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Abstract 

Improving the prediction of radiation parameters and reliability of fuel behaviour 
under different irradiation modes is particularly relevant for new fuel compositions, 
including recycled nuclear fuel. For fast reactors there is a strong dependence of 
nuclide accumulations on the nuclear data libraries. The effect of fission yield 
libraries on irradiated fuel is studied in MONTEBURNS-MCNP5-ORIGEN2 
calculations of sodium fast reactors. Fission yield libraries are generated for 
sodium fast reactors with MOX fuel, using ENDF/B-VII.0, JEFF3.1, original library 
FY_Koldobsky, and GEFY 3.3 as sources. The transport libraries are generated from 
ENDF/B-VII.0 and JEFF-3.1. Analysis of irradiated MOX fuel using different fission 
yield libraries demonstrates the considerable spread in concentrations of fission 
products. The discrepancies in concentrations of inert gases being ~25%, up to  
5 times for stable and long-life nuclides, and up to 10 orders of magnitude for 
short-lived nuclides. 

Introduction 

Improving the prediction of radiation parameters and reliability of fuel behaviour 
under different irradiation modes is particularly relevant for new fuel compositions and 
recycled nuclear fuel in closed fuel cycles. The accurate depletion calculations are the 
base while assessing the radiation characteristics of irradiated fuel. The requirements to 
the accuracy of calculated nuclide accumulations are very different when solving nuclear 
safety problems such as the radioanalysis of irradiated fuel and estimations of dose rates, 
simulation of emergency situations in reactor systems (e.g. residual heat analysis within 
the specified time and emergency heat removal), in thermochemistry for diffusion 
analysis in irradiated fuel (gaseous and pore diffusion in fuel swelling, the yield of fission 
gases under the fuel cladding), etc. 

Accurate depletion calculations use the full base of fission products and take into 
account the changes of neutron spectra and one-group cross-sections (for reactions, 
involved in the transmutation) under different modes of irradiation. For fast reactors the 
numerous calculations confirm strong dependence of nuclide accumulations on the 
fission yield library used. In accurate depletion calculations the concentrations of 
accumulated fission products depend primarily on FY libraries and cross-sections n, and 
n,2n, involved in radioactive-transformation series. 

The effect of fission yield libraries on irradiated fuel composition is studied in 
MONTEBURNS-MCNP5-ORIGEN2 calculations of sodium fast reactors. Fission yield (FY) 
libraries are generated for sodium fast reactors with MOX fuel, using ENDF/B-VII.0 
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(FY_B-VII), JEFF-3.1 (FY_JEFF), original library FY_Koldobsky (FY_KLD) and GEFY 3.3 
(FY_GEF) as sources. The transport libraries are generated from ENDF/B-VII.0 and JEFF-3.1 
source files. In ENDF/B source files the yields of fission products are traditionally presented 
for the thermal point 0.0253 eV, “average” point 0.4 MeV (or 0.5 MeV) and high-energy 
point 14 MeV. The three-group energy grid representation causes the ambiguous 
compilation of FY libraries for the meaningful energy range of fast reactors. The modern 
versions of original library FY_Koldobsky, GEFY, TENDL contain data for more detailed 
grids in intermediate and fast energy ranges (Table 1). 

Table 1: Energy grid kE in fission yield sources 

Source kE, MeV FP nuclides Comment 

ENDF/B-VII 2.53 10–8, 0.5, 14.0 1 321 Ti (Z=22) 

FY_Koldobsky 2.53 10–8, 0.5, 1.0, 2.5, 5.0, 7.5, 10.0, 14.0 0 820 No data for 235U, from Cr (Z=24) 

JENDL-4 2.53 10–8, 1.0, 14.0 1 241 From V (Z=23), Light el. 

JEFF-3.1 2.53 10–8, 0.4, 14.0 1 355 
No data for 239Pu, 241Pu at E = 14 MeV, 
from Ca (Z=20), Light el. 

GEFY 3.3 
2.53 10–8, 0.4, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 14, 15, 16, 17, 18, 19, 20 

0 907 Mn (Z=25) 

TENDL-2010 2.53 10-8, 1.0 10-6, 1.0 10-4, 0.5, 1.0, 14.0 1 772 Ar (Z=18) 

 

In this paper we present the results of irradiated fuel analysis when using codes 
MONTEBURNS-MCNP5-ORIGEN2 with the FY_B-VII, FY_JEFF, FY_KLD and FY_GEF libraries. 
Analysis of irradiated MOX fuel demonstrates the considerable spread in concentrations 
of fission products. The discrepancies in concentrations of inert gases being ~25%, up to  
5 times for some stable and long-lived nuclides (e.g. isotopes of antimony and cadmium), 
and up to 10 orders of magnitude for short-lived nuclides. 

Fission yield library generation 

The generation of fission yield library is the important stage of preparing the nuclear 
database, used for depletion calculation in the codes MONTEBURNS-MCNP-ORIGEN 
(Mitenkova and Novikov, 2011; Blokhin, Mitenkova and Koldobsky, 2011). 

Fission yield libraries can be generated for reactor systems with averaged neutron 
spectrums or using a specific neutron spectra in key areas of the core. For main actinides 
the FPi data (index indicates the i th fission product) are accumulated for kE. The different 
ENDF/B source files contain from about 800 up to 1 800 fission products. For each energy 

range kE the sum  k
i

i

FP E 200 . 

For main actinides the average fission yield <FPi > of i th nuclide can be calculated 
either by the neutron spectrum or by fission rate. We use the second method, because it 
takes into account the fissile properties in the specific area or in the whole core. The 
average fission yield <FPi > is defined as: 

 k
ki i

k

FP C FP E   

where weight factors Ck 1
  
 
 k

k

C  approximate the fission distributions in specific areas: 
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The average fission yield <FPi> is calculated as: 
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Comparative analysis of fission product yield for main actinides 

Figure 1: Mass fission product distribution in 239Pu 

 

Figure 2: Differences in fission product distribution  
according to the nucleus charge (Z) in 239Pu 

      

Figure 3: Mass fission product distribution in 238U 
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Figure 4: Differences in fission product distribution  
according to the nucleus charge (Z ) in 238U 

      

Figure 5: Independent fission yield of isotopes Kr, Xe, Cs in 239Pu 
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Figure 6: Independent fission yield of isotopes Ru, Xe, Cs in 238U 

      

      

Figure 7: Independent fission yield of isotopes Kr, Cs in 235U 

      

One-group constants in depletion calculations 

The noticeable differences of one-group constants are observed when using different 
transport nuclear data libraries in depletion calculations (Figure 8). At the same time the 
discrepancies of one-group constants when using different FY libraries is very small 
because of negligible spectrum changes. When using libraries FY_JEFF, FY_KLD and 
FY_GEF (and the same transport library) the one-group fission cross-sections (n,f) and 
radiation capture cross-sections (n,) differ by 2 and 10%, respectively. 
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Figure 8: One-group cross-sections n, of fission products in  
MOX fuel under ENDF/B-VII.0 and JEFF-3.3 transport libraries 

A diagonal corresponds to the identical data 

 

Radionuclide accumulation in irradiated MOX fuel of sodium fast reactor 

Kr and Xe accumulation in MOX fuel 

For development of improved thermo-mechanical codes more accurate accumulation 
data of volatile fission products, noble gases, hydrogen and helium are needed. The 
simulation of microstructure evolution (porosity changes, transport of fission products, 
yield of noble gases, etc.) require the reliable data of nuclide accumulations under different 
conditions of irradiation, providing high burn-up. Comparative Kr and Xe accumulations 
are shown in Tables 2 and 3. The differences of 25 and 16% in Kr and Xe demonstrate the 
considerable dependence on the fission yield library used. 

The gas accumulations from calculations with different FY libraries are compared 
with the results when using the library FY_B-VII. The most significant differences of 
fission gas accumulations are in 1H and Kr, ~12 and ~25% using FY-JEF and FY_GEF, 
respectively. With increasing burn-up, the discrepancies are changing in 1H and are 
practically unchanged in He, Kr and Xe. 

Table 2: Kr and Xe accumulation in MOX fuel (5.0% h.a.) 

Nuclide 
Fission yield library Maximum 

difference, % FY_B-VII FY_GEF FY_JEFF FY_KLD 
83Kr/Kr 0.182 0.137 0.176 0.154 ~25 
84Kr/Kr 0.256 0.245 0.257 0.252 0~5 
85Kr/Kr 0.080 0.070 0.074 0.075 0~8 
86Kr/Kr 0.480 0.547 0.491 0.517 ~13 

131Xe/Xe 0.156 0.146 0.155 0.170 ~14 
132Xe/Xe 0.225 0.210 0.219 0.226 0~7 
134Xe/Xe 0.314 0.315 0.311 0.284 ~10 
136Xe/Xe 0.294 0.321 0.306 0.309 0~8 

Kr, g/cm3 * 10–3 3.185 2.409 3.152 2.870 ~25 

Xe, g/cm3*10–2 6.025 6.242 6.107 5.233 ~16 
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Table 3: Ratios of fission gas accumulation in irradiated MOX fuel 

Burn-up = 5.0% h.a. 

Nuclide FY_GEF/FY_B-VII FY_JEFF/FY_B-VII FY_KLD/FY_B-VII 

1H 0.97 0.88 0.90 

4He 1.00 1.23 1.00 

Kr 0.76 0.99 0.90 

Xe 1.04 1.01 0.87 

Burn-up = 10.3% h.a. 

1H 1.02 0.99 1.04 

4He 1.01 1.22 1.00 

Burn-up = 20.8% h.a. 

1H 1.0 1.16 0.99 

4He 1.0 1.21 1.00 

 

Stable and long-life nuclide accumulation in MOX fuel 

Very different nuclide accumulation ratios relative to the library FY_B-VII (both 
greater and less unity) are shown in Table 4. For library FY_GEF the differences are more 
than 15% in 90Sr, 127I, 154Eu, ~50-60% in 79Se, 161Dy, 112Cd. The discrepancies of accumulations 
overdraw five times for some isotopes of Br, Cd, Sb (Table 5). As a whole while using the 
library FY_JEFF the differences are less than for library FY_GEF, with the peak difference 
being more than three times for isotopes of Cd and Sb. 

Table 4: Ratios of stable and long-life nuclide accumulation in MOX fuel (5.0% h.a.) 

Nuclide Half-life (year) FY_GEF/FY_B-VII FY_JEFF/FY_B-VII FY_KLD/FY_B-VII 

79Se ~105 0.60 0.80 0.70 

82Se – 0.50 0.98 0.68 

85Rb – 0.65 0.94 0.87 

87Rb ~1010 0.88 0.98 1.05 

90Sr ~30 1.15 0.98 1.21 

99Tc ~105 1.02 1.02 1.09 

104Ru – 1.02 1.04 0.83 

106Ru ~1 0.93 0.99 0.81 

112Cd – 0.53 0.42 0.72 

128Te ~1024 1.07 0.88 1.45 

130Te ~1024 0.94 1.06 1.09 

127I – 0.85 0.74 1.35 

133Cs – 0.93 1.05 0.81 

134Cs ~2 0.91 1.04 0.79 

135Cs ~106 1.01 1.01 0.80 

137Cs ~30 1.09 1.03 1.01 



GENERAL INTEREST – PART 3 

294 NEMEA-7/CIELO WORKSHOP PROCEEDINGS, © OECD 2014 

Table 4: Ratios of stable and long-life nuclide  
accumulation in MOX fuel (5.0% h.a.) (cont.) 

Nuclide Half-life (year) FY_GEF/FY_B-VII FY_JEFF/FY_B-VII FY_KLD/FY_B-VII 

139La – 0.92 1.05 1.12 

154Eu ~10 0.82 0.96 0.82 

155Eu ~5 0.73 0.90 0.69 

161Dy – 1.56 0.77 0.72 

Discrepancies >100% 

81Br – 0.41 0.89 0.61 

113Cd ~1016 0.34 0.48 0.52 

114Cd ~1018 0.27 0.37 0.39 

116Cd ~1019 0.22 0.43 0.27 

121Sb – 0.16 0.44 0.26 

123Sb – 0.18 0.32 0.40 

125Sb ~3 0.41 0.43 0.80 

 

Short-life nuclide accumulation in MOX fuel 

The ratios of short-life nuclide accumulation with 1 min < T1/2 < 1 h are shown in 
Table 5. The accumulation of some nuclides differ by more than 3 000 times. 

Table 5: Ratios of short-life nuclide accumulation in MOX fuel (5.0% h.a.) 

Nuclide Half-life (min) FY_GEF/FY_B-VII FY_JEFF/FY_B-VII FY_KLD/FY_B-VII 

81Se ~20 0.42 0.88 0.61 

81mSe ~1 0.20 0.62 0.45 

80Br ~20 0.03 0.41 0.06 

84mBr ~6 0.07 0.54 0.62 

102mTe ~5 0.06 0.35 0.55 

106Ag ~24 0.0003 0.0003 0.0002 

115Ag ~20 0.14 0.22 0.28 

118Cd ~50 0.18 0.42 0.23 

119Cd ~3 0.07 0.16 0.25 

112mIn ~21 0.04 0.05 0.06 

123mSn ~40 0.18 0.33 0.42 

129mSn ~7 2.4 1.5 1.5 

135mCs ~53 0.23 0.44 0.42 

162Gd ~8 2.8 0.72 0.23 

163Tb ~20 4.0 0.75 0.92 

164Tb ~3 4.2 0.68 0.94 

167Dy ~6 3.61 0.49 1.06 

168Dy ~9 6.06 0.66 1.66 
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Nuclides as indicators 

The isotopes of 137Cs and 106Ru can be used for estimation of fuel burn-up. In many 
studies, including the nuclear material assay, the burn-up is determined on the basis of 
145Nd distribution or the sum of stable neodymium isotopes (142Nd, 143Nd, 144Nd, 145Nd, 146Nd, 
148Nd and 150Nd). For aged spent fuel 154Eu can be used for burn-up estimation. 

The discrepancies of neodymium isotope ratios for various FY libraries are shown in 
Figure 9. The per cent difference of calculated fission products is determined by: 

FY _ LIB FY _ BVII
Difference * %

FY _BVII
100


  

where FY_LIB is the analysed library. 

At the same time the total neodymium concentrations are differed by 5, 16 and 9% for 
libraries FY_JEFF, FY_KLD and FY_GEF, respectively. 

It should be also noted that in fast reactors the concentrations of fission products 
have significant sensitivity to the FY libraries, generated from the single data source for 
different fuels. Only while replacing the FY library generated from ENDF/B-VII for UO2 
fuel by the library for MOX fuel are there significant differences of accumulation for some 
individual nuclides. The 1H concentrations are increased by 8%, and for the individual 
isotopes of Br,Se, Rb, Gd, Eu and some others the concentrations are changed more than 
two times. 

Figure 9: Discrepancies of calculated neodymium ratios in MOX fuel (10.3% h.a.) 

 

Conclusion 

The considerable spread in concentrations of fission products is observed in depletion 
calculations while using codes MONTEBURNS-MCNP5-ORIGEN2 with fission yield libraries, 
generated on the base of ENDF/B-VII, JEFF-3.1, GEFY 3.3 and original library FY_Koldobsky. 
In depletion calculations of MOX-fuelled sodium fast reactors the spread in concentrations 
of inert gases being ~25%, up to 5 times for stable and long-life nuclides, up to 4 000 times 
for short-life nuclides with half-life more than 5 minutes, and up to 10 orders of 
magnitude for nuclides with half-life less than 10 seconds. 

The lack of full-core benchmarks and difficulties in obtaining the experimental data 
complicate estimation of the final nuclide accumulations, taking into account the 
considerable discrepancies while using different nuclear data libraries. 
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For accurate depletion calculations it is reasonable to define something as benchmark 
technology by including the specifications of compulsory steps for these calculations. 
Then, taking into account the expected accuracy of the task being solved, the analysis 
results of calculations using the benchmark technology allow specifying final values. 
Perhaps for key fission products the final accumulations of nuclides, e.g. in the form of  
a range, would be more preferable for accurate simulation of fuel behaviour than  
single values. 
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