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Introduction 
This article provides theoretical background concerning the capability of the Airborne 
Radiation Monitoring System [1] to detect fission products buried at 1-meter depth 
under the ground surface, at a flight altitude of 100 meters above ground. The 137Cs 
source was used as a typical fission product. The System monitors radioactive 
contamination in the air or on the ground using two 2” × 2” NaI(Tl) scintillation detectors 
and computerized accessories for analysis purposes. 
 
Fundamental assumptions 
• The radioactive source is buried at a depth of 1 -meter underground. 
• The absorption of the storing appliance is negligible. 

• The total area in which the sources are buried is negligible relatively to the flight 
altitude, therefore the γ source can be considered as a point. This means that even 
for a source scattered on a 30-meter diameter area, the distance from the 
contaminated area to the helicopter would be in the range of 100 ±4.5 meters. 

• The 137Cs source was used as a typical fission product (γ energy: 662 keV). 

• The distance between the helicopter to the source remains constant for at least 2 
seconds.  

 
Detection feasibility calculations 
The general sensitivity of a detector to a remote radioactive source is a function of the γ 
energy emitted from the source, the γ percentage reaching the detector out of the total γ 
emitted from the source, and the medium through which the γ radiation passes.  The 
general detection efficiency can be presented as follows: 
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Where: 

Effscintillator - General scintillation detector efficiency. 
a   - Scintillation detector’s area (ΠR2 = 3.14*2”2= 20.27 cm2). 

r  - Flight altitude above γ source location. 

Aground - 1 meter of soil γ radiation absorption. 

Abarrel  - The γ radiation absorption of the storage appliance (barrel). 

Aair  - The γ radiation absorption of 100 meters of air. 
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The intensity of a mono-energetic beam of γ-rays entering an absorbing layer of 
thickness d is reduced in intensity according to reference [2]: 
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Where the total linear attenuation coefficient µ(E) is the sum of all the interaction cross-
section associated with: photoelectric effect, Compton interaction and pair production. 

The linear attenuation coefficient µ(E) of NaI and Air can be estimated from the following 
figures [2]: 
 

    
 
Fig. 2. Linear attenuation coefficient of NaI Fig. 2. Linear attenuation coefficient of Air 

 

Assigning numerical values to (1): 
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The linear attenuation coefficient of soil is subject to many factors, such as: Looseness, 
soil type (loess, red loam, limestone, rocks, etc.), humidity, etc. In order find out the 
linear attenuation coefficient of soil taken from a certain location, the following 
experiment has been conducted: 

A random soil sample was squeezed into a cardboard box (8cm × 21.5cm × 15cm), to 
resemble its natural state. A 137Cs source was placed near the box and the γ radiation 
was measured via 8cm and 21.5cm of that soil. The results are shown in the following 
table: 
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Soil 
thickness
[cm] 

Measured radiation 
(Air medium)  
[cps] 

Measured radiation 
(Soil medium)  
[cps] 

Calculated linear 
attenuation 
coefficient [cm-1] 

8 1600 800 0.086 

21.5 450 70 0.088 
 

Table 1: The experiment results for the linear coefficient of soil 

Out of (2) linear attenuation coefficient can be calculated as: 
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The linear attenuation coefficient row in Table 1 contains values calculated by formula 
(4) using the measured values. Hence, the linear attenuation coefficient of the relevant 
soil type will be considered as the average of the 2 experimental results: 
 

µground = (0.086+0.088)/2 = 0.087. 
 
Therefore, the radiation will be attenuated by the ground medium according to: 
 

Aground = e-0.087•100 = 1.66•10-4 
 
The general detection efficiency will be: 
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For a 1 Ci activity source buried beneath 1 meter of soil, the sensitivity will be: 
 

(5) 

 

However, the sensitivity for the same source exposed on the ground surface will be: 
 

(6) 

 

Note: Calculations were performed under the assumption that the radiation absorption 
of the source container is negligible. 
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Sources that can be detected using the Airborne Radiation Monitoring System 
• The average reading of the Radiation Monitoring System resulting from cosmic 

radiation and system self-background is between 40 cps to 50 cps. 

• Since the counts integration time of the system is 1 sec., the counts statistical 
fluctuations (the standard deviation) are calculated as: 
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• Counting rate increase of more than 1.64 ó indicates the detection of a radiation 

source at a statistical certainty of about 95%. 

• According to equation (7), 1.64 ó ≅ 12 CPS. 
According to equation (5), the counting rate will increase in 12 cps due to the 
presence of a 137Cs source with activity of 600 Ci, buried in soil at 1-meter depth. 

• The average reading of the Radiation Monitoring System due to cosmic radiation 
and self-background of the system can be decreased to 15 cps by transition to a 
specific mode in which only pulses above certain threshold are counted. 
In this mode 1.64 ó ≅ 5.7 cps, therefore the system can identify a 137Cs source 
buried in soil at 1-meter depth with activity of 284 Ci, at a statistical certainty of 
95%. 

 
Conclusions 

• At flight altitude of 100 meters, the Airborne Radiation Monitoring System can 
locate a 137Cs source with activity of 600 Ci, buried in soil at 1-meter depth. As 
for a uniformly distributed source over a 30-meter diameter area, the result is 
equivalent to 0.84 [Ci/meter²]. 

• Under the same conditions, there is a certain operation mode in which the 
Airborne Monitoring System can locate a 137Cs source with activity of 284 Ci, or 
for a uniformly distributed source over a 30-meter diameter area, the result is 
equivalent to 0.4 [Ci/meter²]. 

• The monitoring system can locate sources with activity of few Ci’s, buried a few 
centimeters under the ground surface.  
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