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ABSTRACT 

 
In an event of accidental liberation of radioactive material to the environment from a nuclear power plant, 

decisions must be taken quickly to supply the need of mitigating actions. Thus, it is important a fast, clear and 

safe access to all information about the source term. This work describes the initiative to develop a graphic 

interface to output data for ORIGEN 2.1 code, intending a friendly and secure approach with the output data and 

other important parameters for an analysis in emergency case, known the historic of operation of a nuclear 

power plant type PWR. By using the software MATLAB it is possible to develop an output routine with graphic 

presentation to some necessary data for an emergency analysis. The interface output must be able of fix up the 

ORIGEN conventional tables in graphics. In advance, preliminary results will be presented. 

 

 

1. INTRODUCTION 

 

ORIGEN is a computer code system for calculating the buildup, decay, and processing of 

radioactive materials. ORIGEN2 is a revised version of ORIGEN and incorporates updates of 

the reactor models, cross-sections, fission products yields, decays data and decay photon data, 

as well as the source code. ORIGEN2.1 replaces ORIGEN2 and includes additional libraries 

for standard and extended-burnup PWR and BWR calculations, which are documented in 

ORNL/TM-11018 [1], [2]. It can be linked with MCNP5[3], MCNPX [4], KENO[5] and so 

on. Nevertheless, the ORIGEN2.1 code despite being a FORTRAN code and accepts input in 

a rigid manner it can be used with little practice by inexperienced user of codes with the help 

of the manual and can be easily linked with another codes.  

 

Although the ORIGEN2.1 do not have a Graphical User Interface (GUI) and the creation of 

one is intended by this project, named ‘ORIG3N-IN’, and will be developed with several 

additional features to prepare the input to ORIGEN2.1 and keeping the functionality with 

codes like MCNP[5] and KENO.  

 

A variety of computer codes are available for calculating the nuclide composition of nuclear 

reactor fuels during irradiation, e.g., MCNPX[3], TRIPOLI-4-D[3] and CASMO4[4]. Many 

of these codes are complex and highly developed, involving the use of multiple energy group 

neutron spectra and cross section to calculate the composition of the nuclear fuel as a 

function of both space and time. These codes calculate only a limited number of nuclides of 

interest to particular cases. Although they are refined enough to adequately analyses design, 

heat transfer and fuel management of nuclear reactors. 
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However, there are different classes of problems for which these reactor codes are 

inappropriate, e.g., aspects of accidental risks, source term analysis, and emergencies 

circumstances because they are expensive to use, and provide too little detail concerning the 

composition of the material of interest. The principal requirements of a reactor physics code 

for problems associated with potential nuclear accidents are that it (a) provides ample 

information concerning the composition of nuclear materials, and (b) has the capability for 

determining the principal characteristics of the nuclear materials (e.g., radioactive decay heat, 

neutron emission). ORIGEN codes are used for addressing this class of problems once its 

neutronic calculation demands less processing time.¹ 

 

The ORIGEN2.1 code despite being a FORTRAN code and accepts input in a rigid manner it 

can be used with little practice by inexperienced user of codes with the help of the manual 

and can be easily linked with another codes.  

 

The ORIG3N-IN version that is being developed in the DEN/UFMG, will be capable to fully 

construct the inputs, describing types of fuel with different concentration, location and under 

different flux and power influence. Preserving the capacity it has to reuses the output 

calculated as a new input and may do it continuously over time. However, due to the fact that 

this project is at its firsts stages of development the ‘ORIG3N-IN’ will be discussed in future 

works.  

 

In the present work the Graphical User Interface (GUI) named ‘ORIG3N-OUT’ is proposed 

to handle the output preparation of the ORIGEN2.1 code. This GUI will process the standard 

output tables from ORIGEN2.1 and present it in 2D graphical form. Validation tests will be 

performed on the code by selecting standard problems. The following sections describe this 

work in sequel.  

 

 

2. DEVELOPMENT OF ORIG3N-OUT 

 

ORIG3N-OUT is written using MATLAB version R2010b and make a graphical treatment in 

ORIGEN 2.1 output in the interest of user been kept as possible output all ORIGEN2.1 

outputs and will be added others of interest, e.g., radioactivity in Becquerel, plot of nuclide 

vs. nuclide and selection of certain groups, all within the original philosophy of ORIGEN2.1.  

 

The ORIGEN 2.1 output is compost of a great series of tables and other information 

conveniently grouped in a certain pattern. The ORIG3N-OUT is capable of track this patterns 

offering to the user the possibility to choose a desirable table among all others and by internal 

procedures accumulate each nuclide and elements historical into individual variables named 

according with its respective element and nuclides names e.g. H, H3, AG, AG106, AG108, 

AG108M.  

 

These variables are disposed alphabetically to ease it use and other variables such as the sum 

of the activation products, actinides and daughters and fission products and any two of these 

variables can be plotted. The graphic generated is supported with all basic resources needed 

to save it in various image format (fig, bmp, ai, eps, emf, jpg, pcx, pbm, pdf etc), print and 

edit. 
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To make the described above and in order to improve the program response as well as the 

intuitiveness of one user, the interface was divided into three sections, viz. (a) Table and 

nuclide group selection, (b) Plotter with variable selection, (c) graphical response to the 

required task. The user interface always opens with a default set ready to the user choose. The 

overall structure of the user interface is shown in Fig.1.  

 

 

 
 

Figure 1.  General structure of ORIG3N-OUT routine. 
 

2.1. Table and Nuclide Group Selection 

 

The nuclides in the ORIGEN 2.1 code are grouped into three segments as follows: 

 

1. Activation products, which consist of nearly all naturally occurring nuclides, their 

neutron absorption products, and the decay daughters of these products. This segment 

is principally used to handle structural materials (e.g., Zircaloy) and fuel impurities. 

2. Actinides and daughters, which contain the isotopes of the elements thorium (atomic 

number 90) through einsteinium (atomic number 99) that appear in significant 

amounts in discharged reactor fuels plus their decay daughters. 
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3. Fission Products, which consist of nuclides produced by actinide fission plus their 

decay and capture products [6]. 

 

In addition to the nuclide groups defined above the user must choose a output table to be 

presented. More details about this output tables are given in the Table 1.  

 

 

 

Table 1. Description of ORIGEN2.1 output tables 

 

Table Description Unit 

1 Isotopic composition of each element atom fraction 

2 Isotopic composition of each element weight fraction 

3 Composition gram-atoms 

4 Composition atom fraction 

5 Composition grams 

6 Composition weight fraction 

7 Radioactivity (total) Ci 

8 Radioactivity (total) fractional 

9 Thermal power watts 

10 Thermal power fractional 

13 Radioactive inhalation hazard m³ air 

14 Radioactive inhalation hazard fractional 

15 Radioactive ingestion hazard m³ water 

16 Radioactive ingestion hazard fractional 

17 Chemical ingestion hazard m³ water 

18 Chemical ingestion hazard fractional 

19 Neutron absorption rate neutrons/sec 

20 Neutron absorption rate fractional 

21 Neutron-induced fission rate Fissions/sec 

22 Neutron-induced fission rate fractional 

23 Radioactivity (alpha) Ci 

24 Radioactivity (alpha) fractional 

 

 

 

After the choice, the program will track down the values in each table with the specific 

characteristics and accumulate the historical of each individual nuclide and element in a 

variable with the same name of this nuclide e.g. H, H3, AG, AG106, AG108, AG108M. Once 

this is made the program calls for the second part and closes the first one.  

 

2.2. Description of the Plotter 

 

The plotter is the part of the program responsible to plot two variables chosen by a user. It 

uses a list box to display names of and plot variables in the base workspace of the MATLAB 

r2010b. Initially, no variable names are selected in the list box. In this point, we will have the 

control to: 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

• Update the list. 

• Select multiple variables in the list box. Exactly two variables must be selected. 

• Determine which variable will occupy the abscissa and the ordinate axes. 

• Create linear line graphs of selected variables. 

The plotter evaluates the plotting commands in the base workspace. It does no validation 

before plotting. The user is responsible for selecting pairs of variables that can be plotted 

against one another. 

 

2.3. Graphical Response 

 

The figure generated will be displayed in a standard frame from MATLAB version r2010b. 

This is made to give full freedom to the user set axes labels, title, export and save parameters 

of the figure, put arrows and every others basic possibilities given by the software to make 

any analysis and demonstration of points of interest. An example of the final view of a user 

above a plot of interest is given in Fig. 2.   

 

 

 

 

 

Figure 2.  The final answer of the program  

         to a typical operation. 

 

2.4 Restrictions 

 

This first version of the software has some restrictions to the type of file it can read and work 

on. Below are some of the restrictions and future solutions for them. 
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• The file must be a valid output of the ORIGEN 2.1 code, to be named ‘TAPE6.OUT’ 

and has to be included in the same folder of ORIG3N-OUT. In a future version any 

valid output  regardless its name and location will be a working one; 

• The ORIGEN 2.1 only displays tables of twelve columns and fifty lines at max any 

number bigger than it will be displayed in more than one table. This is not a huge 

restriction for the limited number of lines as it is for the limited number of columns 

once it brings complication in the form of different vector length for each variable, 

redundant variables names and omission of some zero values. In a near future this 

restriction and another referring to the number of max IRF, IRP and DEC commands 

will be eliminated to give access to an entire historical despite of the number of 

temporal points. 

• ORIGEN2.1 has 3 types of tables: nuclide, element and summary table. The only type 

of acceptable table entry is the ‘summary table’ which contains the values of nuclides 

and elements, this is made cause the summary table reveals only the non zero values 

for the nuclide and element tables. Soon any entry will be valid. 

• Only one OUT command must be executed in the entry, this happens once the title for 

each section must be given by the user and this brings some complications in the 

tracking. In a future version any number of OUT command will can coexist.  

 

3. VALIDATION TESTS ON ORIG3N-OUT 

 

In this section a test using one of the standard examples available in the ORIGEN 2.1 

package will be used satisfying the conditions previously discussed to generate the source 

term TAPE6.OUT files referring to the fuel and impurities.  

 

In this phase we will use a example case of the ORIGEN 2.1 available in the package 

distributed by the Oak Ridge National Laboratory: a PWR operating with 4.15% UO2 

(uranium dioxide) fuel; BURNUP = 50,000 MWD/ MTIHM, 5 cycles. In our case is only 

considered the fuel and impurities for a residing period in the core of 280 days. The 

composition is shown in Table 2. This short period is used to put in evidence the behavior of 

the three nuclides analyzed during the shutdown. To validate the partial results we will 

compare the output from ORIG3N-OUT with the output from ORIGEN2.1 showing that both 

work independently. 

 

The three nuclides analyzed here are 
135

I, 
135

Xe and 
149

Sm. 
135

Xe is the most significant 

fission product because of its enormous thermal neutron absorption cross section and its 

relatively large fission yield. 
135

I is a directly father of the 
135

Xe and thus the responsible for 

the increase of its number even during the reactor shutdown. 
149

Sm is another fission product 

associated with poisoning due to its large fission yields and absorption cross section. Due to 

this aspects the data referring to these nuclides are well known and of easy access.  
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Table 2. Fuel composition and impurities in grams for 1 ton 

 

Nuclide/ 

element 

Composition 

(grams) 

Nuclide/ 

element 

Composition 

(grams) 

U234 376,0 U235 41500 

B 1.0 C 89.4 

F 10.7 Na 15.0 

Si 12.1 P 35.0 

Ca 2.0 Ti 1.0 

Mn 1.7 Fe 18.0 

Zn 40.3 Mo 10.0 

In 2.0 Sn 4.0 

Pb 1.0 Bi 0.4 

U238 958124.0 Li 1.0 

N 25.0 O 134454.0 

Mg 2.0 Al 16.7 

Cl 5.3 Cr 4.0 

V 3.0 Ni 24.0 

Co 27.0 Cu 1.0 

Ag 1.0 Cd 25.0 

Gd 2.5 W 2.0 

 

 

Once the ORIGEN 2.1 performs all required calculus for this fuel the tables for composition 

in grams for the suggested nuclides was chosen to exemplify. 

 

Figs. 3 and 4, show the composition in grams for 
135

I and 
135

Xe, respectively. The period of 

forty eight hours has been chosen to match with seven half-life of 
135

I and ease the 

comparison between these nuclides. The expected behavior was successfully reached as we 

can see the diminishing quantity of 
135

I is the responsible for the little increase in the first ten 

hours of 
135

Xe once that 
135

I transmute in 
135

Xe which agrees with the literature.   

 

 

 
Figure 3. Composition in grams for Iodine 135  

                                                    during shutdown 
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Figure 4. Composition in grams for Xenon 135  

                                                    during shutdown 

 

 

 

Fig 5. shows the composition for 
149

Sm for a period of three hundred hours where most of its 

equilibrium value was achieved. During a reactor shutdown the decay of fission products may 

result in 
149

Nd that on the other hand will decay in 
149

Nd and finally decaying in 
149

Sm. This 

decay chain is the responsible for the behavior seen and again agrees with literature [7], [8]. 

 

 

 

 
Figure 5. Composition in grams Samarium 149  

                                                   during shutdown 

 

 

 

Below, in Fig.6 is shown how a standard output of the ORIGEN 2.1 should look for the same 

results to the 
135

I and 
135

Xe and in Fig.7 the results to 
149

Sm. As we can see the 2D graphic 
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output is a more accessible form to perform quick analysis and then more appropriated to an 

emergency situation.   

 

 

 

 
Figure 6. Composition in grams 

135
I and 

135
Xe in typical ORIGEN 2.1 output 

 

 

 

 

  
Figure 7. Composition in grams 

149
Sm in typical ORIGEN 2.1 output 
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CONCLUSIONS  

 

The ORIGEN 2.1 code is capable of make precise calculations for the nuclide composition in 

a short time, but its output lacks of a graphic view. In this work was presented the initiative of 

make a friendly Graphical User Interface for the outputs of ORIGEN2.1 for a PWR capable 

of select and isolates the desirable nuclide and its source term and finally exposes its result in 

a 2D graphic form in this way enhancing the analysis that a user could do.  

 

In a future work, the restrictive aspects or limitations of this program will be removed making 

it capable of read any output that the ORIGEN 2.1 is capable of produce to a PWR. And also 

expand the proposal making inputs for the ORIGEN2.1 through a program named ORIG3N- 

IN for PWR simulations. This program will create inputs based in user choices and may use 

the outputs calculated for a first input to create a second one and then present a continuous 

feedback to this user. 

 

As was shown through the validation case the ORIG3N-OUT successful worked despite its 

restrictive aspects giving compatible answers to the required problem.     
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