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1. Introduction 

The solution of various problems in the field of radiation pro­

tection, nuclear safety and dosimetry requires the knowledge of 

the properties of radiation sources and fields caused by fission 

products. From 1970 to 1976 in the VEB Kombinat Eraftwerksa^la-

genbau by order of the national Board on Atomic Safety and Radia­

tion Protection and at the Technical university Dresden extensive 

investigations were performed for that purpose. In the following 

a review about methods and results of these investigations and 

about their applications are given. Furthermore experiences about 

handling of fission produot nuclear data and requirements for 

improvement of these data are discussed. 

2. Investigations of the properties of fission produot mixtures 

In the frame of the investigations various computer codes were 

developed. They serve for assessment and designing of radiation 

protection provisions in and around nuclear installations, for 

evaluation of radiation exposure and for calculation of measu­

ring effects of radiation detectors and dosimeters. 

With the aid of the computer code AKTIVIST III it is possible to 

calculate several properties of fission product mixtures on the 

basis of constant power /1,2,3/. The input data, such are type 

of fission, neutron energy, neutron flux density and irradiation 

and decay time, allow to calculate the following quantities of 

0 fission products: mass (kg/MW), activity (Bq/W or Ci/f), beta 

decay energy (W/f), heat after irradiation of the fuel elements 

- the afterheat - (W/W), for individual nuclides and elements of 

the fission product mixture in relation to the thermal power of 

the reactor, and the gamma-ray spectra for groups of elements, 

divided into 31 and 5 groups of energy between 0 and 5.25 MeV. 

The computer code AKTIVIST III is based on a data set contai­

ning the following fission product data /9,10,24/: 

- independent fission yields for the fission of 55U and 9Pu 

by thermal neutrons, of "ü, *TJ and 59Pu by fast neutrons 
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with the yield for the direct formation of a nuclide and the 
cumulative yield for two parallel precursors, 

- effective cross sections for thermal neutrons (calculated from 
the 6*2200 o r ° 8 S section and the resonance Integral) and for i*ast 
neutrons (calculated from 26-group cross sections and the neu­
tron spectrum), 

- decay constant of the nuclide and of two precursors, 
- transition probabilities in the case of multiple decays from the 
and into the corresponding nuclide, 

- beta- and gamma-decay energies and 
- gamma-emission probabilities for 31 energy groups. 

With the aid of this code for a large interval of input parameters 
chemical composition and decay properties of the nuclide mixtures 
formed by thermal and fast neutron fission were calculated /1,2/. 
Furthermore a comparison of the activity of the fission products, 
of the afterheat and of the gamma spectra was carried out for these 
two types of flesion /3/. 
An additional computer code /4/ also allows the calculation of the 
activity df individual fission products and of various fission pro­
duct mixtures, the determination of energy spectra of fission pro­
duct mixtures of different composition (i.e. of different decay 
time and type of fission) and the calculation of other quantities 
for prompt fission, derived from the mentioned quantities or func­
tions. Рог the calculations the following fission product nuclear 
data were used: 
- data on decay chains from MABTYBEHKO Л/, GUSEV /6/ and DAVIBS 

/7,8/, 
- fractional independend yields from DAVI ES /7,8/ and MEEK /9/, 
- gamma spectra of the individual nuclides from LEDBRER /Ю/, DA- -
VI BS /7,8/ and CROCKER /11/ as well as 

- beta decay properties from several authors. 

This code allows the numerical calculation of complex (branched) 
decay chains basing on the analytical solution of the differential 
equation for linear decay chains. By the choice of various initial 
conditions or by weighing the results for Individual radionuclides, 
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respectively, it is possible to realize by calculation different 
conditions of formation and also other alterations of the composi­
tion of the fission product mixtures (e.g. in consequence of the 
esoape of inert gases etc.). 
The development of a rather universally utilizable erganization 
eyetem for the supoly of nuclear data from several references for 
defined calculation jobs mi 11 be finished in the near future 
/12/. With tke aid of this syste» it will be possible to carry 
out also comparisons of large amounts of data in respect to the 
influence of uncertainties of nuclear data. 
?iBsion product mixtures are high intensive radiation sources 
which must be shielded in nuclear installations and in transport 
and storage bins. The laying out of such shieldings requires the 
knowledge of gamma spectra. For small and intermediate decay 
timee relatively small energy groups are necessary. With increa­
sing decay time the mean energy strongly decreases. After several 
years, finally, and for fission by thermal neutrons only the gam-

1 ̂ 7 ma radiation of J,Ce (0,67 MeV) is predominant. Рог fission by 
fast neutrons the spectrum is, owing to the major portion of 
**Cs and Eu, harder. The estimation of transport bine for 

irradiated fuel requires to take into account besides the gamma 
radiation also the neutrons, emerging from the spontaneous fis­
sion of transuranium elements and from (tu, ,n) reactions. Further­
more gamma spectra were used for comparisons with the results of 
other authors (e.g. CROCKER /13/,MÄTYHENKO /5/, GUSEV /14/; see 
/15,16,21/) and for the calculation of the exposure rate /17/ 

and of radiation fields /18/ as well as for the investigation of 

impulse height distributions /19.20/ for radiation protection 

and dosimetry purposes. 

The knowledge of the calculated afterheat is necessary for assess­

ments in the case of transport of irradiated fuel, for the sto­

rage of fuel elements and for calculation of the temperature of 

stored radioactive wastes. These calculations are also important 

for the assessment of the reactor performance in accident situa­

tions. 
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The composition of activity and the chemical properties of the 
fission products must be known for estimating contamination pro­
cesses and for affecting decontamination operations. These infor­
mations are also of importance for the activity releases ander 
accident conditions, for the hazards emerging in such cases and 
for the accident control. Therefore, specif?catione about the ac­
tivity of individual chemical fractions (e.g. inert gases or halo­
gens) are used for accident analyses and for selection of the meat 
effective arrangements for decontamination. 

3. Discussion of results 
The gamma spectra of fission product mixtures from different fis­
sion reactions (various fissionable materials and energy of neu­
trons) only Slightly differ in the case of prompt fission. Рог 
the most part these differences are smaller than the differences 
of gamma spectra, emerging in the same fission reaction, but given 
by different authors. Therefore, for radiation protection purposes 
it is sufficient to assume a "standard" mixture of fission pro­
ducts and to take into account significant alterations as correc­
tions for this standard mixture. This is true especially for pre­
dictions about the exposure rate, for the attenuation of radiation 
by shields etc. Differences arising by use of various models and 
nuclear data give deviations e.g. in the exposure rate behind a 
shield out of normal concrete to a maximum of 10 £ /21/. Detailed 
investigations, e.g. for the determination of impulse height di­

stributions or other characteristics of radiation detectors or 

dosimeters, require the use ot individual gamma spectra of mixtures. 

To that end a completion of the gamma spectra of individual nucli­

des (absolute yield of a transition) as well as a more precise In­

formations about half-lifee, branching probabilities and fission 

yields of several nuclides are necessary (see else /22/). 

Furthermore investigations of chemical composition and of decay 

properties of fission product mixtures show that only for fission 

by fast neutron* and for detailed examinations it is necessary to 

take into account the influence of (n,2n) reactions because the 



threshold energy ot these reactions is far above the probable 
energy of neutrons. (n,p) and (n,«X) reactions oan be neglected. 
Bremsstrahlung arising from beta-active fission products exceeds 
for mixtures of fission products and fuel for large decay times 
in several energy intervals the primary gamma radiation or causes 
a smoothing of the spectra. Especially the contributions of 7 Y, 

fiu and 
H 4 p r 

must be considered. The s h i e l d i n g of burned-up 
fue l material i s hardly inf luenced by bremsstrahlung because the 
contr ibut ion to exposure rate behind the s h i e l d in general don't 
reach 10 +. 
In '.lew of the described i n v e s t i g a t i o n s the fo l lowing demands on 
f i s s i o n product nuclear data appear to be r e a l i s t i c : 
- For decay times from severa l months to several years Ce 

g i v e s an important portion to the gamma rad ia t ion of f i s s i o n 
product mixtures . The data on the production of Ce at the 
present time considerably d i f f e r and (baud be given more p r e c i s e ­
ly -

- The decay data for l o n g - l i v i n g nuc l ides which are important for 
waste d i sposa l should be g iven i n a more prec i se manner and should 
be completed. 

- A more prec i se knowledge about the beta spectra of f i s s i o n pro­
ducts i s necessary in order to ge t b e t t e r information about decay 
power and about the in f luence of bremsstrahlung on the gamma 
spectra . I t should be t r i e d , s i m i l a r to the gamma radiat ion , to 
g ive a l so for beta rad ia t ion the emission i n the individual 
energy group«. To that end several fac tors (form fac tor , Coulomb 
correct ion f a c t o r ) should be known more p r e c i s e l y (see a l so / 2 3 / ) . 

- P ias ion y i e l d s for severa l nuc l ides with low absolute y i e l d s 
and larger h a l f - l i f e s (months or years ) should be given more 
p r e c i s e l y . 

- Informations about the absolute gamma-ray y i e l d for some n u c l l -
dee, e . g . I 3 9 l e , 1 4 0 X e , U 2 X e , U 1 B a , U 2 C s and 1 4 5 La, are ne-
cessary. 

- In most of the references about f i s s i o n product nuclear data 
there are no informations about the accuracy of the data which 
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would only a l low an assessment of the accuracy of the r e s u l t s ob­
tained by using these data / 1 5 . 2 1 / , Such Informations would be 
very use fu l . 

References 

/ 1 / P. f. KHUGBB, Kernenergie 15 .0972) , 311 
/ 2 / В. PULZ, P. W. KRUGBR, Kernenergie 12 (1974) , 109 
/ 3 / Г. W. KRÜGBR, B. PULZ, Report SAAS-172 (197*) 
/ 4 / I . BRA SCHIHG, Bine Hukliddatenbibiiothek für d i e e l e k t r o n i ­

sche Datenverarbeitung, Diplomarbelt, TU Dresden, Sektion 
Physik, 1971 

/ 5 / V. F. MARTYHBHKO et a l . , Gamma-isluBenle produktoT mgnoven-
nogo d e l e n i j a 235U, 238& i "39pu , Leningrad 1971 

/ 6 / I . G. GUSBV et a l . , Radiacionnye Charakter i s t ik! produktoT 
d e l e n i j a , Moskra 1974 

/ 7 / B. S. J . DAYIBS, RD/B/1 1551 (1970) 
/ 8 / 3 . S. J . DAVIBS et a l . , RD/B/ll 2058 (Rev. l ) (1971) 
/ 9 / M. B. MBBK, APBD-5398-A (1968) 

/ 1 0 / C. M. LEDBBSR et a l . , Table of I s o t o p e s , 6th e d . , Bew York/ 
London/Sydney 1967 

/ 1 1 / 0. R. CROCKBR et a l . , USHRDL-TR-876 (1965^ 

/ 1 2 / A. POHL, D. ZAPPB, Tü-Inforaationen 05-6-77 (1977) 

/ 1 3 / G. R. CROCKBR et a l . , USHRDL-TR-1009 "0966) 
/ 1 4 / I* ö . GUSFV, ZeWita ot gamma iz luEeniJa produktoT d e l e n i j a , 

Moskva 1968 

/ 1 3 / Т. SCHDRICBT, D. ZAPPB, Я. BITELJÖRGB, f. HOACK, Report SAA3-
154 (1974) 

/ 1 6 / D. ZAPP* V. SCHURICHT, Isotopenpraxis 12(1976) , 305 
/ 1 7 / D. ZAPPB, . . SCHURICHT, Isotopenpraxis Ц ( 1 9 7 5 ) , 53 
/ 1 8 / D. ZAPPB, K. MÜLLBR, Kernenergie 19.(1976), 271 
/ 1 9 / f. KOACK, D. ZAPPB, V. SCHURICHT, TU-Informationen 05-7-75 

(1975) 
/ 2 0 / W. HOACK, D. ZAPPB, V. SCHURICHT, TU-Informationen 05-6-75 

(1975) 
/ 2 1 / E. PULZ, T. W. KRÜGBH, Kernenergie 12.(1976), 299 
/ 2 2 / A. TOBIAS, RD/BZ* 2669 (1973) 
/ 2 3 / L. ACKERMAH1, J. HILSBBRG, K. 3CHILLIIGIR, Isotopenpraxis 

10(1974) , 364 
/ 2 4 / 0. CBMACCHI, RT/PIMA (68)4, 1968 

7 



D. Zappe, V. Schuricht 
Technical Univers i ty Dresden 

DDR-8027 Dresden 
Monmeenetraße 13 

P. W. Krüger, M. Gegusch 
Rational Board on Atomic Safety and Radiation Protect ion 
of the German Democratic Republio 
DDR-1157 Berl ln-Karlahoret 
Waldowallee 117* 

May 1977 

8 III-4-;% G02/77/2792 


