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Abstract 

 

 

Quantitative radiological analysis attempts to determine the quantity of activity or concentration of 

specific radionuclide(s) in a sample. Based upon the certified standards that are used to calibrate gamma 

spectral detectors, geometric similarities between sample shape and the calibration standards determine 

if the analysis results developed are qualitative or quantitative.  A sample analyzed that does not mimic 

a calibrated sample geometry must be reported as a non-standard geometry and thus the results are 

considered qualitative and not quantitative.  

 

MicroShield
R
 or ISOCS

R
 calibration software can be used to model non-standard geometric sample 

shapes in an effort to obtain a quantitative analytical result.    

 

MicroShield
R
 and Canberra’s ISOCS

R
 software contain several geometry templates that can provide 

accurate quantitative modeling for a variety of sample configurations.  Included in the software are 

computational algorithms that are used to develop and calculate energy efficiency values for the 

modeled sample geometry which can then be used with conventional analysis methodology to calculate 

the result. The response of the analytical method and the sensitivity of the mechanical and electronic 

equipment to the radionuclide of interest must be calibrated, or standardized, using a calibrated 

radiological source that contains a known and certified amount of activity.  
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Nomenclature 

 
RPDP Radiation Protection Dosimetry Program 

RPSD Radiation Protection Sample Diagnostics 

Lc Critical Level 

MDA 

RMWMF 

Minimum Detectable Activity 

Radiological and Mixed Waste Management Facility 

ROI Region Of Interest 

HPGe 

 

High Purity Germanium  
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Introduction  
 

The Sandia National Laboratories Radiation Protection Sample Diagnostics (RPSD) laboratory is 
routinely requested to perform portable-field gamma spectral analysis on items that either contain or are 
suspected of containing radioactive material.  The determination to perform a portable or field gamma 
spectral analysis over a gamma spectral analysis that is normally performed in the laboratory is usually 
due to either or both of two criteria:  
 
1) The sample is too large to be accommodated by the sample staging area of standard laboratory 
gamma spectral analysis equipment;  
 
 2) The sample contains levels of activity that result in dead time percentages that exceed the analytical 
capability of the laboratory detector. 
 
A sample analyzed with a portable gamma spectral system can vary in mass from several grams to 
hundreds of kilograms and the size can vary from a hot particle to the size of a transportainer. These 
samples can vary in both elemental and dimensional composition and usually exhibit non-standard 
geometric shapes. The source material itself can be of high or low density or completely exposed or 
contained. Attenuation of nuclide emissions from containment material may vary from less than 0.1 
millimeter of polyethylene to several centimeters of lead. Variables such as distance between the gamma 
detector and the sample, source composition and density, and attenuation must be taken into account in 
conjunction with identifying the radionuclides(s) of interest to provide quantitative analytical results.   
 
The majority of portable gamma spectral analysis performed are requested with qualitative results.  
Qualitative analysis are typically useful for isotopic determination (identification of radionuclides 
present) with estimated activity levels. There are situations however where precise quantitative results 
are requested by the customer. To provide quantitative analytical results from the analysis of non-
standard geometries and to factor in all aforementioned variables such as shielding that may attenuate  
nuclide energy emissions between the source and detector,  programs such as MicroShieldR and ISOCSR 
can be used.  
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Hypothesis 

 
MicroShieldR or ISOCSR

 modeling codes can both provide quantitative activity values from modeling 

non-standard geometry samples with an acceptable degree of confidence. 

 

 

 

Experiment 

 
A 208 liter steel drum of radiological waste identified as D9001701was analyzed with a high purity 

germanium (HPGe) detector. The drum exhibited a high dose rate that resulted in dead time values that 

prevented an accurate analysis at the standard drum count distance of 91.44 cm. The drum was therefore 

positioned 526 cm from the detector face.  The height center of the detector relative to the sample was 

44.3 cm.  

 

The spectrum from the analysis was subtracted from a background count (B1970913) performed in the 

identical location as the sample. The drum was modeled as 60% full, containing material that was a 

combination of 5% iron and 95% polyethylene.  The net mass of the sample material was 4.2 kilograms. 

 

The sample density (0.0308 g/cm
3
) was calculated fractionally relating to the net mass of the sample.  

The activity was assumed to be uniformly distributed with a density equivalent to the calculated sample 

density.  

 

The wall thickness of the drum was 0.1199 cm with an elemental composition of 60% iron, 20% 

manganese and 20% nickel. 
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Results and Discussion 
 

 

The quantified activity of both modeled results is shown overlapped in Table 1.0. The activities 

developed from the MicroShield
R
 program were converted into picocuries / gram concentration so that a 

direct comparison could be made to the ISOCS
R
 results.  Modeled results utilizing the MicroShield

R 
 

code resulted in slightly higher activity for most nuclides.  Be-7 and Eu-155, which resulted with the 

lowest quantified activity of both codes, also exhibited the largest difference in activity.  Activity for Cs-

137 and Eu-154 were almost identical for both modeling codes. It is apparent that the nuclides with 

higher activity concentrations such as Cs-137 and Eu-154 resulted in a closer correlation with less error.  

Refer to Table1.0 and Chart A for a comparison of the activities calculated by both codes.  

Refer to Table 2.0, which documents the percent difference and order of magnitude in activity between 

the two modeling codes. 

 

 

 

Table 1.0 – Activity of Nuclides from ISOCS and MicroShield Modeling 

Modeling Code Nuclide Activity (pCi / gram) 

MicroShieldR / ISOCS Am-241 5.12E5 / 4.90E5 

MicroShieldR / ISOCS Be-7 9.81E3 / 1.04E4 

MicroShieldR / ISOCS Eu-154 8.21E5 / 8.24E5 

MicroShieldR / ISOCS Eu-155 1.00E5 / 8.40E4 

MicroShieldR / ISOCS Cs-137 1.46E6 / 1.45E6 
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Chart A. Plotted Activity of Nuclides from ISOCS and MicroShield Modeling 

 
 

 

 

 
Table 2.0 – Difference & Magnitude of Nuclide Activity  

from ISOCS and MicroShield Modeling 

Nuclide Difference between models Activity Magnitude (pCi/g) 

Cs-137 0.685% ~1.5E6 

Eu-154 0.364% ~8E5 

Am-241 4.297% ~5E5 

Be-7 5.673% ~1E4 

Eu-155 16.000% ~1E5 
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Errors Related to Modeling Codes 
 

 

 

MicroShield 

 
For the method utilizing the MicroShield modeling code, the degree of uncertainty is expressed as an 

Accuracy Factor.  The accuracy factor compares the unattenuated gamma fluence rate per unit activity 

between a uniform activity distribution (“reasonable attenuation” model) and an assumed activity 

distribution represented by a line source in the center of the sample (“high attenuation” model).  A line 

source activity distribution was selected as the “high attenuation” model since this geometry provides 

significant gamma ray attenuation through the sample matrix to provide reasonably conservative 

estimates of system accuracy.  Using this method, larger accuracy factors indicate greater uncertainty.  

Please note that the accuracy factor only considers the uncertainty associated with the activity 

distribution and does not consider the uncertainty associated with matrix composition, container fill 

height, or counting statistics. 

 

  

Chart B, below, illustrates the generated report using the MicroShield
 R

 program. The program calculates 

and documents the uniform and line source estimated activity.  

 

               The MicroShield accuracy factor is displayed in the far right column of the generated report. 

 

 

Chart B.  MicroShield Results 
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ISOCS 

 
Computational errors developed from ISOCS

R
 are displayed as a 95.5% confidence level or 2 standard 

deviations (2-sigma error) in the reanalyzed report (Chart C) utilizing Genie 2k Algorithms ignoring 

geometry and activity distribution.  

 

 

Chart C.  ISOCS Results 
 

 
 

 

The ISOCS error is displayed in the third column of the generated report. 
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Calculations for the derived 2-sigma error in the Genie 2K program are as follows: 
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Conclusion 
 

 

The developed activities involve a number of assumptions.  In particular, the activity was assumed to be 

uniform with a density equivalent to the calculated effective sample density of 95% Polyethylene and 

5% Iron.  Additionally, low energy emissions are sensitive to the accuracy of the modeled geometry.  

Although mass attenuation coefficients are material and energy dependent, the dependence of the mass 

attenuation coefficient on the material is significantly reduced at higher energies.  Therefore, less 

uncertainty is normally associated with the activity calculations involving high-energy gamma ray 

emissions.  Accordingly, the nuclide activity results are presented for a high-energy gamma ray emission 

with a high yield when possible.  Also, daughter and/or parents will also be present in equilibrium 

depending on the half-life of the nuclides involved.  

 

There was very good correlation between the activity concentration values developed from both codes. 

In conclusion it is to be assumed that using either of the two modeling codes in conjunction with proper 

counting methodology to quantify gamma spectrums obtained from the analysis of non-standardized or 

non-calibrated geometry samples can provide similar results. 
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