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CHAPTER  I 

INTRODUCTION 

 

I.1  Background 

 

 Small and very small nuclear power plant with moderate economical aspect is an 

important candidate for electric power generation in many part of the third world 

countries including outside Java-Bali area in Indonesia. The nuclear energy system with 

the range of 5-50 Mwe match with the necessity and planning of many cities and 

provinces outside Java-Bali islands. In addition to electricity, desalination plant or 

cogeneration plant is a good candidate for  nuclear energy application. Madura Island is a 

place where Indonesian government has planned to install desalination plant for clean 

water source. Due to the difference of the load between afternoon and night the use of 

fast reactors is a better choice due to capability to follow the load. Lead and lead bismuth 

cooled nuclear power reactors is now considered as potential candidate of next generation 

nuclear power reactors in the 21th centuries. Various versions of lead cooled nuclear 

power reactors have been analyzed and safety analysis also have been applied to them. 

The results are generally satisfactory1-3. 

 One of important feature of lead/lead-bismuth cooled fast reactors is the zero 

burnup core capability which can eliminate possible super prompt critical accident and 

make possible of inherent safety feature based on reactivity feedback mechanism. The 

new design and safety approach however need high quality of system analysis as well as 

nuclear and material data to reduce calculation error so that its influence to the key design 

and safety parameters can be negligible. In the present research benchmarking will be 

performed using various calculation system and some experimental results. It is expected 

that the results can contribute to the achievement of the above goal.    

 

I. 2.   Objectives 
 

In the third year, based on the results from the first and second years we propose to focus 
on solving FP treatment group constant with the following approach: 
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1. Adopting general strategy for determining fission product yield data by adopting 

RBEC type reactor which as reference core. This RBEC reactor actually has been 

adopted as the reference core in the current CRP project.  

2. In determining fission product yield data, we adopt raw data from ENDF/B VI or 

ENDF/B VII or JENDL-3 data and by using actual spectrum of RBEC reactor we 

determine detail fission product yield data for the most important nuclides (has 

been selected in the second year CRP). 

3. Investigating several alternatives fission product treatment in available cell 

homogenization code suitable for RBEC benchmark calculation. 

4. Modifying/developing FP treatment procedure for the available cell calculation 

code.  

 

3.  Systematics of the report 

 

 The systematic of the present report is as follows: 

Chapter I : Introduction, discuss about background and objective of the this CRP 

research. 

Chapter II :  Research metodology, discuss about the strategy and implementation of the 

this CRP research and also the mathematical model description and the 

methodology of solution. 

Chapter III :  Discuss about RBEC Benchmark calculation results performed by ITB team 

Chapter IV :  Fission yield calculation results and discussion 

Conclusion and Recommendation for future work : discuss about the most important 

results obtained during the present research and recommendation for further 

research.  
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CHAPTER  II 

 

RESEARCH METHODOLOGY AND MATHEMATICAL MODEL 

 

Accurate FP treatment need several complicated processes and reliable data to 

achieve that. Among the important data are accurate fission product yield data for the 

relevant nuclear reactor core to be investigated. Basic FP yield data are available in 

ENDF/B or JENDL libraries but the data depend on the energy spectrum and they include 

more than 1200 nuclides of FP.  

 

II.1 RESEARCH METHODOLOGY 

From the first and second years results, we conclude that we can take onl 118 or 

even 50 most important nuclides and treat them accurately to get reasonably accurate FP 

group constants for neutronic calculations. These nuclides are shown in the following 

table.     

Table 1  118 Most Important FP Nuclides 

No      Z        A      %X-sect  Symbol 
1    44   101    8.93   Ru 
2    46   105    8.93   Pd 
3    43    99    7.06   Tc 
4    45   103    6.02   Rh 
5    55   133    5.72   Cs 
6    46   107    4.65   Pd 
7    42    97    4.54   Mo 
8    62   149    4.39   Sm 
9    61   147    3.77   Pm 
10   60   145    3.37   Nd 
11   55   135    2.74   Cs 
12   60   143    2.64   Nd   
13   54   131    2.38   Xe 
14   44   102    2.21   Ru 
15   62   151    2.19   Sm 
16   42    95    2.15   Mo 
17   42    98    1.89   Mo 
18   47   109    1.80   Ag 
19   44   104    1.69   Ru 
20   42   100    1.58   Mo 
21   63   153    1.56   Eu 
22   40    93    1.27   Zr 
23   44   103    1.19   Ru 
24   59   141    1.03   Pr 
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25   53   129    0.97   I 
26   40    95    0.88   Zr 
27   40    96    0.75   Zr 
28   60   146    0.70   Nd 
29   54   132    0.69   Xe 
30   46   108    0.68   Pd 
31   41    95    0.67   Nb 
32   58   141    0.62   Ce 
33   40    91    0.61   Zr 
34   40    92    0.48   Zr 
35   54   134    0.48   Xe 
36   44   106    0.48   Ru 
37   62   152    0.48   Sm    
38   60   148    0.46   Nd 
39   48   111    0.44   Cd 
40   37    85    0.43   Rb 
41   53   127    0.42   I 
42   57   139    0.42   La 
43   46   106    0.41   Pd 
44   63   155    0.35   Eu 
45   40    94    0.32   Zr 
46   62   147    0.31   Sm 
47   58   142    0.29   Ce 
48   60   150    0.28   Nd 
49   60   147    0.26   Nd 
50   55   137    0.25   Cs 
51   39    91    0.20   Y 
52   60   144    0.19   Nd
53   36    83    0.19   Kr 
54   58   144    0.18   Ce 
55   64   157    0.18   Gd 
56   46   110    0.14   Pd 
57   42    99    0.14   Mo 
58   64   156    0.13   Gd   
59   48   113    0.11   Cd
60   55   134    0.11   Cs 
61   63   154    0.10   Eu 
62   58   140    0.10   Ce 
63   51   125    0.10   Sb 
64   65   159    0.10   Tb   
65   62   154    0.10   Sm 
66   38    90    0.10   Sr 
67   53   131    0.09   I 
68   39    89    0.09   Y 
69   56   138    0.08   Ba 
70   59   143    0.08   Pr 
71   35    81    0.08   Br 
72   52   130    0.08   Te 
73   49   115    0.08   In 
 
74   52   128    0.07   Te 
75   48   112    0.07   Cd 
76   52   129m   0.07   Te 
77   37    87    0.06   Rb 
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78   36    84    0.06   Kr 
79   54   133    0.05   Xe 
80   51   121    0.05   Sb 
81   52   127m   0.05   Te 
82   61   148m   0.05   Pm 
83   34    79    0.05   Se 
84   45   105    0.05   Rh 
85   62   150    0.04   Sm 
86   51   123    0.04   Sb 
87   64   155    0.03   Gd 
88   50   117    0.03   Sn 
89   61   149    0.03   Pm 
90   54   136    0.03   Xe 
91   46   104    0.03   Pd 
92   64   158    0.03   Gd 
93   44   100    0.03   Ru 
94   36    85    0.03   Kr 
95   38    89    0.03   Sr 
96   48   114    0.02   Cd 
97   38    88    0.02   Sr 
98   50   119    0.02   Sn 
99   62   148    0.02   Sm 
100  34    82    0.02   Se 
101  56   136    0.02   Ba 
102  47   110m   0.02   Ag 
103  34    77    0.01   Se 
104  36    86    0.01   Kr 
105  63   156    0.01   Eu
106  34    80    0.01   Se 
107  63   151    0.01   Eu 
108  48   116    0.01   Cd 
109  50   118    0.01   Sn 
110  48   110    0.01   Cd 
111  34    78    0.01   Se 
112  54   130    0.01   Xe
113  56   137    0.01   Ba 
114  64   160    0.01   Gd 
115  56   140    0.01   Ba 
116  50   126    0.01   Sn 
117  52   125    0.01   Te 
118  50   120    0.01   Sn 

 

 The rigorous processes for the FP treatment are very complicated and need some 

iteration processes. As an illustration, we need neutron energy spectrum in order to 

determine the practical FP yield data but to get accurate neutron energy spectrum we 

need accurate FP data. Therefore we adopt the following approximation processes for the 

FP treatment in this study. 
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1.  The available FP treatment methods available in SRAC code system are 

investigated. Then based on the first and second year results we select the most 

appropriate method to be used in the neutron spectrum generation. 

2. The RBEC nuclear reactor core is adopted as a reference core and then neutronic 

analysis (multi group diffusion calculation and burn-up calculation) are 

performed. From the RBEC neutronic calculation then the overall neutron energy 

spectrum is generated.  

3. By selecting 118 most important FP nuclides and using basic FP data from 

JENDL-3.3 libraries then the independent and cumulative fission product yield 

for each nuclide and each energy group can be generated. Next by using neutron 

energy spectrum from the RBEC reactor then the independent and cumulative 

fission product yield for each nuclide can be calculated. 

4. The data of fission product yield and the relevant decay chain should be used to 

modify or creating new sub library in the cell calculation code. But this step is 

postpone for the following year’s research due to relatively large volume of works 

during implementation. 

 

II.2 MATHEMATICAL MODEL 

 

 Detail mathematical model of the calculations can be breakdown into several part 

as follows. 

II.2.1  Steady State Multigroup Diffusion Calculation 

Mathematical formulation of steady state multi group diffusion calculation can be 

written as follows  

   ' ' ' '
' 1 ' 1

( , ) ( , ) ( , ) ( , )
G G

g
g g rg g fg g sg g g

g geff

x
D r t r t r t r t

k →
= =

−∇• ∇Ψ +∑ Ψ = ∑ ∑ Ψ + ∑ ∑ Ψ           (1) 

Where: 

g :  energy group  

D : diffusion constant 

Σr : macroscopic cross section of removal 
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Σs : macroscopic cross section of scattering 

Σf : macroscopic cross section of fission 

v   : average neutron number produced in fission  

φ   : neutron flux 

χg  : fission spectrum of energy group g 

 keff :  Effective multiplication factor 

 

II.2.2  Effective FP yield data calculation 

 The effective FP yield data can be calculated using linear interpolation of energy 

dependency as follows: 

highlow

mn
lowgiavglow

mn
highgihighavgmn

gi uu
yuuyuu

y
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−+−
=

,
,,,

,
,,,,

,

)()(
 

Where  

    yi,g
n,m : independent fission yield of nuclide n for energy group g from fissile nuclide m   

    yi,g,high
n,m : independent fission yield for nuclide n from fissile nuclide m at nearest 

upper energy of  

                 energy group g  (from ENDF/B or JENDL library)   

    yi,g,low
n,m : independent fission yield for nuclide n from fissile nuclide m at nearest 

lower energy of  

                  energy group g (from ENDF/B or JENDL library)   

    ug,av : average lethargy for energy group g 

    ug,high : lethargy of nearest higher energy of energy group g    

    ug,low : lethargy of nearest lower energy of energy group g    

Similarly, for cumulative fission yield we have 

highlow

mn
lowgcavglow

mn
highgchighavgmn

gc uu
yuuyuu

y
−

−+−
=

,
,,,

,
,,,,

,

)()(
 

 

Where  

    yc,g
n : cumulative fission yield of nuclide n for energy group g   
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    yc,g,high
n : cumulative fission yield for nuclide n at nearest upper energy of energy group 

g  (from    

                 ENDF/B or JENDL library)   

    yc,g,low
n : cumulative  fission yield for nuclide n at nearest lower energy of energy group 

g (from    

                 ENDF/B or JENDL library)   

     

The total FP yield data for nuclide n is given as 

∑∑

∑∑
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== G

g m
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Where 

Nm : atomic density of fissile nuclide m 

σf,g,m :  microscopic fission cross section of nuclide m for energy g 

φg : neutron flux at energy g 
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CHAPTER III 

RBEC BENCHMARK CALCULATION RESULTS AND DISCUSSION 

 

 In the RBEC Benchmark calculation we adopt the data of RBEC from 

the reference 3 released by Kurchatov Research Institute. We use SRAC 

Code system combined with FI-ITB-CH1 code system to perform multigroup 

diffusion and burn-up calculation. The calculation were performed 

mainly in 25 energy groups though several 8 group and 33 energy group 

calculation were also performed for comparison. 

  The K eff (effective multiplication factor results is shown in 

the Table III.1 as follows. 

It seems that effective multiplication is within the range of RBEC 

Benchmark calculation results of all participans. However if we compare 

with the the results other participans we can conclude that the burnup 

results tend to give higher value and it may caused by under estimate 

of FP grup constants. 

 

Table.III.1 Evolution of keff on 1800-day campaign at thermal power 900 MW 
Participant ANL BARC Gidropress RRC KI TokyoTech ITB 

 Time, day DIF3D TWODANT ERANOS2.0 DIFRZ KINRZ MCNP5 Original SRAC- 
FI-ITB-CH1 

 0 0.99721 0.99777 0.99498 1.0076 1.0084 1.00383 1.00271 1.00181 
100 1.00011 1.00063 0.99544 1.0077 1.0085  1.00261  
200 1.00284 1.00333 0.99671 1.0086 1.0094  1.00322  
300 1.00539 1.00586 0.99785 1.0093 1.0102  1.00374 1.00567 
400 1.00778 1.00822 0.99887 1.0100 1.0109  1.00418  
500 1.00999 1.01042 0.99977 1.0106 1.0114  1.00453  
600 1.01203 1.01246 1.00054 1.0110 1.0120  1.00479 1.00936 
700 1.01392 1.01435 1.00121 1.0114 1.0124  1.00497  
800 1.01565 1.01608 1.00176 1.0117 1.0127  1.00505  
900 1.01724 1.01767 1.00221 1.0119 1.0128 1.01224 1.00505 1.01198 

1000 1.01934 1.01912 1.00254 1.0120 1.0131  1.00497  
1200 1.02183 1.02162 1.00292 1.0120 1.0132  1.00457 1.01355 
1400 1.02382 1.02363 1.00292 1.0117 1.0128  1.00387  
1600 1.02535 1.02519 1.00258 1.0111 1.0122  1.00289 1.01417* 
1800 1.02647 1.02635 1.00192 1.0102 1.0113 1.01024 1.00166 1.01393 

    * at 1500 days 
 

Next the energy spectrum is given in Fif III.1. The energy spectrum is 

relatively hard. 
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Fig III.1  Energy spectrum of Core 1 in RBEC Core 

 

Fig. III.2 and Fig. III.3 show the infinite multiplication constant and 

conversion ratio in core 1 of RBEC core. It is shown that the infinite 

multiplication factor is increases up to nearly 800 days of operation 

and after that start to decrease. Fig III.3 shows the conversion ratio 

in Core I which continuously decrease during burn-up process. 
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Fig. III.2  K inf change during burnup of Core I in RBEC Reactor 
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Fig. III.3  Conversion ratio change during burnup of Core I in  

            RBEC Reactor 

 

 

Next Figs. III. 4 to III.8 show the atomic density change during burnup 

of U-235, U-238, Pu-239, Pu-240 and Pu-241. 
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Fig. III.4 Atomic density change during burn-up of U-235 
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Fig. III.5 Atomic density change during burn-up of U-238 
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Fig. III.6 Atomic density change during burn-up of Pu-239 
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Fig. III.7 Atomic density change during burn-up of Pu-240 
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Fig. III.8 Atomic density change during burn-up of Pu-241 

 

It is shown that the atomic density of U-235, U-238 and Pu-241 

decreases continuously during burn-up process while for Pu-239 and Pu-

240 increases continuously.  
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 Next Figs. III.9 to III.12 show the radial and axial power 

distribution at BOL and EOL. Comparing the BOL and EOL data, we found 

that the peak power density is slightly decreases from BOL to EOL. 
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Fig. III.9 Radial power distributon at the BOL 
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Fig. III.10 Radial power distributon at the EOL 
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Fig. III.11 Axial power distributon at the BOL 
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Fig. III.12 Axial power distributon at the EOL 

 

 

 



19 
 

CHAPTER IV 

FISSION YIELD CALCULATION RESULTS AND DISCUSSION 
 

 To get accurate FP group constant data we first need to get accurate fission yield 

data which actually depend on the neutron spectrum and composition of the core 

We adopt the neutron spectrum from the RBEC Benchmark calculation results and we 

generate also 74 groups microscopic cross section. The data is given partially as follows ( 

for Pu-239 and U-238) 
 
Table  IV.1 Plutonium 239 microscopic cross section Data 
Production (from group 1 to group 74) 
   9.34858E+00   7.89452E+00   6.15262E+00   6.16446E+00   6.19863E+00   6.25174E+00 
   6.27072E+00   6.03524E+00   5.56326E+00   5.12750E+00   4.84830E+00   4.64733E+00 
   4.51778E+00   4.44010E+00   4.37884E+00   4.23212E+00   4.20770E+00   4.32332E+00 
   4.37923E+00   4.43568E+00   4.52773E+00   4.70196E+00   4.77838E+00   4.82677E+00 
   5.02046E+00   5.22467E+00   5.35475E+00   5.56610E+00   6.52894E+00   6.40597E+00 
   7.01525E+00   8.51804E+00   1.02752E+01   8.98960E+00   1.02354E+01   1.40376E+01 
   1.92288E+01   1.65625E+01   1.20145E+01   4.39779E+01   2.17844E+01   3.83696E+01 
   4.57022E+01   5.29285E+01   5.28367E+01   6.00174E+01   1.30915E+02   1.84452E+02 
   1.83225E+02   4.81624E+01   1.06564E+01   5.26357E+01   1.69302E+02   3.18329E+02 
   4.97308E+02   4.06099E+01   2.56340E+02   2.07256E+01   2.15301E+01   2.57463E+01 
   3.21937E+01   4.12972E+01   5.04401E+01   5.83068E+01   6.80560E+01   8.04208E+01 
   9.65179E+01   1.18164E+02   1.48440E+02   1.92920E+02   2.62123E+02   3.78291E+02 
   5.93324E+02   1.04493E+03 
 fission(from group 1 to group 74) 
   2.24786E+00   2.03246E+00   1.68215E+00   1.77109E+00   1.85435E+00   1.93301E+00 
   1.99121E+00   1.95734E+00   1.83223E+00   1.70923E+00   1.63132E+00   1.57528E+00 
   1.54018E+00   1.52055E+00   1.50484E+00   1.45842E+00   1.45313E+00   1.49557E+00 
   1.50817E+00   1.52156E+00   1.55313E+00   1.61290E+00   1.63912E+00   1.65572E+00 
   1.72216E+00   1.79221E+00   1.83683E+00   1.90933E+00   2.23962E+00   2.19743E+00 
   2.40643E+00   2.92194E+00   3.52470E+00   3.08555E+00   3.51451E+00   4.81390E+00 
   6.59224E+00   5.68041E+00   4.12309E+00   1.51196E+01   7.56994E+00   1.33916E+01 
   1.58967E+01   1.83332E+01   1.82981E+01   2.09918E+01   4.55462E+01   6.39542E+01 
   6.36574E+01   1.69763E+01   3.74113E+00   1.83922E+01   5.90000E+01   1.10830E+02 
   1.73144E+02   1.41393E+01   8.92500E+01   7.21610E+00   7.49620E+00   8.96417E+00 
   1.12090E+01   1.43786E+01   1.75619E+01   2.03009E+01   2.36954E+01   2.80005E+01 
   3.36051E+01   4.11418E+01   5.16831E+01   6.71712E+01   9.13016E+01   1.31844E+02 
   2.06920E+02   3.64601E+02 
absorbtion(from group 1 to group 74) 
   2.24786E+00   2.03250E+00   1.68262E+00   1.77332E+00   1.86120E+00   1.94777E+00 
   2.01480E+00   1.98992E+00   1.87619E+00   1.76744E+00   1.70837E+00   1.67413E+00 
   1.66580E+00   1.67377E+00   1.68783E+00   1.66263E+00   1.67978E+00   1.74981E+00 
   1.78926E+00   1.83495E+00   1.90773E+00   2.01827E+00   2.11016E+00   2.22409E+00 
   2.39773E+00   2.58996E+00   2.75977E+00   2.95446E+00   3.57279E+00   3.86765E+00 
   4.40508E+00   5.13396E+00   6.25147E+00   6.57487E+00   7.12671E+00   8.47130E+00 
   1.08794E+01   9.94453E+00   1.01007E+01   2.33848E+01   1.17760E+01   2.89221E+01 
   3.33638E+01   2.70668E+01   3.60727E+01   4.23721E+01   7.06393E+01   9.03581E+01 
   1.14581E+02   7.09028E+01   7.23883E+00   3.62580E+01   1.08308E+02   1.93823E+02 
   2.59456E+02   2.05805E+01   1.60571E+02   8.77570E+00   8.91208E+00   1.06383E+01 
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   1.33451E+01   1.72270E+01   2.11867E+01   2.46502E+01   2.90167E+01   3.46644E+01 
   4.21910E+01   5.25810E+01   6.75359E+01   9.01693E+01   1.26503E+02   1.89304E+02 
   3.08577E+02   5.64531E+02 
 

Table IV. 2 Uranium 238 microscopic cross section data 

production(from group 1 to group 74) 
   3.59261E+00   2.85853E+00   1.69501E+00   1.63642E+00   1.46603E+00   1.44808E+00 
   1.38274E+00   9.05580E-01   1.24873E-01   3.47321E-02   6.41119E-03   1.69603E-03 
   7.45663E-04   4.16915E-04   2.21915E-04   2.46912E-04   2.21606E-04   1.05267E-04 
   8.85272E-05   1.06715E-04   2.22668E-04   1.93396E-04   8.86315E-05   1.61720E-04 
   2.50035E-04   3.06804E-04   2.67529E-04   1.61223E-04   3.54022E-04   9.55655E-05 
   2.45278E-08   5.92992E-09   2.52117E-09   5.69438E-09   3.42308E-08   8.58370E-07 
   2.50188E-03   7.12038E-05   8.99161E-03   6.11080E-05   2.16101E-06   1.26661E-05 
   3.77980E-06   1.54534E-05   4.58149E-07   3.90870E-06   1.34037E-05   2.65009E-05 
   9.39137E-07   1.39682E-06   1.74854E-05   2.91854E-06   1.63430E-04   3.52780E-06 
   1.62783E-06   8.73717E-07   2.79797E-05   1.75910E-05   5.00494E-06   4.11678E-06 
   3.97294E-06   4.08378E-06   4.26041E-06   4.41656E-06   4.59696E-06   4.80308E-06 
   5.03116E-06   5.28459E-06   5.55806E-06   5.85692E-06   6.17911E-06   6.52979E-06 
   6.90398E-06   7.30729E-06 
 fission(from group 1 to group 74) 
   9.89288E-01   8.49578E-01   5.40464E-01   5.58681E-01   5.31115E-01   5.42566E-01 
   5.25744E-01   3.48190E-01   4.84516E-02   1.35840E-02   2.52143E-03   6.70287E-04 
   2.95764E-04   1.65826E-04   8.84728E-05   9.86038E-05   8.86089E-05   4.21360E-05 
   3.54621E-05   4.27788E-05   8.92990E-05   7.75865E-05   3.55678E-05   6.49148E-05 
   1.00381E-04   1.23189E-04   1.07430E-04   6.47435E-05   1.42098E-04   3.83743E-05 
   9.85857E-09   2.38026E-09   1.01370E-09   2.28513E-09   1.37683E-08   3.44373E-07 
   1.00489E-03   2.85982E-05   3.61195E-03   2.45557E-05   8.67961E-07   5.08859E-06 
   1.51800E-06   6.20817E-06   1.84069E-07   1.57010E-06   5.38409E-06   1.06454E-05 
   3.77271E-07   5.61112E-07   7.02408E-06   1.17243E-06   6.56552E-05   1.41719E-06 
   6.53933E-07   3.50980E-07   1.12398E-05   7.06666E-06   2.01058E-06   1.65379E-06 
   1.59601E-06   1.64053E-06   1.71149E-06   1.77422E-06   1.84669E-06   1.92949E-06 
   2.02111E-06   2.12292E-06   2.23278E-06   2.35284E-06   2.48227E-06   2.62314E-06 
   2.77346E-06   2.93548E-06 
absorbtion(from group 1 to group 74) 
   9.93108E-01   8.54941E-01   5.48016E-01   5.69321E-01   5.46595E-01   5.65828E-01 
   5.61308E-01   4.04509E-01   1.41483E-01   1.39137E-01   1.23189E-01   1.13153E-01 
   1.08547E-01   1.12391E-01   1.19378E-01   1.28180E-01   1.40555E-01   1.55619E-01 
   1.80945E-01   2.17729E-01   2.72410E-01   3.43239E-01   3.92940E-01   4.38121E-01 
   4.85724E-01   5.37096E-01   5.83438E-01   6.12357E-01   6.07322E-01   7.54261E-01 
   7.74494E-01   7.48628E-01   9.29823E-01   9.43291E-01   9.49739E-01   9.33879E-01 
   1.30843E+00   1.48940E+00   1.54707E+00   1.56580E+00   1.30923E+00   1.43097E+00 
   2.03598E+00   2.45197E+00   1.52528E+00   5.27991E+00   2.65210E+00   4.75081E+00 
   1.42402E-01   2.05019E+00   1.45377E+01   7.20227E-01   2.76584E+01   4.50570E-01 
   3.40654E-01   8.70034E-01   2.94078E+01   9.49631E+00   1.12848E+00   6.15580E-01 
   5.01802E-01   4.67792E-01   4.64516E-01   4.69767E-01   4.79177E-01   4.92164E-01 
   5.08295E-01   5.27538E-01   5.49249E-01   5.73803E-01   6.00910E-01   6.30980E-01 
   6.63501E-01   6.98930E-01 
 

We then investigated the contribution of each fissile and fissionable material to the total 

fission but we got that the Pu-239 was dominant do we focus do process the fission yield 

data based on Pu-239 fissile data 
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Next we calculate the fission yield produced by fission in each energy group for each 

important nuclide. The example of the results is given in Table IV.3 for Ru-101. 

Table IV.3 Fisssion yield data for Ru-101 from each group fission  
G Independent Cumulative 
1 1.349347E-08 6.282428E-02 
2 1.569870E-08 6.142716E-02
3 1.790394E-08 6.003004E-02 
4 2.010917E-08 5.863292E-02 
5 2.231440E-08 5.723580E-02 
6 2.451964E-08 5.583868E-02 
7 2.672487E-08 5.444156E-02 
8 2.893010E-08 5.304445E-02 
9 3.113534E-08 5.164733E-02 
10 1.328823E-08 5.900539E-02 
11 1.323276E-08 5.909721E-02 
12 1.317729E-08 5.918903E-02 
13 1.312181E-08 5.928085E-02 
14 1.306634E-08 5.937266E-02 
15 1.301087E-08 5.946448E-02 
16 1.295539E-08 5.955630E-02 
17 1.289992E-08 5.964812E-02 
18 1.284445E-08 5.973993E-02 
19 1.278897E-08 5.983175E-02 
20 1.273350E-08 5.992356E-02 
21 1.267803E-08 6.001538E-02 
22 1.262255E-08 6.010720E-02 
23 1.256708E-08 6.019901E-02 
24 1.251161E-08 6.029083E-02 
25 1.245613E-08 6.038265E-02 
26 1.240066E-08 6.047447E-02 
27 1.234519E-08 6.056628E-02 
28 1.228971E-08 6.065810E-02 
29 1.223424E-08 6.074992E-02 
30 1.217877E-08 6.084174E-02 
31 1.212329E-08 6.093355E-02 
32 1.206782E-08 6.102537E-02 
33 1.201235E-08 6.111719E-02 
34 1.195687E-08 6.120900E-02 
35 1.190140E-08 6.130082E-02 
36 1.184593E-08 6.139264E-02 
37 1.179046E-08 6.148445E-02 
38 1.173498E-08 6.157627E-02 
39 1.167951E-08 6.166809E-02 
40 1.162404E-08 6.175990E-02
41 1.156856E-08 6.185172E-02 
42 1.151309E-08 6.194354E-02 
43 1.145762E-08 6.203536E-02 
44 1.140214E-08 6.212717E-02 
45 1.134667E-08 6.221899E-02 
46 1.129120E-08 6.231081E-02 
47 1.123572E-08 6.240262E-02
48 1.118025E-08 6.249444E-02 
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49 1.112478E-08 6.258626E-02 
50 1.106930E-08 6.267808E-02 
51 1.101383E-08 6.276989E-02 
52 1.095836E-08 6.286171E-02 
53 1.090288E-08 6.295352E-02 
54 1.084741E-08 6.304534E-02 
55 1.079194E-08 6.313716E-02 
56 1.073647E-08 6.322897E-02 
57 1.068099E-08 6.332079E-02 
58 1.062552E-08 6.341261E-02 
59 1.057005E-08 6.350443E-02
60 1.051457E-08 6.359624E-02 
61 1.045910E-08 6.368806E-02 
62 1.040363E-08 6.377988E-02 
63 1.036202E-08 6.384874E-02 
64 1.033428E-08 6.389465E-02 
65 1.030655E-08 6.394055E-02 
66 1.027881E-08 6.398647E-02
67 1.025107E-08 6.403238E-02 
68 1.022334E-08 6.407828E-02 
69 1.019560E-08 6.412419E-02 
70 1.016786E-08 6.417010E-02 
71 1.014013E-08 6.421601E-02 
72 1.011239E-08 6.426191E-02 
73 1.008465E-08 6.430782E-02
74 1.005692E-08 6.435373E-02 

 

Finally we generated the fission yield data for each important nuclide 

as shown in Table IV.4. 

 

Table IV.4  Fission Yield Data for Important Nuclides 

No. Nuclide Independent Cumulative 
1 44101 1.39488412E-08 0.0594559051 
2 46105 7.24691418E-11 0.0528501496 
3 43099 8.94911238E-08 0.0598406382 

4 45103 1.10945884E-10 0.0682032108
5 55133 1.2921422E-06 0.0686191767 
6 46107 5.61074742E-08 0.0328232199 
7 42097 8.35450635E-07 0.0536595806 
8 62149 2.97196734E-09 0.0122768953 
9 61147 1.76317592E-08 0.0201525874 
10 60145 9.16564176E-08 0.0293119382 
11 55135 0.000143690457 0. 
12 60143 5.13469302E-11 0.0428884849 
13 54131 8.18919432E-07 0.0390982628 
14 44102 4.00069894E-07 0.0604525246 
15 62151. 1.20191066E-06 0.00770399207 
16 42095 4.79276396E-10 0.0479308628 
17 42098. 1.52272778E-05 0.0569780767 
18 47109 1.54989905E-08 0.0192497894 
19 44104 5.83728724E-05 0.0599739552 
20 42100 0.00116378581 0.0667999163 
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21 63153 1.04220319E-07 0.00380806136 
22 40093 1.12774869E-05 0.038283091 
23 44103 6.54340784E-06 0.0682032108 
24 59141 6.37891129E-10 0.0513297245 
25 53129 9.84646067E-06 0.015332452 
26 40095 0.00111476786 0.0479257517 
27 40096 0.00546665257 0.049789656 
28 60146 2.0546679E-06 0.0241217129 
29 54132 5.22244482E-05 0.0537467673 
30 46108 1.02779777E-05 0.0214385558 
31 41095 4.21908271E-06 0.0479200929
32 58141 4.06300796E-06 0.0513297245 
33 40091 3.29098562E-08 0.0246609803 
34 40092 2.57482975E-06 0.0299894158 
35 54134 0.00104259967 0.0746262074 
36 44106 0.00478176028 0.0425091088 
37 62152 1.12275375E-05 0.00586442789 
38 60148 0.000230132951 0.0161371008
39 48111 9.53392365E-10 0. 
40 37085 3.76806099E-07 0.00596903265 
41 53127 6.72185649E-08 0. 
42 57139 1.51741406E-05 0. 
43 46106 5.20088994E-09 0.0425161459 
44 63155 6.24127051E-06 0. 
45 40094 0.000139707321 0.0433628
46 62147 7.33138702E-13 0.0201525874 
47 58142 5.83158871E-05 0.0482551605 
48 60150 0.00257304939 0.00967459101 
49 60147 3.15005091E-05 0.0201525111 
50 55137 0.00723981159 0.0654700324 
51 39091 3.37635788E-06 0.024660904 
52 60144 2.12788609E-09 0.0365167931 
53 36083 3.97525184E-07 0.00309072481 
54 58144 0.00190069433 0.0365113653 
55 64157 5.38209179E-07 0.000826512056
56 46110 0.000235285333 0.00678964658 
57 42099 0.00016201062 0.0598405376 
58 64156 8.1606693E-08 0.00128967955 
59 48113 8.94998422E-08 0.00153323298 
60 55134 1.26644045E-05 2.84286089E-05
61 63154 5.24785719E-07 1.09989969E-06
62 58140 2.19996153E-07 0.0540958382 
63 51125 9.95659284E-05 0.00240752683 
64 65159 3.34624417E-08 0.000259730499
65 62154 0.000204086493 0.00275957375 
66 38090 0.000506891985 0.0211175736 
67 53131 0.00060731516 0.0390940532 
68 39089 6.96272018E-09 0.0174264144 
69 56138 0.00062428799 0.0590804704 
70 59143 4.51386285E-07 0.0428884849 
71 35081 7.70846214E-07 0. 
72 52130 0.00385167915 0.0249443837 
73 49115 4.8210044E-08 0.00102181779 
74 52128 0.000155515387 0.00909668952
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75 48112 7.40597983E-08 0.0022579045 
76 52129 0.000610249641 0.00200529373 
77 37087 6.0477927E-05 0.0101353796 
78 36084 1.00259203E-05 0.00506843394 
79 54133 0.000174431727 0.0686179176 
80 51121 1.36808509E-07 0.0013621588 
81 52127 2.26742177E-05 0.000875361147
82 61148 2.81923462E-07 2.81923462E-07
83 34079 8.83708481E-07 0.000518747373
84 45105 5.52293386E-07 0.0528501496 
85 62150 8.83653115E-08 2.21177816E-05
86 51123 1.0363422E-05 0.00160690665 
87 64155 8.9122576E-09 0.00179360155 
88 50117 1.08045128E-09 0.00131984882 
89 61149 5.79242806E-06 0.0122768888 
90 54136 0.0305194221 0.066190742 
91 46104 8.52468215E-13 2.35028459E-08
92 64158 2.78086827E-06 0.00048069976
93 44100 3.88423099E-10 2.12777377E-06
94 36085 8.35864266E-05 0.00133366848 
95 38089 5.34944957E-05 0.0174264014 
96 48114 3.77324818E-06 0.00144537922 
97 38088 4.13364023E-06 0.0140417218 
98 50119 1.50662146E-07 0.00122217531 
99 62148 6.33070263E-11 3.86537693E-07
100 34082 0.000532393111 0.00213768682 
101 56136 2.21158416E-06 0.00130924035 
102 47110 7.73662862E-07 7.73662862E-07
103 34077 5.86704435E-11 9.47328372E-05
104 36086 0.000686592888 0.00788113568 
105 63156 2.09438167E-05 0.00128960051 
106 34080 1.54168374E-05 0.0011528678 
107 63151 2.19690613E-10 0.00770399207 
108 48116 8.04563824E-05 0.00124024425 
109 50118 1.39797379E-07 0.00121764641 
110 48110 3.5894171E-10 9.93145591E-07
111 34078 3.40994966E-08 0.000300992629
112 54130 2.62221761E-07 0.000116128431
113 56137 2.25803033E-05 0.0655588508 
114 64160 2.04950757E-05 0.000141239143
115 56140 0.010802621 0.0539481267 
116 50126 0.00207613781 0.0036603976 
117 52125 1.0644932E-07 0.00240827538 
118 50120 6.40889766E-06 0.00119782588 

 

From the obtained data we found that to get highly accurate FP 

treatment in burn-up calculation we should modify the fission yield and 

burn-up chain in the cell burn-up calculation. In the present study we 

select UCM66 as burnup-chain model in SRAC due to the consideration the 

nearest chain to the results of our second year study. WE then use the 
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spectrum and cross section to generate fission yield data along with 

JENDL library data.  

 In the next study we should consider iteration in which we modif 

burnup chain data and feedback the fission yield data in the cell 

burnup model to get more accurate FP treatment during fast reactor 

burnup calculation. 
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CONCLUDING REMARK 

 

In the present study we select UCM66 as burnup-chain model in SRAC due to the 

consideration the nearest chain to the results of our second year study. We then use this 

scheme to calculate RBEC Benchmark. 

Frm the main parameter comparison such as effective multiplication constant we found 

that our RBEC benchmark results in the range of RBEC Benchmark calculation results of 

all participans. However if we compare with the the results other participans in detail we 

can conclude that the burn-up results tend to give higher value and it may caused by 

under estimate of FP grup constants. 

We then use the spectrum and cross section to generate fission yield data along 

with JENDL library data. In the next study we should consider iteration in which we 

modif burnup chain data and feedback the fission yield data in the cell burnup model to 

get more accurate FP treatment during fast reactor burnup calculation. 
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