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INTRODUCTION 

"GammaGen" (GG) is a computer software developed to simulate gamma ray spectra obtained from NaI(Tl) 

or Ge detectors. The detector efficiency, resolution and peak to Compton ratios are used to generate 

synthetic pulse height spectra for specific detector and geometrical configurations. 

GG was used in the past for several applications, as to predict the detector response to different radio-

nuclides mixtures [1-3], to predict the pulse height spectra near a nuclear spent fuel site as a function of the 

shielding thickness and cooling time [4] and for homeland security purposes [5, 6]. An updated version of 

the GG program was developed, and the application presented in the present work consists of building a 

library and simulating the detection and analysis of synthetic spectra to check the performance of a 

commercial spectrometry system based on a NaI(Tl) detector intended for NORM analysis, which was 

developed by Amplituda/Russia [7].  

 

MATERIALS AND METHODS  
The basic application of the GG computer program is to generate a calculated spectrum, mainly for 

complicate cases of many photo-peaks from different radioisotopes mixtures, for visual inspection and 

comparison with measured spectra. The spectrum for a chosen radio-nuclide is generated based on its 

activity and its photo-peaks energies and yields taken from a data library such as the "Raddecay" program 

[8]. The detector efficiency, resolution and the peak to Compton ratios are determined specifically for a 

certain detector system, as well as the counting geometry which is chosen by the user. The spectra can be 

displayed in several modes: as energy lines of the photo-peaks, as Gaussians of each photo-peak, or as sum 

of all Gaussians. Compton distributions of the predicted accumulated counts in each channel can be 

included. The resulting spectra are displayed for visual analysis together with peaks and radio-nuclides data. 

All spectra can be exported to formats required by commercial spectra analyzing programs and to Excel 

format.  

 

THE COMPUTER PROGRAM 

This new version of the GG program simulates the multichannel analyzer (MCA) operation. According to 

the activity determined for each radionuclide and the counting time, the GG program displays the spectrum 

accumulation as it is done in MCA. The counts are summed to a temporary variable as a function of time. If 

the count is greater then 1, Gaussian randomization is performed based on the normal standard deviation 

and if the random value is greater then 1 its integer value is added to the previous counts of the specific 

channel. The temporary variable is cleared for the next iteration. The same procedure is done for all the 

spectrum channels and the accumulation progress is refreshed and displayed every second, which is the 

basic unit time. This way, the channel content of spectra of low activity samples may be updated only after 

several seconds, as it really occurs in actual counting systems. The user can control the accumulation 

procedure with all the features that are in common MCA systems.  

The “Progress” program developed at Amplituda/Russia [5] is commonly used to analyze NORM spectra, 

including the 
137

Cs radionuclide. The analysis is basically performed by the Linear Least Squares technique 

on 12 Regions of Interests (ROIs) [9, 10]. Its library was replaced by a synthetic, calculated library 

consisting of NORM radioisotopes and 
137

Cs, prepared by the GG program. The "Progress" program was 

applied to analyze complex pulse height spectra, also prepared by the GG program with statistical 

fluctuations taken into consideration.  
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EXAMPLE OF RESULTS 

A spectrum of the NORM materials 
226

Ra, 
232

Th, 
40

K with an activity of 1000 Bq/kg each, with added 1000 

Bq/kg of 
137

Cs in 1 liter Marinelli container [11] for 10 minutes counting time was calculated by the GG 

program, when using a NaI(Tl) flat 3”x3” detector (as installed in the "Progress" system). The spectrum was 

transferred and analyzed by the “Progress” program, that was pre-calibrated for this specific geometry and 

detector characteristics by GG spectra. In figure 1 the predicted “measured” spectrum and the analyzed and 

fitted spectrum by the “Progress” program are given. The analysis results reported by the "Progress" 

program can also be seen in the insert. Table 1 summarizes the "Progress" analysis results. It can be seen 

that for all radio-isotopes the accuracy is better than about 2%, except for 
40

K where the difference from the 

target value is about 2.5%. However, also the standard deviation of the calculated 
40

K activity is much 

higher than for other radio-isotopes (more than 5% compared to about 1%), indicating a lower statistical 

accuracy of the counts in the 
40

K energy peak. 

 

 

Table 1. The accuracy of the analysis performed by the "Progress" program on a simulated spectrum of a 

mixture of 1000 Bq/kg NORM radio-nuclides and 
137

Cs. 

 

Radio-nuclide 
Calculated content 

[ Bq /kg ] 

Difference 

[ % ] 

226
Ra              1020.6 ± 8.7 2.06 

232
Th              1001.6 ± 10.3 0.16 

40
K                974.8 ± 52.6 2.52 

137
Cs                999.6 ± 8.3 0.04 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: NORM + 
137

Cs NaI(Tl) spectrum created by GG program and analyzed by the “Progress” 

program. 
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CONCLUSIONS 

The new version of the GG program enables prediction of "real” spectra, including counting statistics. It 

simulates the operation of the multichannel accumulation process. The program was used to prepare the 

library components of the commercial “Progress” analysis system, in order to check its performance when 

analyzing NORM spectra. The "Progress" program was applied to analyze a synthetic mixture of 1000 Bq/kg 

of NORM materials+
137

Cs contained in a Marinelli beaker, and the results for all radio-isotopes were 

obtained within an accuracy range of 2.5%  

The new version of the GG program enables future investigations of counting and analyzing complex 

spectra, especially in the case of NaI(Tl) detectors, where significant overlapping may occur. Producing 

synthetic spectra can be used for example to determine the MDA of radio-nuclides in complex mixtures with 

various activities. The main advantage is that no sample preparation is needed, as well as no laboratory work. 
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