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Usage of nuclear radiation Sources

Remember that,
| dealing with the radioactive sources are associated with personal |
radiation exposure results to several hazards. This implies RadlatlomSafety -_
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Glass is one of three basic types of distinguished by its
amorphous structure and it is considered as

of fusion which has been cooled to a rigid
condition without crystallization, like like.
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Attenuation = Absorption+ Scattering
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Gamma Linear Attenuation Coefficient (u)

Attenuation = Absorption+ Scattering

« The total gamma attenuation coefficient of any
material i1s equal to the sum of all three terms. Each
term refer to the corresponding interaction.

H=Hp t+ He T Hpp

Where
U, - attenuation due to Photoelectric effect ~/

U, - attenuation due to Compton effect

Hpp attenuation due to Pair-Production

' u = the relative change in radiation intensity per unit length. )
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Build up factor (B) & attenuation coefficient

In practice, we have two types of geometry

Detector

Collimator Absorber

: Detector with side shield collar
N : Shield
Source in shielded pig. N Detector end only exposed
End shield plug removed ~ Narrow Beam Conditions (collimated detector) P

(collimated source)
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Build up factor (B) & attenuation coefficient

2) Wide beam condition (real life condition)

Scattered electromagnetic energy included
(but only some of the scattered photons
reach the detector)

Absorber Detector

——aal

Unshielded sou

Source

Shield

12
Using Buildup (closer to real life)

Unshielded detector
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Scattered electromagnetic energy included
(but only some of the scattered photons
reach the detector)

Absorber

/
W so

Shield

Unshielded detector

Using Buildup (closer to real life)

The build up factor (B) should be inserted to correct the above equation.
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Build up factor (B) & attenuation coefficient

The build-up factor (B) at any point is defined as:

_ The intensity of the primary and scattered radiation (Total)

The intensity of the primary radiation only

» The build-up factor, which is always greater than 1.

» Build-up factors have been calculated for various gamma
energies and for various absorbers.

» The build-up factor is in general a function of the total
attenuation coefficient, the thickness of the shielding
material d, and the energy of the gamma radiation

l.e.B=B(u, t, E)

N (
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Build up factor (B) & attenuation coefficient

2) Wide beam condition (real life condition)

Scattered electromagnetic energy included
(but only some of the scattered photons
reach the detector)

Absotber

Linear Energy Absorption

Shielding Formula:

Detector

S-h'e'd Unshielded detector 15

(
=
Using Buildup (closer to real life) & )
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Build up factor (B) & attenuation coefficient

Experimentally, the build up factor B can be determined by using both
setups:

|/|0= et | .. .With collimator
1/1,= B e, .. .Without collimator

(7,)
B = IO without collimator

( I )
I 0/ with collimator
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Build up factor (B) & Dose Rate

The dose or dose rate D at a point of
Interest outside the shield, Is related
to the unshielded dose, D, at the
point by:

D=B D, e
9 \/ : 9
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WAYS TO STUDY SYSTEM

Experiment way/ Experiment way/
actual system model of system

Analytical Model Numerical Model
4 L (Probabilistic- Monte Carlo
(Deterministic) simulation Technique)



BASICS OF SIMULATION

»SYSTEM: THE PHYSICAL PROCESS OF INTEREST

» MODEL: MATHEMATICAL REPRESENTATION OF THE
SYSTEM

« MODELS ARE AFUNDAMENTAL TOOL OF SCIENCE,
ENGINEERING, BUSINESS, ETC.

« ABSTRACTION OF REALITY
« MODELS ALWAYS HAVE LIMITS OF CREDIBILITY

» SIMULATION: ATYPE OF MODEL WHERE THE COMPUTER IS
USED TO IMITATE THE BEHAVIOR OF THE SYSTEM.
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‘ MONTE CARLO

a The Monte Carlo method Is a numerical solution to a
problem that models objects interacting with other
objects or their environment.

The accuracy of the simulation is a direct function of
the number of histories , consequently, of the
simulation time.




Advantages of Simulation

v'Inexpensive to evaluate decisions before
Implementation

v'Reveals critical components of the system

v Excellent tool for selling the need for change

21



> MCNP (MONTE CARLO N-PARTICLE CODE)

GEANT4 (SIMULATION OF THE PASSAGE OF
PARTICLES TRANSPORT THROUGH THE MATTER

» FLUKA
» EG4 o
» OTHERS
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SIMULATION OF THE PASSAGE OF PARTICLES
TRANSPORT THROUGH THE MATTER.

WHAT DOES GEANT STAND FOR?

J Generation And Tracking (End of 1970’s, at the
beginning of GEANT1)

J Geometry And Tracking (Nowadays)
] Upgrade GATE for following GEANT4

ot \ / '
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- |GATE- GEANT:

GATE (GEANT APPLICATION TOMOGRAPHY AND
EMISSION)is an advanced open source software
developed by the international Open GATE

collaboration and dedicated to numerical

simulations in medical imaging and radiotherapy.



»GEANT4 is written in C++(Object-Oriented

programming);Gate using macros, without any C++ writing.

». This way allows user to build C++ classes for describing
geometry, particle interactions and physics While GATE can

be configured by commands.

»The Geant4 simulation code covers a wide energy range of

photon starting from 250 eV to the TeV.
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The detected spectra can be translated to ASCIl and processed
with custom-made programs based on ROOT ( is a data
analysis software developed by CERN especially to handle
large sets of data ( data of large scale)); it can analyze any
set of datq, so it can handle intensity or any thing else; it deals

with them as variables.
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1. Preparing the base glass compound and the starting
doping elements based on their optical and attenuation
properties.

2. Building up validated Monte Carlo simulation code
using GATE/Geant4 based on the initial proposed
composition, the type and energy of radiation and
material geometry.

3. Use the validated code to suggest new series of ®)
suitable shielding composition and geometry for
different types of radiation. 5
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Sample preparation

Borosilicate glasses have been 3 Li * Electrical and Thermal
widely used for optical lenses properties ,high n

with high refractive index, high

density, high chemical stability,

high stability under radiation > Na: Melting Point

effect.

PbO-B203-Si02 |

‘*used as radiation hard glasses, optical and
thermal properties

‘*also the glass containning lead oxide has the
highest refractive index

N— (’\



Physical Shielding

characterization characterization
XRD Linear attenuation
3 coefficient
Density \ /

Buildup Factor Q
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Absorption (A. U)‘
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Assignment

Position (cm—1)

O-B-0O bond-bending vibrations covalent
Pb—O bond vibrations

B—O-B bond-bending vibrations from

| pentaborate groups

B—O bond-stretching vibrations in BO4
units from diborate groups

B—O-B bending vibration and stretching

in [BO3] triangles

433-445

680-705

800-1200

1300-1600




Optical properties
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Refractive Index
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Shielding characterization

E(238.6 keV)

Linear attenuation Coefficient (cm-1)
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Linear attenuation Coefficient

Linear attenuation Coefficient

(cm-1)
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Linear attenuation

Linear attenuation Coefficient (cm-1)
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PbO=0 mol % J
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mass attenuation coefficients for the
selected glasses at for different compositions.
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) mass attenuation coefficients for the selected
glasses at for different compositions.
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THE DIFFERENCE BETWEEN WINXCOM& GATE-
GEANT4

Phase space actor allows you to gain information of :

»Number of particles

» The particle's direction

»Dose measurements

»Energy

» Probability of it’s type interaction separately

» Special distribution of the attenuated radiation

— \ / e
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! CONCLUSION

» Gate simulation code is successfully able to simulate attenuation
of gamma ray radiation through any material composition and at
different photon energies.

» The present study indicates that the gate simulation is suitable to
be used as an alternative approved method for experiment in the
field of radiation shielding.

» The studied glass has high optical transmission in the visible
region as well as superior absorption in the UV region. 2
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