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ABSTRACT

In this work, we have explored the possibility of using neutron back- 

scattering technique in performing radio analysis for samples of hydrogenous 

materials such as explosives, drugs, crude oil and water, looking for different 

signals that may be used to discriminate between these samples.

Monte Carlo simulations were carried out to model the detection system and select
-A

the optimal geometry as well. The Cf-neutron source and He thermal neutron 

detector were used in the model. The results were determined in terms of the 

energy spectra of the back-scattered neutrons.



 المواد من عهات تحليل في للنيوترونات االرتدادي التشتت تقنية إستخدام إمكانية يدرس البحث هذا

والماء. الخام النفط المخدرات، المتفجرات، مثل الهيدروجينيه

 و نيوترونات كمصدر الكاليفورنيوم- يتضمن والذي الكشف نظام لتصميم كارلو مونتي محاكاة إستخدام تم

 خالل من العينات هذة بين التميز إمكانية في البحث وينظر الحرارية. النيوترونات ككاشف الهيليرم-

العينات. من إرتداديأ المتشته للنيوترونات الطاقة أطياف

ا٧
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Chapter One 

Introduction

1.1 Introduction

In the field of hydrogenous materials detection, several techniques have been 

studied, among many conventional techniques, nuclear techniques have been 

proposed for the detection of hydrogenous material for a number of years due to 

their ability to penetrate shielding and to identify the composition of materials, thus 

leading to enhanced detection probability .The physical basis of these techniques is 

well known, but there remain limitations on current technology with respect to e.g., 

radiation sources and detectors and data acquisition methods. [1, 2]

One of the nuclear techniques that are being investigated in different 

countries is the Neutron Backscattering Technique (NBT) which is based in the 

fact that the target is Hydrogen-rich and therefore if it's in a media with different 

Hydrogen content and it is exposed to a fast neutron source, the number of back- 

scattered thermal neutrons produced by the moderation process will give us a 

signal from which we can infer the presence of the Hydrogen-rich target. The 

Neutron Backscattering Technique is based in the property of Hydrogen-rich 

materials to slow down efficiently a neutron beam. [1]

Neutron back scattering is a well-established method to show the presence of 

hydrogen. It is used, among others, for detection of hydrogenous materials .A NBS 

detector operates by irradiating the surface under investigation with high energy 

(MeV) neutrons. The neutrons lose energy by scattering from atomic nuclei 

beneath the surface and become thermal after a number of collisions.
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The thermalization process takes far fewer collisions when scattering from 

hydrogen as compared to other elements. The concentration of thermal neutrons in 

regions containing hydrogen-rich materials will therefore be relatively high. A 

thermal neutron detector that monitors the neutron flux coming back from the 

irradiated surface will show an increased count rate above hydrogenous regions. 

An important advantage of the NBS method is the high speed of operation. [3]

1.2 Objectives of the research

The goal of this work is to verify the practicality of using neutron back- 

scattering technique in the analysis of hydrogenous materials, and generate 

possible neutron energy spectra that could be used as finger prints for explosives, 

drugs, water and crude oil. For this task, Monte Carlo simulations are used to 

model a suitable geometry. The work is also addressing the possibility of 

determination of backscattered energy values characteristic to the material under 

test.

1.3 Hypothesis of research

We hypothesize that NBS technique may be suitable for discrimination 

between hydrogenous material of interest, such as explosive, drugs as security 

sensitive material and crude oil, water as essential material for industry and live.

1.4 Research Methodology

Monte Carlo simulations using MCNP 5 computer code are used to model a 

suitable sample-source-detector geometry and simulate the backscattered energy 

spectra with respect to the hydrogenous samples under test; explosives, drugs, 

water and crude oil.
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Input file containing the problem features and proposed geometry was built. 

SigmaPlotlO software was used to manage and analyze the output data.

1.5 Significance of the research

This work provides scientific data useful for the detection of the targeted 

materials and could be used to distinguish between explosives, drugs, crude oil and 

water. On the other hand, the use of Monte Carlo code reflects the potentials of this 

software in modeling and testing such non-destructive systems.

1.6 Limitations of the study

252The neutron source used in this study was Cf-neutron source. Further 

types of neutron radioisotope sources are required and other types of Hydrogenous
252materials should be considered. As was mentioned the Cf neutron source has a 

specific neutron energy spectrum.
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Chapter Two

The Neutron Backscattering Technique

2.1 Introduction

The neutron backscattering method is well known for the determination of 

moisture and hydrogen content in different materials (soils, oils...). The neutron 

backscattering technique is even faster as it takes only a few minutes to obtain 

results when it needs hours to get results from solvent extraction method which is 

generally used in this case. The principle of the neutron back-scattering method 

consists of irradiating a hydrogen containing sample with neutrons emitted
252generally by isotopic neutron sources ( Cf) and these fast neutrons will interact 

mainly with hydrogen through elastic collisions and after successive collisions the 

neutrons will be slowed down to thermal energies. A fraction of these thermal 

neutrons is backscattered and detected by a ’He neutron detector. The number of 

detected thermal neutrons is proportional to the hydrogen concentration in the 

sample. As the fraction of backscattered neutrons will depends strongly on the 

geometrical configuration of the irradiation and detection set-up, we propose here 

to study in terms of sensitivity two geometrical configurations of the set-up: the 

one is when the neutron source and the detector are side by side and in the other 

one, the source is placed under the detector. [4]
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2.2 The Need of NBT

Three factors can contribute to make neutron scattering useful for detecting 

APM. First, there is the fact that the hydrogen content in plastic APM is relatively 

high. The hydrogen content in a typical plastic APM is 40-50 atom%; plastics and 

explosives contains 55-65% and 25-35%, respectively. Second, for neutron 

energies below 3 MeV, the total cross sections of the four major constituent 

elements of landmine for neutron-proton (n-p) interaction is significantly higher 

than that of other nuclides commonly found in the soil or in metal debris. Third, n- 

p elastic scattering is the dominant process in the interaction of neutrons with 

protons at these energies and has two unique features: the average energy loss per 

scattering by the neutron is large (50%), which makes hydrogen a good neutron 

energy moderator; and the angle of scattering of the neutron (in the laboratory 

frame) cannot exceed 901 the average neutron. [2]

2.3 Thermal neutrons back-scattering

Thermal neutrons backscattering have been used in detecting the 

hydrogenous materials. These neutrons can be produced by slowing down fast 

neutrons emitted from a radioactive source (typically' Cf neutron source). They 

act both as reflectors and as neutron moderators. There are some advantages in 

using the neutron backscattering technique, i.e. detecting slowdown neutrons. This 

method is based on the fact that the number of low energy backscattered neutron 

depends mainly on hydrogen in all common hydrogenous materials. The 

probability of emission of backscattered neutrons is several orders of magnitude 

larger compared to that of the emission of specific gamma-rays. This leads to the 

possibility of having a large counting rate also using low-activity neuron sources.
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The resulting counting rate is high enough to allow the usage of neutron 

Back-scattering technique sensors directly as scanning devices. [2]

2.4 NBT set-up and data analysis

The Neutron Backscattering Technique is based on the fact that hydrogen- 

rich materials are media where fast neutrons can reach thermal energies in a more 

efficient way (less collision) than in targets composed by heavier nuclei. Different 

approaches have been studied to implement this phenomenon in a device capable 

of detecting hydrogen-rich materials.

The NBT set-up implemented in this work eight cylindrical neutron 

detectors ( He), The fast neutrons emitted by the source interact with the object

elastic collisions because the cross section for elastic scattering is larger 

than the cross sections for other interactions, in this process the incoming fast 

neutrons lose energy and if the target is hydrogen-rich the number of thermal 

neutrons will increase as the detector system (source and detectors) approaches to 

it. [1]

2.5 Neutron detection

Due to neutron charge absence its detection process is based on the 

production of charged particles by nuclear reactions. The strong dependence of the 

cross section of this reaction with the neutron energy has yield to the development 

of different kind of detectors depending on the neutron energy region. The total 

cross section for three different targets commonly used in thermal neutron 

detection. [1]

mainly by
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Fig 2.1. Total cross sections for three different targets commonly used in neutron
detection fH e , 6Li and10B) as function o f the neutron energy. [5]

2.5.1 The 3He Proportional Counter

In a JHe -based detector, the reaction that takes place inside the detector is:

n +3He -> p +3H Q = 0.764 MeV

A proton (p) and a triton (JH) are produced in the reaction and then ionize the gas 

inside the detector. For thermal neutrons the cross section for this reaction is o = 

5316 b, while for fast neutrons (E ~ 1 MeV) it falls to o = 0.83 b.
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This gives a high efficiency for thermal neutron detection making the detector, at 

the same time fairly insensitive to fast neutrons. The thermal neutrons energy is 

small compared with the Q value of the reaction, and therefore the products will 

share the available energy:

EP + E 3H = Q = 0.764 MeV

The cross section value drops rapidly with increasing neutron energy and is 

proportional to 1/v (where v is the neutron velocity) over much of the range. For 

reactions induced by slow neutrons, the Q-value of 764 keV leads to oppositely 

directed reaction products with energies. [1]

Ep = 0.573 MeV 

Esh =0.191 MeV

2.5.2 Thermalization in a Hydrogen Target

One of the features of the thermalization process is that a Elydrogen target a 

neutron beam will require less collision to reach thermal energies than in heavier 

targets. In order to calculate the number of collisions a neutron will require to 

reach thermal energies with the simulation, a mono energetic (E =1 MeV) isotropic 

neutron source (N = 2 x 10J neutrons) is placed in the center of a cube of side L= 2 

m filled with H2 Counting the number of collisions an emitted neutron takes to go 

from the initial energy E0= 1 MeV to final energy E = 0.025 eV. [1]
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An explosive material, also called an explosive, is a reactive substance that 

contains a great amount of potential energy that can produce an explosion if 

released suddenly, usually accompanied by the production of light, heat, sound, 

and pressure. The most common explosives are TNT (C7H5N3O6) and RDX 

(C3H6N60 6).

An explosive charge is a measured quantity of explosive material this potential 

energy stored in an explosive material may be:

A. Chemical energy, such as nitroglycerin or grain dust.

B. Pressurized gas, such as a gas cylinder or aerosol can.

2 ^ c  239C. Nuclear energy, such as in the fissile isotopes ’ U and Pu. [6]

2.6.1 Characteristics of explosive materials

Explosive materials vary widely in their chemical composition, and in some 

sense, one could argue that the common characteristic of these materials is that 

they explode. Although it is certainly true that many commercial and military 

explosives have high concentrations of nitrogen, recent experience has revealed a 

new set of non-nitrogenous explosives that are often fabricated by terrorists from 

readily available and fairly ordinary materials that may be purchased without 

arousing suspicion. It is essential that the designer of detection equipment 

recognize the vast variety of potential threats and thus understand clearly what the 

limitations of a particular technique may be. [7]

2.6 Explosive
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A chemical explosive may consist of either a chemically pure compound, 

such as nitroglycerin, or a mixture of a fuel and an oxidizer, such as black powder 

or grain dust. [6]

I. Chemically pure compounds

Some chemical compounds are unstable in that, when shocked, they react, 

possibly to the point of detonation. Each molecule of the compound dissociates 

into two or more new molecules (generally gases) with the release of energy.

• Nitroglycerin: a highly unstable and sensitive liquid.

• Acetone peroxide: a very unstable white organic peroxide.

• TNT: Yellow insensitive crystals that can be melted and cast without 

detonation.

• Nitrocellulose: a nitrated polymer which can be a high or low explosive 

depending on nitration level and conditions.

• RDX, PETN, HMX: very powerful explosives which can be used pure or in 

plastic explosives

• C-4 : An RDX plastic explosive plasticized to be adhesive and malleable.

II. Mixture of oxidizer and fuel

An oxidizer is a pure substance (molecule) that in a chemical reaction can

contribute some atoms of one or more oxidizing elements, in which the fuel

component of the explosive burns. On the simplest level, the oxidizer may itself

be an oxidizing element, such as gaseous or liquid oxygen.

2.6.2 Chemical composition
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• Black powder: Potassium nitrate, charcoal and sulfur.

• Flash powder: Fine metal powder (usually aluminum or magnesium) and a 

strong oxidizer (e.g. potassium chlorate or per-chlorate).

• Ammonal: Ammonium nitrate and aluminum powder.

• Armstrong's mixture: Potassium chlorate and red phosphorus. This is a 

very sensitive mixture.

2.6.3 Usage of explosives

Large quantities of explosives are used every year. In the United States, for 

example, the annual consumption exceeds over 2 million tones. Most are used for 

commercial purposes and are ammonium nitrate-based formulations. There are less 

than a dozen chemical explosives that are manufactured in bulk quantities, and 

most of these were “ discovered” in the 50-year period between 1850 and 1900. 

New explosives have been synthesized but optimization of the formulations takes 

decades and is very expensive. Consequently, any new material has to offer very 

significant advantages, either in terms of unique performance for military 

applications or in terms of cost and safety for commercial applications. [8]

2.7 Drugs

Any chemical substance, natural or manmade (usually excluding nutrients, 

water, or oxygen), that by its chemical nature alters biological structure or 

functioning when administered and absorbed Pharmacology is the discipline that 

studies drug effects on living systems. [9]
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2.7.1 Psychoactive Drug

Psychoactive Drug is defined as any drug that affects feelings, perceptions, 

thought processes, and/or behavior. All psychoactive drugs exert their effects by 

altering the functioning of the nervous system. There are five main kinds of 

dmgs that can change your mood or how you behave Most of these drugs 

come under a law called the Misuse of Drugs Act. They are known as 

'controlled drugs’ and are listed in different groups called schedules. The 

schedules group drugs according to how useful they are and what is needed to 

control their use. For example, schedule one covers drugs that have no medical 

use drugs such as LSD and ‘designer drugs ’ such as ecstasy. [9]

2.7.2 Elemental composition of explosives and illicit drugs

Although there are many basic types of explosives and illicit drugs which 

can be combined and diluted to make hundreds of variations, most consist almost 

exclusively of the elements H, C, N and O. Furthermore, these substances are 

fortunately well-separated from most common materials in one or more elemental 

features. [10]

2.8 Crude Oil
Is a naturally occurring flammable liquid consisting of a complex mixture of 

hydrocarbons of various molecular weights and other liquid organic compounds, 

that are found in geologic formations beneath the Earth's surface. The name 

Petroleum covers both naturally occurring unprocessed crude oils and petroleum 

products that are made up of refined crude oil. A fossil fuel, it is formed when 

large quantities of dead organisms, usually zooplankton and algae, are buried 

underneath sedimentary rock and undergo intense heat and pressure.
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oil drilling. This comes after the studies of structural 

geology (at the reservoir scale), sedimentary basin analysis, and reservoir 

characterization (mainly in terms of porosity and permeable structures). It is 

refined and separated, most easily by boiling point, into a large number of 

consumer products, from petrol (or gasoline) and kerosene to asphalt and chemical 

reagents used to make plastics and pharmaceuticals. Petroleum is used in 

manufacturing a wide variety of materials. [11]

2.8.1 Composition of Crude Oil

Petroleum includes only crude oil, but in common usage it includes all 

liquid, gaseous, and solid hydrocarbons. Under surface pressure and temperature 

conditions, lighter hydrocarbons methane, ethane, propane and butane occur as 

gases, while pentane and heavier ones are in the form of liquids or solids. 

However, in an underground oil reservoir the proportions of gas, liquid, and solid 

depend on subsurface conditions and on the phase diagram of the petroleum

cycloalkanes and

various aromatic hydrocarbons while the other organic compounds contain 

nitrogen, oxygen and sulfur, and trace amounts of metals such as iron, nickel, 

copper and vanadium. Crude oil varies greatly in appearance depending on its 

composition. It is usually black or dark brown. [12]

mixture. The hydrocarbons in crude oil are mostly alkanes

Is recovered mostly through

13



2.8.2 Chemistry of Crude Oil

Petroleum is a mixture of a very large number of different hydrocarbons; the 

most commonly found molecules are alkanes, cycloalkanes, aromatic 

hydrocarbons, or more complicated chemicals like asphaltenes. Each petroleum 

variety has a unique mix of molecules, which define its physical and chemical 

properties, like color and viscosity.

The alkanes, also known as paraffins, are saturated hydrocarbons with 

straight or branched chains which contain only carbon and hydrogen and have the 

general formula CnH2n+2. They generally have from 5 to 40 carbon atoms per 

molecule, although trace amounts of shorter or longer molecules may be present in 

the mixture. The cycloalkanes, also known as naphthenes, are saturated 

hydrocarbons which have one or more carbon rings to which hydrogen atoms are 

attached according to the formula CnH2„. Cycloalkanes have similar properties to 

alkanes but have higher boiling points. The aromatic hydrocarbons are 

unsaturated hydrocarbons which have one or more planar six-carbon rings called 

benzene rings, to which hydrogen atoms are attached with the formula CnHn. They 

tend to bum with a sooty flame, and many have a sweet aroma. Some are 

carcinogenic. [12]

2.8 Water
Water is basic of live, about 70% in human body, Water is unique in that it 

is the only natural substance that is found in all three physical states liquid, solid, 

and gas at the temperatures normally found on Earth. Water is called the "universal 

solvent" because it dissolves more substances than any other liquid.

14



This means that wherever water goes, either through the ground or through 

our bodies, it takes along valuable chemicals, minerals, and nutrients. And is the 

most abundant compound on Earth's surface, covering 70 percent of the planet. 

Pure water has a neutral bH  of 7, which is neither acidic (<7) nor basic (>7). The 

water molecule is highly cohesive it is very sticky. Water is the most cohesive 

among the non-metallic liquids. Water has a high specific heat index it absorbs a 

lot of heat before it begins to get hot. This is why water is valuable to industries 

and in your car's radiator as a coolant. The high specific heat index of water also 

helps regulate the rate at which air changes temperature, which is why the 

temperature change between seasons is gradual rather than sudden, especially near 

the oceans .[13]

2.8.1 Physics and chemistry

Water is the chemical substance with chemical formula H20: one molecule 

of water has two hydrogen atoms covalently bonded to a single oxygen atom. 

Water is a tasteless, odorless liquid at ambient temperature and pressure, and 

appears colorless in small quantities, although it has its own intrinsic very light 

blue hue. Ice also appears colorless, and water vapor is essentially invisible as a 

gas. Water is primarily a liquid under standard conditions, which is not predicted 

from its relationship to other analogous hydrides of the oxygen family in the 

periodic table, which are gases such as hydrogen sulfide. Also the elements 

surrounding oxygen in the periodic table, nitrogen, fluorine, phosphorus, sulfur and 

chlorine, all combine with hydrogen to produce gases under standard conditions. 

The reason that water forms a liquid is that oxygen is more electronegative than all 

of these elements with the exception of fluorine. Oxygen attracts electrons much 

more strongly than hydrogen, resulting in a net positive charge on the hydrogen 

atoms, and a net negative charge on the oxygen atom. [14]
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Chapter Three 

Monte Carlo Simulations

3.1 Introduction

MCNP is a general-purpose Monte Carlo N-Particle code that can be used 

for neutron, photon, electron, or coupled neutron/photon/electron transport, 

including the capability to calculate eigenvalues for critical systems. The code 

treats an arbitrary three-dimensional configuration of materials in geometric cells 

bounded by first-and second-degree surfaces and fourth-degree elliptical torsi. [15]

Point wise cross-section data are used. For neutrons, all reactions given in a 

particular cross-section evaluation (such as ENDF/B-VI) are accounted for. 

Thermal neutrons are described by both the free gas and S (a, (3) models. For 

photons, the code accounts for incoherent and coherent scattering, the possibility of 

fluorescent emission after photoelectric absorption, absorption in pair production 

with local emission of annihilation radiation, and Bremsstrahlung. A continuous- 

slowing-down model is used for electron transport that includes positrons, k x-rays, 

and Bremsstrahlung, but does not include external or self-induced fields.

Important standard features that make MCNP very versatile and easy to use 

include a powerful general source, criticality source, and surface source; both 

geometry and output tally plotters; a rich collection of variance reduction 

techniques; a flexible tally structure; and an extensive collection of cross-section.

16



4

3.2 Description of MCNP Input File

Input to MCNP consists of several files, but the main one supplied by the 

user is the INP (the default name) file, which contains the input information 

necessary to describe the problem. Only a small subset of all available input cards 

will be needed in any particular problem. The word “card” is used throughout this 

manual to describe a single line of input up to 80 characters.

3.3 MCNP Input for Sample Problem

The main input file for the user is the INP (the default name) file that 

contains the input information to describe the problem. We will present here only 

the subset of cards required to run the simple fixed source demonstration problem.

MCNP does extensive input checking but is not foolproof. Geometry should 

be checked by looking at several different views with the geometry plotting option. 

You should also surround the entire geometry with a sphere and flood the 

geometry with particles from a source with an inward cosine distribution on the 

spherical surface, using a VOID card to remove all materials specified in the 

problem. If there are any incorrectly specified places in your geometry, this 

procedure will usually find them. Make sure the importance of the cell just inside 

the source sphere is not zero. Then run a short job and study the output to see if 

you are calculating what you think you are calculating. The basic constants used in 

MCNP are printed in optional print table 98 in the output file. The units used are:

17



3.4 INPUT File

All input lines are limited to 80 columns. Alphabetic characters can be 

upper, lower, or mixed case. A $ (dollar sign) terminates data entry on a line. 

Anything on the line that follows the $ is interpreted as a comment. Blank lines are 

used as delimiters and as an optional terminator. Data entries are separated by one 

or more blanks.

Comment cards can be used anywhere in the INP file after the problem title 

card and before the optional blank terminator card. Comment lines must have a C 

somewhere in columns 1-5 followed by at least one blank and can be a total of 80 

columns long.

Cell, surface, and data cards must all begin within the first five columns. 

Entries are separated by one or more blanks. Numbers can be integer or floating 

point. MCNP makes the appropriate conversion. A few entries on some cards are 

allowed to be 8 byte integers.

The INP file can have two forms, initiate-run and continue-run. Either can 

contain an optional message block that replaces or supplements the MCNP 

execution line information.

3.5 Cell Cards

The cell number is the first entry and must begin in the first five columns. 

The next entry is the cell material number, which is arbitrarily assigned by the 

user. The material is described on a material card (Mn) that has the same material 

number .If the cell is a void, a zero is entered for the material number. The cell and 

material numbers cannot exceed 5 digits each.

18



Next is the cell material density. A positive entry is interpreted as atom 

density in units of 1024atoms/cm3. A negative entry is interpreted as mass density
n

in units of g/cm . No density is entered for a void cell.

3.6 Surface Cards

The surface number is the first entry. It must begin in columns 1-5 and not 

exceed 5 digits. The next entry is an alphabetic mnemonic indicating the surface 

type. Following the surface mnemonic care the numerical coefficients of the 

equation of the surface in the proper order. This simplified description enables us 

to proceed with the sample problem.

3.7 Data Cards

The remaining data input for MCNP follows the second blank card delimiter 

or third blank card if there is a message block. The card name is the first entry and 

must begin in the first five columns. The required entries follow, separated by one 

or more blanks.

Several of the data cards require a particle designator to distinguish between 

input data for neutrons, data for photons, and data for electrons. The particle 

designator consists of the symbol: (colon) and the letter N or P or E immediately 

following the name of the card. For example, to enter neutron importance's, use an 

IMP: N card; enter photon importance on an IMP: P card; enter electron 

importance on an IMP: E card. No data card can be used more than once with the 

same mnemonic, that is, Ml and M2 are acceptable, but two Ml cards are not 

allowed. Defaults have been set for cards in some categories.

19



3.8 Experimental

In this work we have chosen 252Cf isotope neutron source was located in 

a cylindrical cavity of 0.5cm radius and 1cm height , It's a moderator energy 

(2Mev) and reduce the need of heavy shielding, We proposed shielding of two 

layer, first layer carbon is of 5cm radius and 5cm height .C is a good neutron 

reflection to increase the neutron flux toward the sample under test and the second 

layer is the borated polyethylene (BPE) is of 7cm radius and 7cm height, This 

layer to protect the operation from neutrons back-scattered from the sample, It's 

contain hydrogen is a good neutron moderator and 10B is of high absorption 

cross-section for thermal neutron (o =4000 bam) to prevent backscattered neutron
A

entrance, a neutron absorber must be used around the detector (The He 

Proportional Counter is based detector). Ring detector was concentric on the y-axis 

around the shield source with x=17. It’s used to detect all neutrons back-scattered 

in all directions. The composition of materials under test, their densities and 

masses fractions are presented in Table 3.1

Table 3.1 composition of materials under test

Materials Densities(g/cm3) H C O N S

Explosive(TNT) 1.65 0.022 0.370 0.423 0.185 -

Drugs(Cocaine) 1.26 0.488 0.395 0.093 0.023 -

Crude Oil 0.8 0.14 0.8 0.005 0.02 0.005

Water 1.0 0.77 - 0.33 - -
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These materials are employed in the MCNP model to simulate the backscattered
252Cf neutrons. The geometry used in MCNP simulations is presented in figure 3.1 

(a) and (b)

Fig 3.1 (a), Geometry used in MCNP simulations as presented by visual editor5
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Carbon

Sample ▼
Cf-source contained in a cavity

(b), Sketched Geometry used in current MCNP
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Chapter Four

Results and Discussion

4.1 Modeling & Calculation procedure

The assumed sample model was a cylinder of dimensions
25 2lOcmx lOcmxlOcm. The Cf point neutron isotopic source was located vertically 

above the sample at y= 10cm. The measured and normalized neutron spectra of
252Cf employed in the calculations were taken from Griffith, et al. (1990). In order 

to record the number of elastically backscattered (EBS) neutrons from TNT, 

cocaine, water and crude oil stimulants, a ring detector of 10 cm radius was located 

around the shielded source and centered on the Y-axis. The net elastically 

backscattered neutrons spectra were calculated by subtracting the background 

spectrum from the signal (shielded source and sample).

4.2 Data Analysis

The software SigmaPlot version 10 was used to manage and analyze data. 

SigmaPlot is a scientific data analysis and graphing software package with an 

intuitive interface and wizard technology that is designed to guide users through 

their analysis and graphing needs. SigmaPlof s graphing capabilities provide the 

flexibility to easily customise every graph detail and create publicationquality 

graphs. SigmaPlof s analytical features include advanced curve fitting capabilities 

and step-by-step guidance in performing over 50 frequently used statistical tests. 

[16]
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Fig.4.1 and Fig.4.2 represents the net EBS neutron energy spectra from explosive 

sample TNT and cocaine, respectively. As shown, relatively high peaks of TEBS 

neutrons are observed at the energies 0.323, 0.645 and 0.967 MeV.

0 1 2 3 4 5 6 7 8 9  10

Neutron Energy ( MeV)

Fig.4.1 The elastically backscattered neutron from TNT explosive sample
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Fig. 4.2 The elastically backscattered neutron from Cocaine sample

25



Fig.4.3 represents the net EBS neutron energy spectra from TNT and cocaine for 

Cf. As shown, at 0.323 MeV, the number of the EBSN for cocaine exceeds that 

of TNT by a factor of about E4. This is reasonable since the concentration of 

Hydrogen in case of cocaine is higher than that of TNT by a factor of about 22.

0 1 2 3 4

Neutron Energy (MeV)

Fig. 4.3 Comparison between backscattered neutrons from Cocaine & TNT samples
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Fig.4.4 and figure 4.5 represents the net EBS neutron energy spectra from water 

and crude oil, respectively. Relatively high peaks of TEBS neutrons are observed 

at the energies 0.323.

I



Neutron Energy (MeV)

10 11

Neutron Energy (MeV)

Fig. 4.4 The elastically backscattered neutron from water and crude oil samples

4
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Fig.4.6 represents the net EBS neutron energy spectra from water and crude oil. As 

shown, at 0.323 MeV, the number of the EBSN for crude oil exceeds that of water 

by a factor of about 7. This is reasonable since the major constituent elements in 

case of crude oil are relatively light elements (H, C, N and O) and increases the 

probability of fast neutron moderation.

0.00018

0.00016 -

(A
c* 0.00014 -

E
0.00012 -

X
3 0.00010 -

co
3
©c
<5
E

0.00008 *

0.00006 ■

©  0.00004 -

0.00002 *

0.00000
0 1

Neutron flux as a function of neutron energy, water 
Neutron flux as a function of neutron energy, crude oil

2 3 4 5 6 7

Neutron Energy (MeV)

8
* 1 1 ‘

9 10 11

Fig.4.5 Comparison between backscattered neutrons from water & crude oil

samples
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Chapter Five

Conclusion and Recommendations

5.1 Conclusion

In the present work, Monte Carlo simulations were carried out to explore the 

practicality of using a non-destructive detection system based on neutron- 

backscattering technique for discrimination between TNT, cocaine, crude oil and 

water. The results showed that TNT, cocaine, crude oil and water have presented a 

significant signal that could be used to discriminate between them. The results 

demonstrated that our proposed detection system is effective and suitable for the 

current application.

5.2 Recommendations

As recommendations, one could say that further studies are needed to 

explore the usability of different shielding materials to protect the operator. Further 

experimental verification is needed to realize current MCNP simulations.
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