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Abstract: This paper presents the development of anautomated generation of a new 
burnup chainfor reactor analysis applications.TheJENDL FP Decay Data File 2011 and 
Fission Yields Data File 2011 were used as the data sources. The nuclides inthe new 
chain are determined by restrictions of the half-life andcumulative yield of fission 
products or from a given list. Then, decay modes, branching ratios and fission yields are 
recalculated taking into account intermediate reactions. The new burnup chain 
isoutputaccording to the format forthe SRAC code system. Verification was performed to 
evaluate the accuracy of the new burnup chain. The results show that the new burnup 
chain reproduces well the results of a reference one with 193 fission products used in 
SRAC. Further development and applications are being planned with the burnup chain 
code. 

Keyworks: burnup chain,fission product, half-life, branching ratio, decay mode, 
cumulative yield, fission yield. 

 

I. INTRODUCTION 
Precise prediction of fuel composition during burnup is essential in reactor core 

analysis.In numerical codes, a burnup matrix is formed from a burnup chain, microscopic 
cross section data and neutron fluxes,which are then solvedfor the fuel composition in each 
burnup step.The prediction accuracy of the fuel composition strongly depends on the burnup 
chain which is generated from a data library that contains various informations such as decay 
mode, fission yield. Hence,a burnup chain should be updated accordingly with the newly 
released data base.Currentburnup calculation codeslike MVP-BURN[1] and SRAC[2]usethe 
burnup chain derived from JNDC Nuclear Data Library of Fission Products – second 
versionreleased in 1990[3]. Meanwhile, recently more updated data bases are available such 
as the data files of JENDL released in 2011[4]. Therefore, updating the burnup chain with 
more recent nuclear data base is necessary. 

In the present work, anautomated generation method of burnup chain for fission 
products (FPs) has been developed for various applications of reactor analysis. The code, 
named AGBC, uses JENDL FP Decay Data File 2011 and Fission Yields Data File 2011 [4] 
as the main data source to generate a burnup chain and to calculatethe associated fission 
yields. The data of neutron capture reactions are taken from JNDC Nuclear Data Library of 
Fission Products – second version[3].The transmutation of heavy nuclides and the formation 
of pseudo fission products are not considered in this code. 1284 FPs are explicitly taken into 
account in the generation of the new burnup chain. The final list of FPs included in the burnup 
chain isdeterminedfrom the restriction conditions of half-life, cumulative yeildand/or user 
input. Then, the code generates a burnup chain automaticallyaccording to the selectedlist of 
FPs and outputsit according to the format used in the SRAC code[2].Verification calculation 
was performed to evaluate the accuracy of the new burnup chainvia comparison with a 
reference burnup chain with 193 FPsused in SRAC.  
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II. REEVALUATION OF DECAY MODE, BRANCHING RATIO AND FISSION YIELD 

In general, nuclides produced by a fission reactionare unstable and arecontinuously 
transmutedto other FPs throughradioactive decay, neutron capture reaction and so on until 
they reachfinal stable isotopes. Thus, a nuclide can probablybetransmuted to many different 
nuclides via different processes.The possibilities of the processes are specified by the half-life 
of the nuclide and its daughters, decay modes and branching ratios. All these data together 
with the independent yields of allFPs can be collected from the current available data source 
files. These data are then used to calculate the fission yield of FPs in a new burnup chain. 

In common burnup calculation codes, only a few dozen to a few hundreds of FPs are 
taken into account in the burnup chain. For instance, the burnup chain th2cm6fp193bp6T used 
in the SRAC and the MVP-BURN consists of 193 FPs. In fact, the total number of FPs in data 
file is much larger, e.g., 1284 nuclides.Many of them have very short half-life and are 
transmuted to other nuclides shortly via decay. Those with very short half-life are not usually 
included in the burnup chain. Therefore,in order to include the short half-life FPs in the 
burnup chain, intermediate reactions must beconsidered to connect the burnup chain. Fig.1 
shows an example of the part of a burnup chain taken from the model of fp193bp6T/F used in 
the SRAC code. In the present work,new reactions are used instead of the intermediate 
reactions and then algorithms are usedto reevaluate the coefficients of the new reactions. 

 
Fig.1 Apartof burnup chain in the model fp193bp6T/F[2] 

(EC: Electron Capture; IT: Isomeric Transition) 

1. Decay mode 
Table 1 shows various types of FPs in the total of 1284 nuclides provided in JENDL FP 

Decay Data File 2011 and Fission Yields Data File 2011[4]. Only some of them are included 
in the current burnup chain for specific purposes. Once the list of selected FPs is determined, 
the rest in the total 1284 nuclides will be excluded from the burnup chain. Hence, in order to 
keep the burnup chain connected, intermediate reactions are consideredin which the short 
half-life nuclides are considered as the intermediate nuclides. Then,a new reaction is 
determined with reevaluated decay modes to replace the intermediate reactions. In the case of 
two intermediate reactions, the new reaction can be determined as follows: 
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Real reaction:    A B C 

New reaction:    A → C 
where: 

Nuclides A and C are included in the burnup chain.  

Nuclide B1with a short half-life isconsidered as an intermediate nuclide which is 
excludedin the burnup chain. 

R1 and R2 are the intermediate reactions.  
R is the new reaction instead of R1 and R2. 

Table 2shows a list of possible intermediate reactions R1 and R2 and the definition of 
new reaction R that have been specified in the AGBC code. The new reaction R is defined 
according to R1 because all reaction parameters of the new reaction directly concern the 
nuclide A and reaction R1.In addition, other possible reactions in the decay modes that consist 
of three or four intermediate reactions have also been taken into account. The form of decay 
modes with three intermediate reactions is expressed as: 

A B B C 
and that for the four intermediate reactions is expressed as: 

A B B B C 
In order to determine the intermediate reactions and to define new reaction, a maximum 
threshold value of half-life is given. If a nuclide has a half-life less than the maximum value, 
it is then considered as an intermediate nuclide and a new reaction will be defined. On the 
other hand, if the half-life of Bi is greater than the maximum value, no intermediate reaction is 
treated. 

Table 1 Number of fission products in various types 

No. of FPs Data types 

1284 Total number of contained nuclides 

142 Stable nuclides 

1142 Unstable nuclides 

252 Isomeric states 

22 Second isomeric states 

 
2. Branching ratio 

Fig.2 displays an example of the transmutation of nuclide A to nuclide C via several 
branching processes. There exist several possible paths with different intermediate reactions. 
A path to transmute nuclide A to nuclide C is defined as a successive series of reactions 
starting from A and ending at C in Fig.2such as: 

A
→

⎯⎯⎯⎯ B
→

⎯⎯⎯⎯⎯ B
→

⎯⎯⎯⎯⎯ B
→

⎯⎯⎯⎯ C 
where,BRA→Bisthe branching ratio from A to B and Biisthe intermediate nuclide. Thus,the 
branching ratios have to be recalculated with the new reaction proposed herein.The new 



4 
 

branching ratio of the reaction is the sum of the branching ratios of all the possible paths from 
A to C. The branching ratio of the above consecutive decays/reactions is the product of all 
intermediate branching ratios as follows: 

 
3 3 2 2 1 1path A B B B B B B CBR BR BR BR BR        (1) 

The total branching ratio of the new reaction to transmute nuclide A to nuclide C is calculated 
as the sum of the branching ratios of all possible paths and is written as follows: 

 A C path
all  possible paths

BR BR    (2) 

Table 2Intermediate reactions and the definition of new reactions of the decay mode. 

No R1 R2 R 
1 β- β- β- 
2 β- Delayed β- 
3 β- IT β- 
4 β+ β+ β+ 
5 β+ IT β+ 
6 Delayed Delayed Delayed 
7 Delayed β- Delayed 
8 Delayed IT Delayed 
9 IT IT IT 

10 IT β- IT 
11 IT β+ IT 
12 IT Delayed IT 
13 n_capture n_capture n_capture 
14 n_capture Decay n_capture 
15* Decay n_capture Decay 

*The reaction can be defined viainput data. 

 

 
Fig.2Diagram of the intermediate reactions to transmute nuclide A to nuclide C. Nuclides A 

and C are included in the burnup chain, while Bi is the intermediate nuclide. 

3. Fission yields 
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This section presents the determination of the independent, the cumulative and fission 
yields. The independent yieldis the number of a fission product produced directly from a 
fission reaction. The cumulative yield of a FPis the totalnumber atoms of that FP produced 
over all time after one fission[4].Thus, once the independent yield is obtained, the cumulative 
yield is calculated as: 

          k kc i c k k A ,Z A,Z
k all  precursors

Y A, Z Y A, Z Y A , Z BR 


    (3) 

where 
(A,Z) denotes a nuclide with the mass number A and the atomic number Z, respectively. 

Yc(A,Z) and Yi(A,Z) arethe cumulative yield and the independent yield of nuclide 
(A,Z), respectively. 

Yc(Ak,Zk) isthe cumulative yield of (Ak,Zk) which is a precursor of nuclide (A,Z). 

BR( , )→( , )is the branching ratio of (Ak,Zk)→(A,Z) radioactive decay reaction. 

When a specific burnup chain is determined, the fission yield is calculated by subtracting the 
contribution of the included precursors from the cumulative yield to avoid double counting. 
For example, the fission yield of Ge74 in the burnup chain fp193bp6T/F (Fig.1) is calculated 
as follows: 

      *
c c c Ge73 Ge74Y Ge74 Y Ge74 Y Ge73 BR     (4) 

where 

Y∗(Ge74) is the fission yield of Ge74. 

Yc(Ge73) and Yc(Ge74)are the cumulative yields of Ge73 and Ge74, respectively. 
BRGe73→Ge74 is branching ratio from Ge73 to Ge74. 

The estimation of fission yields depends on the design of a burnup chain, and is a very 
complicated task[5].An approach of chosing appropriate independent yields or cumulative 
yields and adjusting several cumulative yields to estimating fission yields was used in Ref. 
[6].In some published documents, AVRFPY code was used to calculate fission yields using 
ENDF data by summing independent yields for precursors that were not treated explicitly in 
burnup chains[7], [8]. 

In the AGBC code, we usea new algorithm to calculate the fission yield for each FP.If 
all reactions in the burnup chain are direct, i.e.,no intermediate reaction, the sum of the yields 
of all precursors in Eq.(3) is replaced by the sum of the yields of the precursors which are not 
included in the burnup chain. In this case, the FPs’ yield is calculated as follows: 

         m m

*
c i c m m A ,Z A,Z

m

Y A, Z Y A, Z Y A , Z BR     

        n nc c n n A ,Z A,Z
n

Y A, Z Y A , Z BR     (5) 

where 

Y∗ is the fission yield of nuclide (A,Z). 
m is the sub-index for the precursor which is not included in the burnup chain. 

n is the sub-index for the precursorwhich is included in the burnup chain. 
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When a burnup chain with intermediate reactions is determined, the intermediate reactions 
and the paths must be treated in the calculation of fission yields. Then the terms of Eq. (5) 
become more complicated form as follows: 

 

         

     

m m

n n

*
c i c m m A ,Z A,Z

m
'
c n n A ,Z A,Z

n

Y A, Z Y A, Z Y A , Z BR

                Y A , Z BR





  

 




 (6) 

where 
m is the index for precursor which is neither included in the burnup chain nor the 
intermediate reactions. 
n is the index for precursor which is not included in the burnup chain but in the 
intermediate reactions. 

Y (A , Z )isthe adjusted cumulative yield of (An,Zn) in the reaction (A , Z ) → (A, Z), 
depending on the intermediate reactions.  

Considering a reaction chain shown in Fig.3,the adjusted cumulative yields are calculated as 
follows: 
for intermediate nuclide B1: 

        '
c 1 c 1 c 2 1 4Y B Y B Y A BR BR BR      (7) 

and for intermediate nuclide B2: 

      '
c 2 c 2 c 1Y B Y B Y A BR    (8) 

 
Fig.3 A burnup chain with intermediate branching ratios 

 
III. GENERATION OF BURNUP CHAIN AND VERIFICATION 

The AGBC code has been developed for automated generation of a detailed burnup 
chain for various purposes which can be specified via input data. The code produces 32 output 
files including one burnup chain file of the selected FPs and 31 files of the fission yields for 
31 heavy nuclides. These output files have the same format as that of the SRAC [2] so that it 
is convenient to replace the old burnup chains used in the SRAC or the MVP-BURN codes by 
the new ones. Fig.4 shows the flow chart of the AGBC. Firstly, necessary data of all 1284 
nuclides such as decay mode, independent yield and neutron capture are read from the data 
source files. These data are then processed for the generation of a new burnup chain. 
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Secondly, a list of FPs of the new burnup chain is determined via definitions in the input. 
There are two ways to input the list of FPs: by a given list of FPs or by restrictions of half-life 
and cumulative yield. Once the list of FPs is determined, the decay modes, branching ratios 
and fission yields of all the FPs are recalculated using the algorithms presented in the 
previous section. Finally, the output files of the new detailed burnup chain and fission yields 
are generated. 

Verification of the AGBC code was performed by reproducing a burnup chain with 193 
FPs and comparing with the referenceth2cm6fp193bp6T chain used in SRAC[2]. The 
referenceth2cm6fp193bp6T chain was generated using the decay constants and the fission 
yields from the Chart of Nuclides 2004 and the JNDC Nuclear Data Library of Fission 
Products – second version, respectively. Thus, in order to verify the generation of a new 
burnup chain, we first use the same data source as used to generate the th2cm6fp193bp6T 
chain, i.e., the JNDC Nuclear Data Library of Fission Products – second version, and compare 
it with the reference one.Two upper bounds of half-life given in Table 3 were set as 
restrictions to reevaluate decay modes and calculate cumulative and fission yields. 

Tables 4, 5 and 6 show the comparison of the branching ratios and the fission yields of 
several FPs in the two burnup chains using the same data sources.A good agreementin the 
branching ratios is given inTable 4.Some differences of the neutron capture reactions and the 
branching ratios of nuclides Se-76, Kr-86, I-91, Pd-106 and Sn-116 are given inTable 5. This 
is becausetheneutron capture reaction of Y-91 is not included in the data source used in the 
AGBC code.On the other hand,the decay reactions of Kr-86, Pd-106 and Sn-116 are not 
considered in the th2cm6fp193bp6T chain. 

 
Fig.4Flow chart of the AGBC code for automated generation of burnup chain. 

Table 6 shows the comparison of fission yields between the two burnup chains 
assuming U-235 fuelin a thermal spectrum. Excellent agreement between the two chains was 
obtained with the deviation within 10-4%.Two main differences were found at the fission 
yields of Pd-106 and Sn-116. It is because the 훃 decay of Rh-106 is not included in the 
th2cm6fp193bp6T chain (seeTable 5). Whereas, the difference in the fission yield of Sn-116 is 
because the contribution of In-116 to the fission yield of Sn-116 is not taken into account in 
the th2cm6fp193bp6T.The comparison shows that the AGBC code well reproduce a burnup 
chain used in the SRAC when using the same data source. It gives a certain confidence on the 
verification of the code and further application to generate a new detailed burnup chain using 
newly released data source 

+ Read decay data

+ Read Independ-
ent yield data

+ Read neutron 
capture data

+ Determine FPs

+ Reevaluate 
reaction mode

+ Recalculate 
branching ratio

+ Calculate fission 
yields

+ Detailed burnup
chain of the FPs

+ Fission yields of 
the FPs for 31 
heavy nuclides
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Table 3Upper bounds of half-lifefor intermediate decay and cumulative or fisstion yields. 

Variables Meaning Value (s) 
 

Tfix 
Upper bound of half-life used to intermediate 
decays. Nuclides with half-lifeshorter than Tfix 
are considered as intermediate nuclides. 

 
4.0×106 

 
Tmax 

Upper bound of half-life for cumulative yield or 
fission yield. Nuclides with half-life are greater 
than Tmaxare considered as stable nuclides. 

 
4.0×106 

 
Table 4Comparisonof capture ractions and branching ratios between the new burnup chain 

and the reference one using the same data sources. 

AGBC's chain SRAC's chain 
FP 

Parents 
N_Parent 

R_Type BR 
FP 

Parents 
N_Parent 

R_Type BR 
NB095 2   NB095 2   
ZR095 BETA- 0.999775 ZR095 BETA- 0.999775 
NB094 CAPTURE 0.999025 NB094 CAPTURE 0.999025 

  
MO092 0   MO092 0   

            
MO094 1   MO094 1   
NB094 BETA- 1 NB094 BETA- 1 

  
MO095 4   MO095 4   
NB095 BETA- 1 NB095 BETA- 1 
MO094 CAPTURE 1 MO094 CAPTURE 1 
ZR095 BETA- 0.000225 ZR095 BETA- 0.000225 
NB094 CAPTURE 0.000975 NB094 CAPTURE 0.000975 

  
MO096 2   MO096 2   
MO095 CAPTURE 1 MO095 CAPTURE 1 
NB095 CAPTURE 1 NB095 CAPTURE 1 

  
MO097 1 0 MO097 1 0 
MO096 CAPTURE 1 MO096 CAPTURE 1 

 
Now the code is applied to produce a new burnup chain using the updated data sources. 

The decay modes, branching ratios and half-lives of all nuclides are taken from the JENDL 
FP Decay Data File 2011. The data of independent yields of all nuclides are taken from the 
Fission Yields Data File 2011. Since the data of neutron captures are not included in the two 
updated data files, they are collected from the JNDC Nuclear Data Library of Fission Products 
– second version. Table 7 shows a comparison of branching ratio after neutron capturein the 
new burnup chain generated with the updated data sources with the reference chain. One can 
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see some examples of the differences in the capture reactions and the branching ratios 
between the two chains.  

Tables 8 and 9 presents the deviation of fission yields of the new burnup chain from the 
reference th2cm6fp193bp6T chain. The deviation of the fission yields of some typical nuclides 
(with the fission yields greater than 10-3) is found within 3%. For nuclides with the smaller 
fission yields, the deviation is larger. Since the method of bunrup chain generation was 
verified via well repoducing the reference th2cm6fp193bp6T chain using the same data 
source. Then it gives certain confidence of the generation of the new burnup chain with the 
updated data sources. However, the effect of the new burnup chain should be evaluated via 
further application with burnup calculations and so on. These are being planned as future 
works. 

Table 5Differencein capture reactions and branching ratios betweenthe new burnup chain and 
the reference one using with the same data sources. 

AGBC's chain SRAC's chain  
FP 

Parents 
N_Parent 

R_Type 
 

BR 
FP 

Parents 
N_Parent 

R_Type 
 

BR 
SE076 1  SE076 1  
AS075 CAPTURE 0.9998 AS075 CAPTURE 1 

 
KR086 2  KR086 1  
KR085 CAPTURE 1 KR085 CAPTURE 1 
RB086 EC 0.00005    

 
Y-091 1  Y-091 2  
SR090 CAPTURE 1 SR090 CAPTURE 1 

   Y-090 CAPTURE 1 
 

PD106 3  PD106 3  
RH106 BETA- 1 RU106 BETA- 1 
PD105 CAPTURE 1 PD105 CAPTURE 1 
RH105 CAPTURE 0.313 RH105 CAPTURE 1 

 
SN116 2  SN116 1  
IN115 CAPTURE 1 IN115 CAPTURE 1 
IN115 BETA- 1    
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Table 6 Comparison of fission yields using the same data source with the reference chain 

Nuclide AGBC SRAC Dev (%) 
PD104 7.36E-10 7.36E-10 -1.36E-04 
PD105 1.00E-12 1.00E-12 0 
PD106 1.21E-07 1.73E-07 2.99E+01 
PD107 1.40E-03 1.40E-03 0 
PD108 6.69E-04 6.69E-04 0 
CD116 1.69E-04 1.69E-04 5.91E-04 
IN113 4.23E-14 4.23E-14 0 
IN115 1.08E-04 1.08E-04 -9.29E-04 
SN116 7.40E-10 7.85E-14 -9.43E+05 
SN117 1.08E-04 1.08E-04 0 

 

Table 7Comparison of the neutron capture data and the branching ratios of the new burnup 
chain using the updated data sources with the reference chain. 

AGBC's chain SRAC's chain 
FP 

Parents 
N_Parent 

R_Type BR 
FP 

Parents 
N_Parent 

R_Type BR 
NB095 2   NB095 2   
ZR095 BETA- 0.9994 ZR095 BETA- 0.999775 
NB094 CAPTURE 0.99782 NB094 CAPTURE 0.999025 

  
MO095 4   MO095 4   
ZR095 BETA- 0.0006 ZR095 BETA- 0.000225 
NB095 BETA- 1 NB095 BETA- 1 
MO094 CAPTURE 1 MO094 CAPTURE 1 
NB094 CAPTURE 0.00218 NB094 CAPTURE 0.000975 

  
IN113 2   IN113 1   
CD113M BETA- 0.9986 CD113M BETA- 0.999 
CD113 BETA- 1       

  
CD114 2   CD114 1   
CD113 CAPTURE 1 CD113 CAPTURE 1 
IN113 CAPTURE 0.00162       

 
IV. CONCLUSION 

The AGBC code has been developed for automated generation of burnup chain from 
updated data sources provided in the JENDL FP Decay Data File 2011, the Fission Yields 
Data File 2011 and the JNDC Nuclear Data Library of Fission Products – second version. The 
newly generated burnup chain are output according to the format of bunrup chain used in the 
SRAC code system so that it allows replacing the old burnup chain. Verification was 
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performed through reproduction of the reference th2cm6fp193bp6Tburnup chain with 193 
fission productsof the SRAC using the same data source. A good agreement was found 
between the two burnup chains. A new burnup chain was also genereated using the updated 
data sources, e.g., the decay modes, branching ratios and half-lives of all nuclides are taken 
from the JENDL FP Decay Data File 2011 and the independent yields are taken from the 
Fission Yields Data File 2011. Comparison with the reference th2cm6fp193bp6T chain shows 
that the deviation of the fission yields of some typical nuclides (with the fission yields greater 
than 10-3) is found within 3%. The effect of the new burnup chain should be evaluated via 
further applications. Further development to update the data sources in the code and the 
applications of the newly generated burnup chain for reactor analysis are being planned as 
future works. 

Table 8Fission yields of the new burnup chain with the updated data sources and the deviation 
from the reference chain. 

FPs AGBC Dev (%) FPs AGBC Dev (%) FPs AGBC Dev (%) 
GE073 1.06E-06 -9.7 AG110M 1.60E-14 -100.0 BA138 6.76E-02 0.8 
GE074 3.42E-06 -7.3 CD110 0.00E+00 -100.0 BA140 6.21E-02 -1.4 
GE076 3.09E-05 -19.9 CD111 1.74E-04 -13.2 LA139 6.40E-02 0.8 
AS075 1.06E-05 -9.6 CD112 1.39E-04 -13.5 LA140 5.21E-05 -4.8 
SE076 1.65E-09 -13.7 CD113M 1.43E-06 -45.3 CE140 1.15E-09 -92.2 
SE077 7.57E-05 -10.3 CD113 1.36E-04 -15.6 CE141 5.84E-02 0.8 
SE078 2.09E-04 -4.1 CD114 1.19E-04 -15.1 CE142 5.84E-02 -0.7 
SE079 4.46E-04 -1.5 CD116 1.33E-04 -21.5 CE143 5.95E-02 0.2 
SE080 1.29E-03 -2.0 IN113 0.00E+00 -100.0 CE144 5.49E-02 0.4 
SE082 3.24E-03 -0.9 IN115 1.24E-04 15.2 PR141 4.68E-13 -97.3 
BR081 1.90E-03 -2.7 SN116 7.69E-11 97865.3 PR143 4.49E-09 -90.3 
KR082 5.46E-07 -11.8 SN117 1.17E-04 8.0 PR144 1.42E-07 -86.4 
KR083 5.44E-03 1.2 SN118 1.13E-04 3.6 ND142 4.62E-11 -95.7 
KR084 9.78E-03 -5.5 SN119M 4.58E-06 797.8 ND143 4.79E-14 -97.7 
KR085 3.27E-03 19.1 SN119 1.18E-04 -2.7 ND144 1.85E-10 -67.4 
KR086 1.85E-02 -6.0 SN120 1.26E-04 4.0 ND145 3.93E-02 0.3 
RB085 1.10E-02 10.5 SN121M 1.15E-05 62.1 ND146 2.99E-02 0.6 
RB086 6.44E-08 -19.7 SN121 1.19E-04 -3.1 ND147 2.24E-02 -0.4 
RB087 2.60E-02 1.8 SN122 1.55E-04 1.1 ND148 1.67E-02 0.1 
SR086 1.19E-10 -81.8 SN123 1.05E-05 -65.6 ND150 6.52E-03 0.6 
SR087 1.32E-08 -70.2 SN124 2.67E-04 3.2 PM147 2.49E-11 -97.4 
SR088 3.54E-02 -3.1 SN126 5.58E-04 1.7 PM148M 8.79E-11 12.4 
SR089 4.73E-02 -3.1 SB121 3.53E-11 -9.6 PM148 3.75E-11 12.2 
SR090 5.78E-02 -2.2 SB123 9.93E-05 -22.5 PM149 1.08E-02 1.3 
Y-089 2.32E-09 -82.6 SB124 8.19E-08 -22.9 PM151 4.12E-03 -1.6 
Y-090 8.96E-08 -79.2 SB125 2.89E-04 -1.5 SM147 0.00E+00 -100.0 
Y-091 5.81E-02 -1.8 SB126M 1.75E-05 984.1 SM148 1.64E-14 -99.2 
ZR090 5.13E-12 -93.2 SB126 6.20E-06 556.7 SM149 1.71E-12 -98.5 
ZR091 4.41E-10 -87.4 TE122 4.70E-09 1554.9 SM150 3.00E-07 -1.5 
ZR092 6.02E-02 0.7 TE123M 1.71E-11 1553.0 SM151 4.74E-09 -93.4 
ZR093 6.34E-02 -0.8 TE123 5.22E-12 1552.4 SM152 2.67E-03 -0.5 



12 
 

Table 9 Fission yields of the new burnup chain with the updated data sources and the 
deviation from the reference chain (continuous). 

FPs AGBC Dev (%) FPs AGBC Dev (%) FPs AGBC Dev (%) 
ZR094 6.46E-02 0.3 TE124 2.17E-08 19.5 SM153 1.58E-03 -2.0 
ZR095 6.49E-02 0.0 TE125M 2.29E-13 -99.8 SM154 7.43E-04 1.3 
ZR096 6.33E-02 1.1 TE125 6.98E-14 -99.8 EU151 2.49E-12 -0.9 

NB093M 8.39E-12 -88.9 TE126 9.13E-12 -99.8 EU152 2.56E-12 -97.9 
NB093 3.62E-11 -88.9 TE127M 2.51E-04 44.7 EU153 2.33E-09 -1.0 
NB094 2.46E-09 -85.4 TE128 3.48E-03 -1.4 EU154 1.94E-09 -92.8 
NB095 1.29E-06 2.2 TE129M 1.47E-03 104.9 EU155 3.21E-04 0.1 
MO092 0.00E+00 -100.0 TE130 1.81E-02 1.1 EU156 1.48E-04 12.5 
MO094 5.12E-12 -84.7 TE132 4.29E-02 0.1 EU157 6.14E-05 -0.2 
MO095 1.38E-08 127.9 I-127 1.27E-03 18.3 GD152 1.11E-13 -98.0 
MO096 5.43E-06 -2.9 I-129 3.90E-03 -39.6 GD154 1.12E-13 -98.3 
MO097 6.15E-02 2.4 I-130 2.11E-06 2.2 GD155 3.50E-13 -99.6 
MO098 5.71E-02 0.1 I-131 2.89E-02 0.2 GD156 1.43E-10 -82.1 
MO099 6.12E-02 0.2 I-135 6.27E-02 -0.3 GD157 1.48E-09 -74.6 
MO100 6.58E-02 5.6 XE126 8.03E-13 -38.1 GD158 3.28E-05 12.5 
TC099 1.52E-09 -89.5 XE128 9.67E-09 -3.7 GD160 3.19E-06 0.7 
RU100 5.58E-08 -81.6 XE129 0.00E+00 -100.0 TB159 1.01E-05 0.5 
RU101 5.17E-02 1.7 XE130 1.06E-07 -2.3 TB160 2.84E-10 6.2 
RU102 4.18E-02 -1.2 XE131 4.89E-09 -88.6 DY160 1.93E-14 -91.4 
RU103 3.03E-02 0.0 XE132 1.83E-04 7.9 DY161 8.52E-07 -0.1 
RU104 1.88E-02 2.0 XE133 6.69E-02 -0.2 DY162 1.59E-07 -17.2 
RU105 9.66E-03 0.2 XE134 7.87E-02 0.5 DY163 6.09E-08 -20.5 
RU106 4.01E-03 -0.4 XE135 2.56E-03 5.7 DY164 1.88E-08 -21.6 
RH103 4.90E-12 -85.2 XE136 6.33E-02 0.4 HO163 2.08E-15 -86.0 
RH105 0.00E+00 -100.0 CS133 7.91E-09 -5.3 HO165 9.50E-09 -18.5 
RH106 0.00E+00 -100.0 CS134 7.70E-08 -39.4 HO166M 9.41E-13 -88.4 
PD104 1.95E-10 -73.5 CS135 1.03E-05 -50.5 ER162 0.00E+00 0.0 
PD105 0.00E+00 -100.0 CS136 4.51E-05 -17.6 ER164 7.83E-15 -85.4 
PD106 0.00E+00 -100.0 CS137 6.16E-02 -1.8 ER166 3.62E-09 -34.4 
PD107 1.46E-03 4.0 BA134 5.25E-12 -92.8 ER167 2.47E-09 -17.9 
PD108 5.42E-04 -19.1 BA135 7.63E-10 -92.6 ER168 5.70E-10 -17.2 
PD110 2.55E-04 -16.1 BA136 1.03E-05 8686.6 ER170 5.00E-11 -15.5 
AG107 0.00E+00 -100.0 BA137M 1.32E-06 -80.1 

   AG109 3.10E-04 -10.2 BA137 5.48E-07 -80.1 
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TỰ ĐỘNG HÓA TẠO CHUỖI CHÁY ỨNG DỤNG CHO CÁC 
PHÂN TÍCH LÒ PHẢN ỨNG 

 
Tóm tắt: Báo cáo này trình bày nghiên cứu phát triển một chương trình tạo chuỗi cháy 
chi tiết cho các sản phẩm phân hạchđể dùng cho các phân tích lò phản ứng. Chuỗi cháy 
này được tạo ra sử dụng bộ số liệu JENDL mới được cập nhật năm 2011 dựa trên một số 
điều kiện của chu kỳ bán rã và suất lượng phân hạch hoặc dựa trên danh sách các sản 
phẩm phân hạch đã xác định trước. Sau đó, các loại phản ứng phân rã, tỉ số phân nhánh 
và các suất lượng phân hạch được tính toán lại dựa trên chuỗi cháy xác định và có tính 
đến các phản ứng trung gian. Các tính toán và so sánh cũng đã được thực hiện để xác 
minh độ chính xác của chuỗi cháy mới. Dựa trên chuỗi cháy của chương trình SRAC với 
193 sản phẩm phân hạch để tham khảo, chương trình đã tạo ra một chuỗi cháy mới tương 
tự với các số liệu cập nhật hơn.Các áp dụng và phát triển cao hơn của chương trình tạo 
chuỗi cháy này vẫn đang được nhóm tác giả tiếp tục nghiên cứu.  

Từ khóa: chuỗi cháy, sản phẩm phân hạch, chu kỳ bán rã, tỉ số phân nhánh, chế độ phân 
rã, suất lượng tích lũy, suất lượng phân hạch 


