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ABSTRACT 
 
 

The aim of this work is to evaluate the behavior of the variation the elements: Mg, Ca, Fe in the soils 

composition on a nuclear probe to measure the density of porous materials nondestructive in testing based on 

coherent Compton Effect, the effect Rayleigh. To study the effect of composition in soil was used nuclear code 

MCNP4X where was simulated two sources, a source 14mCi americium-241 and other source 4mCi cesium-

137, lead shielding and volume scintillator. To avoid problems with geometries were simulated spheres with 

1.00 meters of diameter filled with soil to be evaluated. Data analysis allowed establishing correction 

parameters for nuclear probe. 

 

 

  

 

1. INTRODUCTION 
 

 

The nuclear probe based diffusion Compton, for measuring the density of the soil was first 

introduced in the late 1940s [1]. In 2010 was built a new nuclear probe unifying various 

electronic components that were subject to constant mechanical stress in a single module 

Hamamatsu H9319-01, eliminating the wires that carry electrical impulses that are also 

sources of noise due to electromagnetic interference. In its place used a liquid light guide, a 

variation of optical fiber with a diameter of 8.00 mm. [2,3,4]. The change had enabled a 
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nuclear probe, with three distinct parts. The first with radioactive source, lead shield and 

plastic scintillator, the second with just the fiber optics to transfer light and the third being 

Hamamatsu module H9319-01 with exit to a reader (ratemeter, PDA or netbook) portable. 

 

The liquid light guide used was developed from an amorphous fluoropolymer, Teflon® AF-

2400, produced by DuPont®, ideal for light transport in the region between 200 and 2000 nm 

and has refractive index of 1.29 less than that of water is 1.33[5]. A tube consisting of this 

material can behave like light guide when filled with dilute aqueous solutions, since the light 

can be conducted for longer paths due to the phenomenon of total internal reflection [6]. The 

refractive index of Teflon ® AF 2400 is lower than almost all liquids under normal 

temperature and pressure. This Teflon AF emerged as the main material for the execution of 

several guides with an aqueous core due to its low refractive index [5,7] 

 

In the optimization of the nuclear probe was used codes applied to nuclear physics. The 

MCNP Nuclear code (Monte  Carlo  N-particle  transport  code  system) libraries using data 

from atomic energy and nuclear training (Evaluated  Nuclear Data  File  (ENDF), of  the  

Evaluated  Nuclear Data  Library (ENDL) and of  the Activation Library (ACTL) and 

assessments of Applied Nuclear Science (T-2) Group. MCNP is general purpose, generalized 

geometry, continuous energy. It can be used to transport neutrons, photons or electrons, or a 

combination of these particles by performing calculation of criticality for different nuclear 

systems. The code considers an arbitrary three-dimensional configuration of materials in 

geometric cells bounded by surfaces of first and second degree [8,9,10]. 

 

Density and moisture are physical magnitude that can be measured using nuclear techniques. 

In soil physics they have a key role as the productivity of crops depends directly on these two 

magnitudes [11]. Moreover in construction of roads they are used to control the density of the 

surface layers of asphalt [12,13,14]. The main feature of this technique is its non-destructive 

character. 

 

The aim of this study is to collaborate in assembling the experimental densimeter based on 

Compton scattering, using the code MCNP4X. The nuclear code was used to study the 

behavior of nuclear probe in soils with different chemical compositions, assisting in 

adjustments of the calibration curves. 

 

 

2. METHODOLOGY 
 

The median and range of various elements present in soils from around the world are given in 

Table 1. The elements that are found in soils in the highest quantities are O, Si, Al, Fe, C, Ca, 

K, Na, and Mg. These are also major elements found in the Earth is crust and in sediments. 

Oxygen is the most prevalent element in the Earth is crust and in soils. It comprises about 

47% of the Earth is crust by weight and more than 90% by volume. 

 

Table 1. Contents of some elements in soils, the Earth is crust and sediments. [15] 
 

Element Soils (mg/kg) Earth is crust 

(mean) 

Sediments 
(mean) 
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 Median Range   

O 490,000  474,000 486,000 

Si 330,000 250,000 – 410,000 277,000 245,000 

Al 71,000 10,000 – 300,000 82,000 72,000 

Fe 40,000 2,000 – 550,000 41,000 41,000 

C (total) 20,000 7,000 – 500,000 480 29,400 

Ca 15,000 700 – 500,000 41,000 66,000 

Mg 5,000 400 – 9,000 23,000 14,000 

K 14,000 80 – 37,000 21,000 20,000 

Na 5,000 150 – 25,000 23,000 5,700 

Mn 1,000 20 – 10,000 950 770 

Zn 90 1 – 900 75 95 

Mo 1.2 0.1 – 40 1.5 2 

Ni 50 2 – 750 80 52 

Cu 30 2 – 250 50 33 

N 2,000 200 – 5,000 25 470 

P 800 35 – 5,300 1,000 670 

S (total) 700 30 – 1,600 260 2,200 

 

In this initial study will be searched only the elements Mg, Ca, Fe 

2.1. Programming of Monte Carlo 

 
The MCNPX code is a combination of MCNP4C code with the code for the transport and 

interaction of nucleons, pions, muons and light ions in complex geometries LAHET (Los 
Alamos High-Energy Transport). The MCNPX contains all the capabilities of MCNP4C 

and MCNP5, adding to the capacity of transport 34 new types of particles (protons, light ions, 

etc.) expanding the range of energy of particles simulated. In MCNPX, new physical models 

for simulation, variance-reduction techniques and new techniques of data analysis were 

implemented, and updates the library section of the shock, making it superior to all existing 

distributions of MCNP, including in respect time of simulation [8,10,16]. 

 

A series of MCNP code represents one of the most common computer systems of codes 

applied to nuclear physics to calculate the interaction of radiation with matter. For its 

versatility and efficiency was chosen for the simulation of nuclear probe. The code allows a 

geometry model in 3D and produce probabilistic estimates of the trajectory of the photon in 

the field reaching the detector. 

Through these calculations, it is possible to optimize the behavior of the probe in soils with 

small variations in the chemical composition according to the variation in bulk density. 

2.1.1. The Simulation 

 

 

The MCNPX code was used to simulate all the experimental testing performed in  

otimization of the probe. The model follows the actual dimensions of the probe built. Was 

varied chemical composition of some elements in a soil standard. The analysis was done by 

the flow of photons that hit the volume set to the detector. Figure-1 shows an overview of 

plans ZX and models used for the experiments. 
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To study the behavior were used sources of Americium-241 that emits alpha particles and a 

60 keV gamma radiation transition. It has several applications in the nuclear area and other 

source of encapsulated cesium with emission gamma radiation 662keV. The densimeter 

works detecting the scattered radiation after interaction with the soil. 

 

In the study a sphere of 1.00 meters filled with soil was simulated. The study consisted of 

varying the chemical composition of three elements (Iron, Calcium, Magnesium) in soil with 

1.42 g/cm
3
 densities for both sources. It took 10 simulations for each variation of soil 

composition and source. 

 

 
 

Figure 1.  Simulation in the MCNPX code 

 

 

 

3. RESULTS 

 

 

 
With several output files collected in the MCNP code, it was possible to elaborate the Figures 

2, 3, 4 and 5. In Figure 2, we observed the behavior of the nuclear probe in the presence of 

americium and cesium sources. It is observed that variations in the photon flux coming from 

the americium source reaching the scintillator. This is due to lower energy 60 keV, easily 

absorbed by the photoelectric effect. On the other hand, photon coming from the source of 

Cesium 662 keV energy show no significant variation. The curve of these photons overlap 

the standard curve for this source.  
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Figure 2. Iron variation in soil with density 1.42 g/cm

3
 

 
At work, only the elements in studies will vary, all others remain like in standard soil. In 

figure 3 we observed again that the variation of the chemical element Calcium does not have 

an influence on the flux of photons that reach the scintillator when it is emitted by a source of 

cesium. But the source of Americium continues to show sensitivity in photon counting in the 

different soil composition. 
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Figure 3. Calcium variation in soil with density 1.42g/cm

3 

 

In figure 4, the Magnesium 0-22% percentage of soil standard was ranged and we found that 

this type of soils has the predominance for Compton scattering when irradiated with low-

energy sources such as Americium. It is a soil density intermediate to that effect attenuation 

is reduced. We also observed that the flux of photons from the source of cesium has the same 

photon flux in all types of soils studied. 
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Figure 4. Magnesium variation in soil with density 1.42g/cm

3
 

 

 

In figure 5 it is showed the overlap of information. In this image is crisp as the source of 

cesium is not suitable for the study of chemical variation in soils, but it is the ideal source to 

analyze the density of soils, because we did not have variation in relation to chemical 

composition. The americium source is also indicated for the study of moisture and density of 

soils, but this requires better care and calibration curves, depending on the type of soil and its 

chemical composition. 
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Figure 5. Analysis of the photon flux for americium and cesium sources in standard soils with 

variation of the chemical elements (Fe; Ca; Mg). 

 

 



INAC 2013, Recife, PE, Brazil. 

 

 

4. CONCLUSIONS  
 

Through the nuclear code MCNP4X, this work simulated an Experimental device for 

measuring the flux of photons due to the chemical composition of the soil. For the initial 

study only 3 elements were studied. Based on the analyzed data is possible to verify that 

density measures in soils with a cesium source has not variation in densities as a function of 

chemical composition. As measure using this same source of americium, should be carefully 

conducted. It is also possible to verify that this source is subject to predominantly 

photoelectric effect, and the chemical composition has a great influence on the results. 
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