r o r  ( i n  8 )  

b r a n c h i n g :  g iven  f o r  each decay mode ( s h o u l d  sum up t o  1 0 0 % )  

Source  of  d a t a :  

ENSDF f i l e .  S e l e c t e d  n u c l i d e s  t a k e n  from IAEA-TECDOC-619, September,  1991. 



Table B-1.2: Branching to daughters 

Branching fractions are given for some important daughter products. 

Source of data: E N S D F  file 

' )  Branching to ground state = 100-branching to metastable state 



B-2: Gamma ray energies and emission probabilities 

Descri~tion of table entries: 

lst column: fission product nuclide 
2nd column: y-ray energies and their uncertainties in keV 
3rd column: y-ray emission probabilities and their lo uncertainties in percent per 

decay and relative uncertainties (in % )  in brackets. 
4th column: systematic (relative) error contributions (in % )  from conversion of 

relative to absolute intensities for each nuclide (included in the 
errors given in the 3rd column. ) 

Source of data: 

E. Browne, R.B. Firestone: Table of Radioactive Isotopes (V.S. Shirley, ed.), John 
Wiley & Sons, NY, 1986. Updates to this handbook from the Berkeley decay data file 
(data derived from ENSDF), E. Browne, private communication, 1986/87. 

Note: The data were revised in October 1997. Updated values of energies and 
emission probabilities were taken from the ENSDF data file as retrieved by MEDLIST 
program, the version dated May 1997. 

T a b l e  B-2: 









B-3: Thermal neutron capture cross sections and resonance 
integrals 

The main reference used for fission product cross section data are the 
evaluations by Gryntakis [l] and Mughabghab [2,3]. The more recent data files 
ENDF/B-6 [7] or JENDL-3 [6] were rarely used because they do not contain data 
uncertainties (except in the text information for some nuclides in ENDF/B-6). The 
compilation by De Corte [4] was not used (except in one case) because recommended 
data are not given for all fission products. 

The thermal cross sections in [I] agree with those in [2] or [3] in almost 
all cases, and the values are taken from [I] (more recent) unless indicated by 
footnotes. 

The agreement for resonance integrals is not so good. In cases of 
differences the data were selected by comparison to ENDF/B-6 and JENDL-3 and/or by 
one of the following criteria (special cases are indicated by footnotes): 

The values of [l] were chosen when: 

no resonance integral is given in [2] or [3], or 
more recent measurements were included in [I], or 
the resonance integral given in [2] or [3] was calculated from 
resonance parameters, but did not include more recent measurements. 

The values of [2] or [3] were chosen when: 

more recent measurements were included, or 
the value in [I] was deduced from old measurements only, and the value 
in [2] or [3] was calculated from resonance parameters (indicated by "C") 
which often included more recent measurements. 

NOTE: The data were revised in October 1997. Comparison was made with the most 
recent libraries JEF-2.2 and JENDL-3.2. The changes were made only in cases when 
new measurements justified them. 

Descri~tion of table entries: 

The second column describes the thermal neutron cross section of the 
following type: 

00 2200 m/s cross section 
(7 Maxwellian average cross section (kT = 0.0253 eV) 
or cross section in a thermal reactor neutron spectrum 
m cross section leading to a metastable state of product 
g cross section leading to ground state of product 
m+g sum cross section 

Resonance Integral: Infinite dilution resonance integral including the l/v 
part, "Ref." gives the source of the tabulated resonance integral, "C" stands for 
calculation from resonance parameters. 

Source of data: 

[I] G. Gryntakis et al., Thermal Neutron Cross Sections and Infinite Dilution 
Resonance Integrals, in "Handbook on Nuclear Activation Data", IAEA Technical 
Report Series No. 273 (1987), page 199 

[2] S.F. Mughabghab et al., Neutron Cross Sections Vol. 1: Resonance Parameters 
and Thermal Cross Sections, Part A: Z=1-60; Academic Press, NY, 1981 

[31 S. F. Mughabghab, Neutron Cross Sections Vol. 1: Resonance Parameters and 
Thermal Cross Sections, Part B: Z=61-100; Academic Press, NY, 1984 



[4] F. De Corte et al., J. Radioanal.Nuc1.Chem. 133(1989)53 

[5] JEF-2.2 : the Joint European File, NEADB, Paris 

[6] JENDL-3.2: the Japanese Evaluated Nuclear Data Library 

[7] ENDF/B-6: the US Evaluated Nuclear Data File, version 6 

The evaluated data files of complete a(E) data, ENDF/B-6 and JENDL-3.2 are 
available from the 4 Data Centres (see Introduction) upon request. 

T a b l e  B-3: 



325.0 f 10.0 
3.6 + 0.3 
42.0 k 2.0 
1.4 + 0.1 

440.0 f150.0 

41000.0 f2000.0 
102.0 + 5.0 358.0 + 50. 

15000.0 f 1800.0 
206.0 + 6.0 

63-Eu-151 4.2 f 2.0 
3211.0 + 82.0 
5935.0 + 73.0 

(total) 9146.0 f 109.0 
12800.0 + 600. 

' )  Original value in [l] = 1045 + 265 b, adjusted here (within the error limits) 
to give the correct sum (m+g). 

' )  Te higher value of [l] is supported by the data from JENDL-3 (2199 b) and 
ENDF/B-6 (2197 b), whereas [3] gives 2064 f 100 b. 

3 ,  [3] used, as uncertainty is given. Other values: 334.5 b [I], 420.2 b 
(JENDL-3), 330 b (ENDF/B-6). 

4 ,  Taken from [4] because of discrepancies between [l] and [3]. 
5 ,  [l] gives 603 and 3414 b respectively, but recent evaluations ([4], ENDF/B-6) 

support the lower values. 
6 ,  Both sets of data given for comparison. Other values: ENDF/B-6: same as [3], 

JENDL-3: 4071 b and 6755 b respectively. 



SECTION C: FISSION PRODUCT YIELDS 

The tables contain yield sets from the US and UK evaluated fission yield 
files, which result from the presently largest evaluation efforts. This is in 
accordance with the recommendations of an IAEA Coordinated Research Programme on 
the Compilation and Evaluation of Fission Yield Nuclear Data that not a single set 
of fission yields should be recommended. A third file of fission yield data from 
China is presently being revised; it is expected that it can be included in the 
future. 

C-1: Chain yields and selected cumulative yields 

Fission yields are given for thermal neutron fission of U-233,235, Pu-239,241 
and for fast neutron fission of Th-232 and U-238. The Tables contain cumulative 
and chain yields 20.01-0.001 8. In addition, the most important ternary fission 
yields are presented. Cumulative yields are given seperatly only if they differ 
significantly from the respective chain yields, or for some important fission 
products to show the (even small) difference. 

Description of table entries: 

FP: Chain yields are indicated by "A=". Otherwise the nuclide is listed for 
which the cumulative yield is given. 

The fission yield values are given in percent per fission and tabulated in 
2 different representations as extracted from the files: 

US file: fixed point numbers and relative errors (in 8 )  
UK file: floating point numbers and absolute errors 

Source of data: 

US file: ENDF/B-6 Fission Yield File 
UK file: R.W. Mills, "UKFY3",the latest update of the UK library of independent and 
cumulative fission product yields, in ENDF-6 format (1996). The file UKFY3 
contains also several other tables of fission yield data and discrepances. 

Both the US file and the UK file are available on magnetic tape from the Data 
Centers. 

Table C-1.1: Th-232 f a s t  f i s s i o n  





T a b l e  C-1.2: U-233 thermal fission 



A= 88 

A= 89 
A= 90 
A= 91 

A= 92 

A= 93 

A= 94 

Zr-95 

Nb- 95m 
A= 95 
A= 96 

A= 97 

A= 98 
A= 99 

A=100 

A=10 1 

A=102 

A=103 
A=104 
A=105 
A=106 
A=107 

A=108 

A=109 

A=110 

A=lll 

A=112 

A=113 
A=114 
A=115 
A=116 

A=117 

A=118 

A=119 
A=120 
A=121 

A=122 

A=123 

A=124 

A=125 

A=126 

A=127 
A=128 

A=129 

A=130 

Xe-13lm 

A=131 

Te-132 

A=132 

Xe-133m 

US file error UK f i l e  
( % I  I error 



T a b l e  1.3: U-235 thermal fission 





US f i le  error 
( $ 1  

T a b l e  C-1.4: U-238  fast  f i s s i o n  

H - 3  

H e -  3 

H e -  4 

A= 7 8  

A= 79 

A= 8 0  

UK f i le  error 





Table C-1.5: Pu-239 thermal fission 







Table C-1.6: Pu-241 thermal fission 
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C-2: Selected independent f i s s ion  product y ie lds  

The table below summarises the yield values (and types) which are significant 
and included in Tables C-2.1 to C-2.6. 

Description of table entries: 

Type: i independent yield of fission product is listed 

c cumulative yield of fission product is listed when shielded from beta 
decay by a stable or long lived precursor; the yield value given is the 
sum of the independent yields of the nuclide listed and it's short lived 
precursors which are also shielded (eg.: the cumulative field of Kr-82 
is the sum of independent yields of Br-82m, Br-82 and Kr-82, all shielded 
by stable Se-82). 

Only those yield values are listed that exceed 0.01% of the corresponding 
chain yields in one of the files. According to this criterion, the independent 
yields of the following fission products, although requested by safeguards experts, 
are insignificant and not included in any of the tables: Mo-92,94, Xe-128,129, Nd- 
142, Pm-148m, 148, Sm-148, Eu-151, Eu-152. 

Source of data: 

US file: ENDF/B-6 Fission Yield File. 
UK file: R.W. Mills,: "UKFY3",the the latest update of UK library of 

independent and cumulative fission product yields, in ENDF-6 format 
(1996). 

The file UKFY3 contains also several other tables of fission yield data and 
discrepances which are available from the author or the Data Centers-Both the US 
file and the UK file are available on magnetic tape from the Data Centers. 



Table C-2.1: Th-232 fast fission 

Table C-2.2: U-233 thermal fission 

* )  Sum of Pr-144 + Nd-144 independent  y i e l d s  

Table C-2.3: U-235 thermal fission 



Table C-2.4: U-238 f a s t  f i s s i o n  

Table C - 2 . 5 :  Pu-239 thermal f i s s i o n  

* )  Sum of Pr-144 + Nd-144 independent yields. 

T a b l e  C - 2 . 6 :  Pu-241 fas t  f i s s i o n  



Nuclear Data Section email: sewices@iaeand .iaea.or.at 
International Atomic Energy Agency fax: (43-1)20607 
P.O. Box 100 cable: INATOM VIENNA a 
A- 1400 Vienna telex: 1-12645 atom a 
Austria telephone: (43- 1)2060-2 1710 

online: TELNET or FTP: iaeand.iaea.or.at 
username: IAEANDS for interactive Nuclear Data Information System 
username: ANONYMOUS for FTP file transfer 
username: FENDL for FTP file transfer of FENDL-1 files, FENDL2 for FENDL-2 files 
For users with web-browsers: http:llwww-nds.iaea.or.at 


