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Abstract 

The Air Kerma rate constant and transmission factors through different materials were determined for a volumetric75Selenium 
source using Monte Carlo simulation techniques with results compared against that obtained theoretically using the weightless 
source approximation. In this study, a 0.64mm diameter spherical source of 75Selenium (ρ = 4.0mg/mm3),  encapsulated in 
0.1mm thick stainless steel was modeled in MCNP5 and transmission factors were calculated through iron, lead, tungsten, and 
uranium with thicknesses ranging from 0mm to 50mm.  The source’s Air Kerma rate constant was calculated to be 17.7 Gy-
cm2/hr-Ci (0.203 R-m2/hr-Ci) which was determined to be four time less than calculated theoretically values calculated in the 
1992 edition of the Radiological Health Handbook5 and ORNL/RISC-45.6 

Introduction and Purpose  

Gamma radiography is a process that uses gamma-emitting radioisotopes to test materials for flaws such as invisible cracks, de-
fects and inclusions in pipes and welds. This process has been established for more than 50 years and has proven to be an im-
portant tool for non-destructive testing in remote locations. Compared to X-ray radiography, radioisotopes have the advantages 
that they can be taken to a remote location when an examination is required and do not require electrical power.  Additionally, 
because isotopes can be easily transported, gamma radiography is particularly useful in remote areas where, for example, it has 
been used to check welds in pipelines that carry natural gas or oil.  In fact, weld inspection of pipelines and oil and petrochemi-
cal installations is one of the most important applications of radiography using radioisotopes 
 
Historically, 192Iridium, 60Cobalt, 169Ytterbium and 170Thulium have been used in gamma radiography, with 192Iridium and 60Co-
balt being the most commonly used isotope . For weld inspections with a wide range of material thicknesses, 192Iridium typi-
cally has been the primary choice for radiography. However, within the past 15 years the isotope 75Selenium has become avail-
able for industrial gamma radiography, and its use in the industry has continued to increase significantly. This radionuclide pro-
vides improved detection of welding flaws compared to 192Iridium, especially with radiography of thin sections of metal (less 
than 5 mm). The improvement is due to the fact that 75Selenium provides radiation energies that are considerably lower than 
those of the 192Iridium spectrum and that it also has a significantly longer half-life. These qualities contribute to the higher qual-
ity weld radiographs 75Selenium is able to produce. Gamma radiography using 75Selenium is now generally acknowledged 
throughout the world to provide increased performance benefits relative to 192Iridium for steel thicknesses less than 5mm.2      
 
Because gamma radiography is often performed in remote locations without the benefit of shielded enclosures, radiation protec-
tion often consists of simply excluding personnel from areas with significant exposure rates. The boundaries to these high expo-
sure areas are typically identified by radiographic technicians, who use the following relationship to calculate appropriate dis-
tances and exposure rates from radiographic sources: 
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 where: Γ: Isotope specific Air Kerma Rate Constant which assumes a weightless (point) source approximation 

A: Activity of the Source 
r: Distance from the source to the point of interest: 

 

In recent years, there have been several reported 75Selenium Air Kerma rate constants that contradict each other due to measure-
ments taken with and without source encapsulation. The following reported Air Kerma rate constants did not include source en-
capsulation: 1.02 R-m2/hr-Ci (1992 edition of the Radiological Health Handbook5), 1.02 R-m2/hr-Ci (ORNL/RISC-456) and 
0.595 R-m2/hr-Ci (Shilton7). These rates are significantly higher than those reported incorporating source encapsulation:  0.201 
R-m2/hr-Ci (Shilton7), 0.199 R-m2/hr-Ci (Weeks et al8), and 0.200 R-m2/hr-Ci (1970 edition of the Radiological Health Hand-
book9). The high discrepancy in the reported rates can be explained by the fact that a significant amount of energy produced by 
75Selenium is generated below the level of 12 keV. 

 The fact that 67% of the energy from a 75Selenium source is from photons with energies less than 12 keV is significant because 
the transmission value of a 12 keV photon through 0.25mm of steel (a typical radiography source encapsulation) is approxi-
mately 2.5 x 10-11. From this it can be concluded that essentially none of the <12 keV photon energies emerge from the source 
encapsulation. Thus, if the 75Selenium Air Kerma rate constant used to determine activity of an encapsulated source based on a 
measurement of exposure at a specified distance were to include all of the <12 keV photon energies, the activity would be sig-
nificantly underestimated (by a factor of 3) and could potentially be a significant safety hazard and regulatory problem.  

 
The goal of this research was to use a Monte Carlo code (MCNP5) simulation to determine an appropriate Air Kerma rate con-
stant for 75Selenium, factoring in source encapsulation. Simulations were also employed to determine the relationship between 
photon transmission values and the thickness of various shielding materials (iron, lead, tungsten and uranium) in reducing exp 
sure rates from a 75Selenium source.   

Procedure  

Determining an Air Kerma rate constant for 75Selenium 

An Air Kerma rate constant was calculated for 75Selenium with source encapsulation using a Monte Carlo N-Particle code 
(MCNP5) simulated photon transport through a source encapsulation system. In recent years, MCNP5 designed by Los Alamos 
National Laboratory has become an industry accepted method for virtual simulation of photons, neutrons and electrons through 
various types of media.   
 
To determine an Air Kerma rate constant using MCNP5, an input code was created which detailed source geometry, shielding 
materials and a photon collecting tally. A spherical massless source of 75Selenium with a diameter of 0.64mm was modeled 
within the code. The use of a massless source ensured that the encapsulation system was the only means for attenuating pho-
tons. A source with a specified density would have caused attenuation of low energy photons within the center of the spherical 
area and could have reduced the Air Kerma Rate constant value. This method ensured an ideal environment for determining an 
appropriate rate constant.  

Figure #1: Cross Section of massless 0.64mm diameter 75Selenium source  
and 0.1mm stainless steel encapsulation modeled  

Determining Transmission through Different Shielding Materials 

A series of independent MCNP5 models were created to determine transmission values of photons through iron, lead, tungsten and 
uranium in thicknesses ranging from 0mm to 50mm.  
 
In these new input codes, a spherical 0.64mm diameter source of elemental 75Selenium with a density of 4.0mg/mm3 was modeled. 
The source was encapsulated in a 0.1mm thick stainless steel cylinder, identical to the encapsulation system surrounding the mass-
less source (geometry of input code is illustrated in Figures #2 & #3). For computational efficiency outside the encapsulation, a 30 
degree air filled cone collimator with a length of 6cm allowed photons to be transported towards a shielding layer. All other space 
outside the source encapsulation, but within the shield, was defined as shielding material to limit photon transport to within the 30 
degree cone.  

As shown in Eq[3] an energy deposition tally, MCNP5 tally F6, was specified 250cm from the center of the source and collected Absorbed Dose 
in units of MeV/gram for the energy distribution of 75Selenium14.  
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Where:  W: Particle weight 

T1: Track length (cm) = event transit time x particle velocity 
                       σt(E): Cross section (barns) 
                       H(E): Heating number (MeV/collision)  
 

Transmission values were calculated for all thicknesses of iron, lead, tungsten and uranium using Eq[4].  
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Where:  Ht1: Absorbed Dose at material attenuation thickness 
Ht0: Absorbed Dose without material attenuation 

 

Results 

By modeling a massless spherical source of 75Selenium encapsulated in 0.1mm thick stainless steel, it was determined that an Air Kerma rate con-
stant of 17.7 Gy-cm2/hr-Ci (0.203 R-m2/hr-Ci) should be used when estimating exposure rates for an encapsulated 75Selenium gamma radiography 
source. Table #1 illustrates the determined results from all MCNP5 calculations. 

 
 
 
 
 
 
 

Table #1: Theoretical Calculation of the Air Kerma rate constants for modeled 75Selenium sources 
 
 

Transmission values determined from the volumetric 75Selenium (ρ = 4.0mg/mm3) . Using these  calculated transmission values a graphical repre-
sentation was created to show the significance of photon attenuation caused by the increase in shielding materials. From this graphical representa-
tion in figure #4 it can be concluded that for millimeters of shielding there is a significant attenuation factor for 0.1mm stainless steel encapsulated 
75Selenium sources that should be considered when assessing exposure risks. 

Calculation Performed Value Units 

Air Kerma rate constant SI units 1.7685 x 101 Gy cm2/hr-Ci 

Air Kerma rate constant 2.0343 x 10-1 R m2/hr-Ci 

Conclusions 

Through this research, an MCNP5 simulation was used to determine an appropriate Air Kerma rate constant for 75Selenium, factoring in source 
encapsulation. Simulations were also employed to determine the relationship between photon transmission values and the thickness of various 
shielding materials in reducing exposure rates from a 75Selenium source. Results from the simulations showed that a value of 17.7 Gy-cm2/hr-
Ci (0.203 R-m2/hr-Ci) was the appropriate 75Selenium Air Kerma rate constant, a value which also aligns with rate constants previously re-
ported by Shilton7, Weeks et al8, and in the 1970 Edition of the Radiological Health Handbook9. Subsequent simulations also showed that lead, 
tungsten, and uranium shielding of thicknesses greater than 10mm can significantly reduce exposure rates from encapsulated 75Selenium pho-
ton sources.  The results of the simulations conducted are highly significant, in that the findings could aid in reducing the risk of a calculated 
over exposure where industrial radiography are used. 
 
References 
1Grimm R, Kaftal T, Weinlich K & Ewet U, New Impact In Gamma Radiography By Selenium-75, World Conference on Non-Destructive Testing, 1996, New Delhi, India 
 
2Hayward P and Currie D, Radiography Of Welds Using Selenium 75, Ir 192 And X-Rays, 12th Asia-Pacific Conference on Non-Destructive Testing 2006, 5th – 10th Nov 2006, Auckland, New Zealand 
 
3Grimm R, Kaftal T, Gamma Radiography utilizing selenium-75, Insight, Vol. 38 no 9 September 1996.  
 
4Nath R, Anderson LL, Luxton G, Weaver KA, Williamson JF, and Meigooni AS, ‘‘Dosimetry of interstitial brachytherapy sources: Recommendations of the AAPM Radiation Therapy Committee Task 
Group No. 43,’’ Med. Phys. 22, 209–234, 1995 
 
5 Shlein D (ed), The Health Physics and Radiological Health Handbook, Revised Edition, Publicshed by Scinta, Inc. 2421 Homestead Drive, Silver Spring Md. 20902, 1992 
 
6 ORNL/RSIC-45, “Specific Gamma-Ray Dose Constants for Nuclides Important to Dosimetry and Radiological Assessment”, May, 1982 
 
7 M.G. Shilton, RL Kelly; Selenium-75: “Safety and Performance by Design”, Paper presented at the 5th EAN Workshop on Radiation Protection and Industrial Radiography Rome, Italy, 17-19 October 2001. 
 
8 Weeks KJ, Schulz RJ, Selenium-75: a potential source for use in high-activity brachytherapy irradiators, Med Physc. 1986 Sep-Oct; 13(5) 
 
9 Radiological Health Handbook, rev. ed., U.S. Public Health Service, Bureau of Radiological Health, Rockville MD, 1970. 
 
10 M. M. Ninkovic, J.J. Raicevic, F. Adrovic, ‘‘Air Kerma Rate Constants for Gamma Emitters Used Most Often in Practice” Radiation Protection Dosimetry (2005), Vol. 115, No. 1-4, pp. 247-250. 
 
11 MCNP – A General Monte Carlo N-Particle Transport Code – Version 5: 
http://mcnp-green.lanl.gov/publication/mcnp_publications.html#codedescriptions 
 
12 Brookhaven National Laboratory (National Nuclear Data Center):  http://www.nndc.bnl.gov/nudat2/indx_dec.jsp 

Figure #4: 75Selenium source transmission through Iron, Lead, Tungsten & Uranium 
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Figure #2: 75Selenium source and 0.1mm stainless steel encapsulation Figure #3: 75Selenium source geometry for transmission measurements through Iron, Lead, 
Tungsten & Uranium 

As illustrated in figure #1, a source encapsulation was modeled around the cylindrical 75Selenium source at a distance of 0.025mm 
from the outside of the source. A stainless steel encapsulation 0.1mm thick, with a density of 7.8mg/mm3 was created to match 
minimum industry standards for typical 75Selenium gamma radiography systems. 
Using a energy flux  tally surrounding the source and encapsulation, photons were collected at 1 meter from the center of the 
source. 200 million 75Selenium photons were simulated using the energy distribution reported by Brookhaven National Labora-
tory12. 

The energy flux tally calculated energy for all un-attenuated and scattered photons within the 75Selenium gamma spectrum and re-
ported values in MeV/gram. The MCNP5 method for calculating energy flux is shown in Eq[2] below. After all energy flux values 
were collected for the spectrum, values were added together to obtain the total energy flux surrounding the source. 
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Where:  W: Particle Weight 
T1: Track length (cm), Event transit time x particle velocity 
E: Energy (MeV) 
V: Volume (cm3)  
 

To determine an appropriate Air Kerma Rate constant, the total dose was converted to Gy-cm2/hr-Ci and R-m2/hr-Ci using a re-

ported photon yield of 2.303181. 


