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Abstract

This Masters’ dissertation contents of 136 pages; 18 figures; 26 tables; 78 references
and 1 appendixes.

Key words: Radionuclides, lonising radiation, atmosphere, soil, radionuclide,
Geant4.

The object of the research is Simulation of ionizing radiation transport in ground
atmosphere due to soil radionuclides by using Geant4.

The dissertation presents results of simulation of the characteristics of atmospheric
v- and B-radiations fields due to the radioactive decay of soil radionuclides using Geant4.
On simulating, the secondary radiation and cascade nature of the interaction of radiation
with air was taken into account. The result has given a vertical distribution of the absorbed
doses and the flux densities of y- and B-radiations in surface atmosphere. It was observed
v- and B-radiations background into the atmosphere is at most due to U?*® which contribute
about half of the total y-background up to 200m height for dose rate and flux density.
Th?3? and K* were observed to have a same feature with an increase of height.

K* is the most contributor to beta radiation background up to 5m height (40 — 50%).

U?®* and Th**? have the same contribution at a height of about 2m but their behavior
is inversed to each other.

4th semester.

Level of implementation: fully working on this dissertation during

Application areas: Knowledge of various radionuclides in soil plays an important
role in health physics and geo-scientific research and monitoring of any release of
radioactivity to the environment is important for environmental protection therefore.

Cost-effectiveness/value of the work: The project is feasible and low cost to be
undertaken by University compared to the research and government institute.

Future plans: Modelling of a code which can be used to give detailed information of

each radionuclide contribution as well as radiation from Cosmic ray in a more easier way.

Also, provide a more simpler approach to user who are not familiar with C++ code.
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Introduction and background to the study

Man, is exposed to ionizing radiation spontaneously released by naturally occurring
atomic species like 28U and 2*’Th ever since his presence on the earth. Three types of
radiations, alpha, beta and gamma are emitted by different radioactive materials; which
vary in their energy and penetrating power. One was exposed to radiation only from
natural sources until recent times, nuclear energy has created other sources of exposures
such as fallout from weapon tests, radioactive releases from nuclear reactor operations
and accidents, exposure due to radioactive waste and industrial, therapeutic and
agricultural use of radioisotopes. Still, the major contribution of background radiation
annually arises from natural sources.

Naturally occurring radiation can be found all over the globe. Radiation can be found
in soils, air and water, and within human being. Because it occurs in our natural
environment, it can be taken via food, water that human consumes and the air one breathe.
There are three groupings of naturally occurring radiation, mostly based on where the
radiation comes from. Fundamental there is the radiation in the soils and rocks, called
primordial or terrestrial. Then there is radiation from space, called cosmic or cosmogenic.
The third is human-made, something that wouldn’t exist otherwise or something that
contains more radiation in it than normal (enhanced) because humans have done
something to it. It has been estimated that individuals in the US receive about 0,62rem
each year from all of these sources (Table source: NCRP 160, 2009).

Exposures from natural sources are due to external source of extra-terrestrial origin
(cosmic rays), Source of terrestrial origin (radioactive nuclides present in earth’s crust, in
atmosphere and in building materials), Internal exposure from radio nuclides taken in to
the body through ingestion of food materials etc., and indoor breath exposures due to
radon (*?Rn), thoron (**°Rn) and their daughters. Some of these exposures are relatively
constant and uniform to all individuals throughout the world; while others vary depending
on the location and due to elevated levels of naturally occurring radioactive substances

like uranium (?*8U) and thorium (**?Th) in specific localized areas. All exposures except
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those from the direct cosmic radiation are formed by the radiation of the natural
radionuclides present in the nature (T. Ramachandran, 2011). The exposures are constant
and uniform for all individuals everywhere including the amount of dose from intake of
4K in food. Cosmic rays are, more intense at higher altitudes, and the levels of uranium
and thorium in soils are elevated in localized areas (T. Ramachandran, 2012). Exposures
also vary as a result of human activities and practices.

Records of radio nuclides which are produced by cosmic radiation through the
interaction of the heavily charged particles coming from outer space, with the atmosphere,
which contribute to the natural radiation exposures. Some of the significant cosmogenic
nuclides thus produced are *H, "Be, *C and *Na which contribute mainly to internal
exposure through inhalation (A. Sathish, 2012).

Investigation of seasonal dynamics of - and y-radiation fields vertical profile in the
surface atmospheric layer has researched in recent studies (B. Yakovleva et.al, 2016). The
introduction of the experimental and theoretical studies of the spatial and time dynamics
of atmospheric y 1onizing radiation fields are researched in decades, and their significance
is needed of in different fields of knowledge. Distinctive radiation field are a reflection of
how the current state of the atmosphere, and the State of the system "lithosphere-
atmosphere-ionosphere-the Cosmos as a whole. Although the radiation background on
atmosphere develops different types of ionizing radiation (a-, B-, y-, and neutron
radiation), however, focused only on fy-radiation, that is connected with his great
penetrating power.

In view of this an attempt has been made to measure and study the background
gamma radiation levels in and around the globe by different researchers whilst
investigating on what causes the y and - background in the environment using different
approaches. The information required to define a measurement configuration depends on

the modelling technique and software.
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Statementof the problem

Radiation modelling is a valuable tool for national security, scientific, and industrial
interests in determining situations of both artificial and natural sources of radioactivity.
The purpose of this project is to develop a method to predict the radiation exposure rate
of different background sources. The intention is for this method to be used in an
emergency response scenario where the background radiation environment are unknown.
Everyone knows that fields of different types of radiation may carry different spatial
length information. For example, y-radiation fields more distant and carry information
about the remote source. B-radiation fields carry more local information, for example,
from the source to first tens meters. However, these remarkable properties has still not
been fully exploited to obtain information about the radiation situation, as well as the
current state of the environment.

Another area, which also requires an understanding of the sources and mechanisms
of formation of atmospheric fields, is radiation biology and ecology. In response to
increased interest in recent years to the effects of small doses of radiation many scientific
research have been made but there is still shortage of information on background levels
of natural radioactivity, as well as the lack of methodical field monitoring a-and B-
radiation. Models of gases and aerosols passage have been improving based on that
knowledge. Ionizing radiation (IR) and natural radioactivity are all-important in
radioecology and radiobiology, radiological protection, construction and geophysics.
Atmospheric field of IR are of specific interest in the areas of radioecology and
radiobiology for evaluation of background doses of the population and environmental
exposure.

In this regard, research groups and governmental structures undertake radiation
monitoring of the ground atmosphere. Interpretation of the data derived from observations
of the atmosphere ionizing radiation background is a complicated task. This task solution
requires the use of IR transfer modelling results, as well as knowledge of atmospheric

ionizing radiation sources function. Using these data, source of background radiation, are
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defined and the gamma ray exposure rate is predicted. The prediction is undertaken by
comparing the results obtained using Geant4 and the previous results which were
concluded by Monte Carol Modelling technique. One of the most important aspects of the
correct use of modelling in beta and 7y-spectrometry is to ensure that a model is
benchmarked against experiment. In real scenario, this means that amount of a known-
characterised sample is performed under conditions typical for a sample of that type, and
a size of the same item using a model is performed under identical conditions. By equating
the actual activity present with that predicted from modelling, the level of agreement

between the two methods can be assessed.

Objective of the Research
To investigate contribution of different components which causes y and [-

background in the environment.

SpecificObjectives

To identify the amount of dose released from radionuclides which trigger y and B-
background in the environment.

To model and simulate the result using Geant4

To compare result with simulation software

ResearchQuestions

What is the amount of dose released from radionuclides which causes the y and B-
background in the environment?

Which codes on Geant4 can be used to simulate the results?

Do the results differ from other simulated results?Chapter One
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Chapter One
1! Literature Review
This chapter reviews the literature by defining terminologies and appraising different

articles associated to this research.

1.1' lonizing Radiation

IR is a process in which a wave high enough in energy ejects a charged particle from
an atom, in a process called ionization. The exposure of human beings to IR from natural
sources is a unending and unpreventable feature of life on the earth. For most individuals,
this exposure exceeds that from all man-made sources together (UNSCEAR, 2008). There
are two main contributors to natural radiation exposures: high-energy cosmic ray particles
incident on the earth’s atmosphere and radioactive nuclides that originated in the earth’s
crust. They are present everywhere in the environment at different levels, including the
human body itself. All people are also exposed to radiation resulting from releases to the
background of radioactive material from man-made sources, and from the use of fuels or
materials containing naturally occurring radionuclides.

There are many forms of IR with varying levels of energy and penetration
levels. The most common are alpha particles, - particles, y rays, and x-rays. There are
two types of electromagnetic waves that can ionize atoms: X-rays and gamma-rays, and
sometimes they have the same energy. Gamma radiation is produced by interactions
within the nucleus, while X-rays are produced outside of the nucleus by electrons. There
are officially two types of ionizing radiation that are energetic particles emitted during an
interaction within the nucleus. The alpha particle is constituted of two protons and two
neutrons, or a helium nucleus Helium. The beta particle is either a positron or an electron.
Neutrons emitted during nuclear decay processes are frequently included as ionizing
particles, but they do not actually ionize an atom directly. Neutrons interact with another

nucleus, which may result in a secondary process involving IR (Doss, 2018).
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The biological consequences of radiation are caused mainly by their effect on living
cells. The body has repair mechanisms against damage induced by radiation as well as by
chemical carcinogens; thus, for low levels of radiation exposure, the biological effects are
so small they may not be noticed. The effects of low doses of radiation, if any, would
occur at the cellular level, and thus changes may not be observed for many years (usually
5-20 years) after exposure. In addition to the radiation doses caused by natural sources,
people can be exposed to radiation through effluent discharges with some levels of
radioactivity, from materials released from nuclear facilities, from the transport of
radioactive material to and from facilities, and from the management of radioactive waste
(Tartu Ulikooli, 2010). Doses to the public can be a result of the direct external exposure
to radiation associated with radioactive materials, or from internal exposure due to intake
of radionuclides in air, foodstuffs and water.

The benefits and risks of any practice involving radiation need to be established, so
that proof can be made on their use, and if any risks there should be possibility to minimize
(V. Yakovleva, 2011). The impact of naturally and artificial occurring radiation are the
almost the same. As it is known that excessive exposure to IR is dangerous to living
creatures, therefore it is necessary to be monitored. The only challenge associated to
measuring and interpreting the contribution towards as it can occur due to behaviour of
various sources (D. Wrixon,2014).

In assessment of doses the absorbed dose is used as the fundamental physical
quantity given by:

D =dE/dm (1.1)

where dE is the mean energy imparted to matter of mass dm by ionising radiation.

The SI unit for absorbed dose is joule per kilogram (J kg_l) and its special name is Gray

(Gy).
Equivalent dose is the dose in a tissue or organ T given by:

Hr=)r Wr Drr (1.2)
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where Dt is the mean absorbed dose from radiation R in a tissue or organ T,
and Wr(Table 1.1) is the radiation weighting factor. Since Wr is dimensionless, the unit
for the equivalent dose is the same as for absorbed dose, J kg'!, and its special name is

sievert (Sv) (M. Balonov and V. Golikov,2013).

Table 1.1- Cosmic Ray Dose Rates at Various Altitudes

Radiation type Radiation weighting factor Wr

Photons 1

Electrons and muons 1

Protons and charged pions 2

Alpha, fission fragments, heavy ions 30

Neutrons A continuous function of neutron energy

The effective dose is the tissue-weighted sum of the equivalent doses in all specified
tissues and organs of the body, given by the expression:
Hr=) Wr) Wr Drr (1.3)
where Wr Drris the equivalent dose in a tissue or organ, T, and Wr(Table 2.) is the
tissue weighting factor. The unit for the effective dose is the same as for absorbed dose, J
kg'!, and its special name is Sievert (Sv). Therefore, any radiation dose and exposure can

be calculated and analyzed accordingly.

Table 1.2- Tissue weighting factors recommended by ICRP

Tissue Tissue weighting factor wT

Bone-marrow, Colon, Lung, Stomach, Breast, etc 0.12

Gonads 0.08
Bladder, Oesophagus, Liver, Thryroid 0.04
Bone surface, Brain, Salivar glands, Skin 0.01
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1.21Sourcesof Background radiation

Although radiation is present everywhere and in everything, not all radiation is
normal for a given area. Normal radiation or background radiation is defined as the dose
of radiation an individual is subjected to in their everyday environment, whether artificial
or naturally occurring (D. McLean, S.Holm, M. Bramilla, M. Martin,. 2018). Sources for
background radiation are dependent on factors such as elevation, proximity to radiation
emitting facilities, and geologic makeup of area.

Non-background radiation is anything above the “normal radiation” in a given
area. Examples are smoking, cancer treatments, x-rays, and traveling in an aircraft (due
to increase in elevation). Fallout from a nuclear explosion is considered non-background
radiation. Because some of the radioactive material from nuclear fallout have long half-
lives, over period it becomes a quantity of background radiation within a given
environment (L. Griffeth, A. Orr, W. Splain, J. Kelley, D. Dasher, S. Read, and D. Barnes,
2000). Background radiation appears into our environment in a variety of ways. It starts
from normal courses, such as the decay of Uranium in the Earth, and from non-natural
events like the use of X rays in treatment (CNSC, 2013). So, we can classify radiation as
natural or artificial according to its source. Natural sources include cosmic rays, gamma
rays from the Earth, radon decay products in the air, and various radionuclides found
naturally in nourishment and beverage. Artificial sources include medical X rays, fallout
from the testing of nuclear weapons in the atmosphere, discharges of radioactive waste
from the nuclear industry, and miscellaneous items such as consumer products as

illustrated in Figure 1.1.

M g T H

TTTTT
Radon Cosmic Natural Thoron Natural
radiation radioactivity Radioactivity
in soils in Food

Figure 1.1- Natural Sources of Radiation
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Each source of radiation has two important physiognomies, the dose that it delivers
to human and therefore prevent something to affect such doses. Currently, radiation from
natural sources seemed both ordinary and permanent. It is, however known that amounts
of radiation from the decay products of radon gas (itself a product of uranium decay) in
the home can be strangely high in some areas, although it is fairly easy to reduce them in
existing homes and to avoid high concentrations of the gas when building new homes. In
contrast, we cannot do much to our exposure to the other natural sources of radiation.

The annual dose, averaged over the population of the world, is about 2.8 mSv in total.
Over 85% of this total is from natural sources with about half coming from radon decay
products in the home (A.Wrixon, I.Barraclough, M Clark, 2004). Medical exposure of
patients accounts for 14 per cent of the total, whereas all other artificial sources fallout,
consumer products, occupational exposure, and discharges from the nuclear industry

account for less than 1 per cent of the total value. Figure 1.2 illustrates.

. Radon gas it
from the ground 150

40%

Nuclear power
and weapons test
Artificial sources Other sources

/ ical
M ‘

Figure 1.2 - Statistics of Sources of Background radiation. (Source: www.nrc.gov)

1.2.1Radon
The biggest source of natural background radiation is airborne radon, a radioactive
gas that emanates from the ground. Radon and its isotopes, parent radionuclides, and

decay products all contribute to an average inhaled dose of 1.26 mSv/a (millisievert per
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year). 22Ra, a gaseous decay product of 2?°Ra, is released from rocks, soils, and water into
environment by diffusion or fluid transport (Nazaroff, 1992). The main source of >’Rn in
the atmosphere is soil and its flux depend on the soil type and properties; its only sink is
radioactive decay. **?Rn is a chemically inert gas with the half-life of 3.82 days. The
radioactive gas radon (***Rn) is one of the decay products of 23U, the most abundant
uranium isotope in the earth’s crust (Zahorowski et al. 2004).

It can be used in many ways to follow environmental phenomena such as exhalation
and gas movement between the soil/air interface, the atmospheric pumping effect,
atmospheric air-mass transport, and the Earth tide signal in underground cavities (Richon
et al., 2012). The ?*’Ra activity intensity in the environment varies over five orders of
magnitude, and it differs from place to place. In the open air, the average atmospheric
radon concentration is very low, extending from 2-50 Bq/m? (Jacobi and Andre , 1963;
Porstendorfer et al., 1991), and is even less than 0.1 Bg/m® above the ocean (Wilkening
and Clements, 1975; Bender et al., 2011).

The monitoring of the low-level activity of ??Ra gas in the outdoor environment
requires a very sensitive detector. Still, all such detection systems present quite small
detector capabilities, therefore, highly inadequate for the online measurement of low and
medium activity concentrations (especially below 1 Bqn?). Several families of >*’Ra
detectors exist, but they present very different degrees of sensitivity (Sylvain T., et.al,
2017). Inversely, the best sensitivity is obtained with an electrostatic precipitation method
(collection of radon daughters and alpha spectrometry on PIPS), reaching 1.6 mBg/m? for
an integrating time of one day (Chot et al., 2001). The choice of instrument depends on
the evidence needed, the required sensitivity, the duration of measurements, and so on.

Uranium ore contains natural uranium comprising of 99.275% U238, 0.715% U?*° and
0.005% U?**, From radiation protection point of view, U?*® and its decay products are of
major concern for uranium mining industry. The entire spectrum of decay products
existing in the ore depends on the age. In general, a secular equilibrium grade of the ore

is found (Levinson, A.A., Bland, C.J., Dean, J.R., 1984). External gamma level and
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inhalation exposure due to radon (**’Ra). Monitoring the radon concentration inside
uranium mines and in the environment has been a matter of concern since some past
decades to minimize the extent of inhalation exposure of occupational workers and the
public (Cosma C.,et al. (2009). Descendants of radon are radioactive solids that hold to
the dust particles in the air which can be inhaled or ingurgitate. If contaminated dust is
inhaled or if swallowed, these radioactive elements adhere to internal organs (lungs,
digestive tract). As result, an increase in cancer incidence can be observed. The highest
exposure to o particle, coming from radon decaying, is undertaken by miners working in
badly ventilated uranium mines.

Therefore, the information about spatial and temporal ??Rn flux variations over a
variety of conditions is very important for correct estimation of spatial distribution and
strength of natural and anthropogenic sources and sinks of greenhouse gases based on the
observations of their near-surface concentrations. *’Rn flux measurements were carried
out in different regions of the world (Taguchi et al., 2011), including Russia (Milin et al.,
1968; Kirichenko, 1970; Yakovleva, 2003; Tarasov, 2008). However, the data reported
for Russia are not sufficient to form a clear picture of *’Rn flux variations over such a

vast territory.

1.2.2Cosmicradiation

Cosmic radiation is penetrating ionizing radiation comprised of particles and
electromagnetic energy that comes from outer space. The earth's outer atmosphere is
continually blitzed by cosmic radiation. Commonly, cosmic radiation consists of fast
moving particles that exist in space and originate from many of sources, including the sun
and other celestial events in the space. Cosmic rays are mostly protons but can be other
particles or wave energy. Some IR will penetrate the earth's atmosphere and become
absorbed by humans, which results in natural radiation exposure. Cosmic radiation

accounts for about half of the natural background radiation exposure each year. The doses
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uptake from natural sources of radiation differ depending on location. Regions at higher
altitudes receive more cosmic radiation (nuclearsafety.gc.ca)

Virgin sources due to cosmic ray radiation consist of protons (0.85), alpha particles
(0.14) and about 0.01 from nuclei of atomic number between 4 and 26 (T.V.
Ramachandran, 2011). These particles have high penetrating power, attenuation in the
atmosphere decreases the flux of the cosmic rays on the earth’s surface. As a result of this,
the cosmic ray exposure becomes double for every 1500 meters above the earth’s surface.
Cosmic rays are the dominant source of ionization in the atmosphere from an altitude of
70 km down to around 1 km. Below in Table 1.3 is the ionization produced by cosmic ray
is comparable to that of airborne.

Table 1.3 - Cosmic Ray Dose Rates at Various Altitudes

Equivalent Dose Equivalent Dose
Elevation Above Sed Elevated Above Seg
level (m) Rate (uSv.yl1) Level (m) Rate (uSv.yl1)
0-150 260 —270 1220 - 1828 260 —270
150 - 305 270 - 280 1828 - 2438 520 - 740
305 -610 280 - 310 1438 - 3408 740 - 1070
610 - 1220 310 -390 » 3408 »1070

1.2.3 Natural Radioactivity in Soill

The radiation to which the human population is exposed comes from many sources.
Some of these sources are natural; others are the result of human activities. The radiation
from natural sources include cosmic radiation, external radiation from radionuclides in
earth’s crust and internal radiation from radionuclides inhaled or ingested and retained in
the body. The magnitude of these natural exposures depends on geographical location and

on some human activities. Height above sea level affects the dose rate from cosmic
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radiation; radiation from the ground depends on the local geology; and the dose from
radon, which seeps from the ground into houses (Giir et al., 2001).

A significant part of the total dose influence in the form of natural sources comes
from terrestrial gamma radionuclides (UNSCEAR, 2000). Only nuclides with half-lives
similar with the age of the earth or their matching decay products, existing in terrestrial
materials, such as *K, **U and **Th radionuclides are of great interest. Abnormal
occurrences of uranium and its decay products in rock and soil are the main sources of
high natural background areas that have been identified in several areas of the world such
as Yangjiang in China, Istanbul in Turkey etc. (Zhu et al., 1993; Sohrabi, Karahan and
Bayulken, 2000). Therefore, measurements of natural radioactivity in soil are of a great
interest for many researchers throughout the world, which led to worldwide national
surveys in the last two decades.

Also, the determination of radium isotopes has been researched in environmental
studies and for the protection of public health. Radium has four naturally occurring
isotopes: three of them are alpha emitters (***Ra in the uranium decay series, ***Ra in the
thorium series and *’Ra in the actinium series) and one is beta emitter (***Ra in the thorium
series). The Radon activity in seawater decreases with increasing distance from the source,
as a result of dilution (mixing) and radioactive decay. Due to their widely ranging half-
lives, these radium isotopes have been widely used as geochemical tracers for a variety of
oceanographic process studies (L. Song, Y.Yang, M.Luo, Y.Ma, X.Dai , 2017).

Similar, other studies has been carried out in gold mines and other areas which are
of high risk to be contaminated and found that the major sources of external gamma
radiation are due to radionuclides and their descendant products are accountable for the
key portion of the internal dose received by humans from naturally occurring
radionuclides (Oliveira et al. 2001). Even though the intensities of these radionuclides are
widely distributed in nature, they have been found to depend on the local geological
conditions and as a result vary from place to place (Xinwei et al 2006). Higher

radioactivity levels are associated with igneous rocks such as granite and lower levels with
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sedimentary rocks. There are exceptions however, as some shales and phosphate rocks

have relatively high content of radionuclides (Uosif, 2007).

1.2.4 Radioactive Decay

Radioactive decay is a physical one of the process where an atomic nucleus of an

unstable atom turns into a lower energy state by spontaneous emission of ionizing

radiation. The process does not require external interactions to occur. It results from either

nucleus-internal processes or interactions of the nucleus with (inner) shell electrons.

Table 1.4 - Global Production Rates and Levels of Cosmogenic Radionuclides in the

Atmosphere

Global Production Rate
Nuclides Per unit area(atoms. n*.s*) | (PBq .y*) Global inventory (PBQ)
*H 2500 72 1275
B 810 1960 413
B 450 0.000064 230
e 25000 1.54 12750
2Na 0.86 0.12 0.44
A1 1.4 0.000001 0.71
328i 1.6 0.00087 0.82
32p 8.1 73 0.82
3p 6.8 35 3.5
S 14 21 7.1
e 11 0.000013 5.6
TAr 8.3 31 4.2
I Ar 56 0.074 0.6
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Various types of radioactive decay are commonly identified according to the type of
emitted particles see Table 1.4 below (T.V. Ramachandran, 2011).

Radioactive decay is a stochastic process. The time at which a given unstable atom
decays is not predetermined; instead decays occur with a certain probability. In
consequence, experiments measure statistical observables such as the amount of IR of a
certain type and energy emitted within a given time. Due to practical impossibility of
calculating all relevant parameters from theory, the simulation of radioactive decay
physics for a large number of decays or decay chains relies on the usage of empirical or
pre-calculated data (Hauf S,2013).

Natural radioactivity present on the earth’s crust goes to virgin and modified sources.
Virgin sources are cosmogenic or primordial (terrestrial) and have existed on the earth
since primordial times. Modified sources are from activities like uranium mining, usage
of fossil fuel, production of fertilizers or naturally occurring radioactive materials used
for constructing industry. Sources of manmade radiation include nuclear fuel cycle
operation, nuclear weapon tests, medical and industrial applications of radionuclides.
Level of exposure to these sources depends on occupation, type of dwelling, location of
habitation, life style and level of medical care one receives. Exposures due to natural
radiation are of particular importance because it accounts for the largest contribution
(nearly 53 %) to the total collective radiation dose to the world population
(UNSCEAR,2000).

Major contribution of doses from normal background regions arises from the
inhalation of 222Rn,220Rn and their short-lived progeny. 222Rn and 220Rn are universal
and are produced in the course of decay of 238U and 232Th series. Being inert gases, they
escape to the atmosphere by diffusion and advection. They emanate from soil and walls
of the buildings. Relatively constant exposure to population at a location is the distinctive

characteristics of this mode of exposure.
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Table 1.5 - Natural Radionuclides in the Atmospheric Environment.

Isotope produced by cosmic rays Isotope produced from terrestrial sources
Radiation

Isotope | Half Life(y) emitted [ Isotope emitted | Half life Radiation emitted

14C 5730 Beta 222Rn(Radon) 3.82d Alpha

28i 650 Beta 218pp(RaA) 3.05m Alpha

FAr 269 Beta 214pp(RaB) 26.8 m Beta, Gamma

H 12.3 Beta 214Bj(RaC) 19.7 m Alpha, Beta, Gamma

22Na 2.6 Beta, Gamma | 2!°Pb(RaC) 204y Beta

38 87 Beta 210Bj(DaD) 5.0d Beta

"Be 53 Gamma 210po(RaF) 138.4d Alpha

STAr 35 Gamma 220Rn(Thoron)  |55s Alpha

3p 25 Beta 216Po(ThA) 0.158 s Alpha

2p 14 Beta 212Pb(ThB) 10.64 h Beta, Gamma

2%Na 15 Beta, Gamma | 2'?Bi(ThC) 60.6 m Alpha, Beta, Gamma

1.3ISpecificActivity

Specific Activity (SA) is the activity per unit mass of a pure radionuclide. The units
of specific activity might be Ci/g, Bg/g, etc. It provides an indication of the concentration
of radioactivity, or the relationship between the mass of radioactive material and the
activity. One of the important characteristics of radionuclide preparations is their specific
activity (SA) i.e. the amount of radionuclide per volume or mass unit of a preparation
(Y.A Karelin, Y.U Toporov, V.T Filimonov, V.Z Vahetor, R.A Lebedev, R.A Kutzenov,
2011).

30



The specific activity of radionuclides in environmental objects (soil, water,
agricultural products, food and food products) needs to be determined for usual operation
of nuclear purposes and for liquidation of the consequences of a radiation accident
accompanied by radionuclide emission into the environment. A measurement method,
which is extremely feasible, is needed to solve this problem, especially under the
conditions of the liquidation of the consequences of a radiation accident (O.N Prokov’ev
and O.A Sorniv, 2001).

An increase of SA allows for the implementation of the several pros also a natural
way of production of high-specific activity preparations is accumulation of radionuclides
using accelerators. This method allows for the production of radionuclides with the
specific activity close to the theoretical value. At the same time this method is
characterized by a relatively low productivity (usually, up to several Ci).

Therefore, measurements and studies of natural radioactivity in soil and rocks are
very important to determine the quantity of alteration of the natural background activity
with time as a consequence of any radioactive discharge; monitoring of any release of
radioactivity to the environment is important for environmental safeguard (Harb S, E -

Kamel, 2012).

1.4Radioactive decayseries

Radioactive decays and the release of radiation play an important role for many
experiments, either as visible, as a background source, or even as a potential hazard when
they are a source of radiation-induced injury for human beings. Detailed knowledge of the
radiation inside and around an experiment and its detectors is thus required for a successful
result of the experiment and to assurance the safety of the operator. The increasing
complexity of experiments frequently makes it excessively expensive, if not impossible,
to completely determine the radiation characteristics and response of an experiment from

measurements alone. To evade these limitations, it has become increasingly important to
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estimate an experiment’s radiation and response characteristics with the help of computer
simulations (Hauf S,2013).

If a radioactive nuclide is situated in the Chart of Nuclides far from the stability line
(for the light elements at Z=N), the daughter nucleus after radioactive decay may be
radioactive as well. In nature this occurs with the heavy nuclides in the uranium and
thorium decay series (explained in Natural decay series below). Here the original decay
of 28U or 2*?Th is followed by a series of radioactive decay products.

In this context it is not advisable to restrict into one element from the multiple decay
chain: the relation between a parent and a daughter activity. The relations in a second and
higher degree have been treated elsewhere (Friedlander et al. and Faure).

The parent nucleus decays according to the equations of radioactive decay which we

have treated in this report of which N and A are Number of Atoms and Activity

respectively.
A1 = - dNy/dt (1.4)
Also Nj = Ne™ (1.5)
and A= A()e"M (1.6)

The amount of daughter nuclei is determined by two processes: (1.5) radioactive
decay and (1.6) radioactive growth by decay of the parent nuclei, respectively:
dNo/dt = AaNa + AN (1.7)
Therefore, the last term represents the decay of the amount of daughter nuclide that
was present at the time t = 0. It is obvious that the ratio between 1 and 2 is the dominating
factor that determines the course of the daughter activity in time as shown in the below

equation.

Az = haNo= /(A2 -) ) * A1 0 (e74!- e79) (1.8)
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1.4.2 SecularEquilibrium

This type of relation between parent and daughter activity occurs when the half-life
of the parent nuclide is noticeably larger than that of the daughter nuclide. Examples are
the interactions between the long-living isotopes of uranium and thorium, *8U, 235U and
232Th, and their decay products. Describing the growth of the daughter activity in time if
we take A2 = 0 in the beginning. Finally (at t! co with !2t! o) the daughter activity
reaches a value of A; equals to Az. The fact that in a sample comprising a long-living
nuclide a short-living daughter activity may raise is applied, for instance in cases where
the radioactivity measurement of the daughter nuclide is simpler than that of the parent
activity. Such case is the activity determination of 32Si with a half-life of about 140 years,
which decays through a low- energetic E decay to 32P with a half-life of 14.3 days and a
high-energetic E decay. It is true that after separating chemically a pure 32Si activity 32P
is growing into this sample at rate such that after one daughter half-life the daughter
activity has increased to 50 % of its maximum value of Al. This consideration gives the
time required to gain sufficient daughter activity for a proper measurement after chemical

separation of the parent and daughter nuclides.

1.4.3 Natural DecaySeries:Uranium, Radium, and Thorium

Uranium, radium, and thorium occur in three natural decay series, headed by 23U,
22Th, and *°U respectively. In nature, the radionuclides in these three series are
approximately in a state of secular equilibrium, in which the activities of all radionuclides
within each series are nearly equal. Secular equilibrium have two necessary conditions.

First, the parent radionuclide must have a half-life much longer than that of any other
radionuclide in the series. Second, a sufficiently long period of time must have elapsed,
for example ten half-lives of the decay product having the longest half-life, to allow for
ingrowth of the decay products (Human Health Fact Sheet, August 2005). Under secular
equilibrium, the activity of the parent radionuclide undergoes no appreciable changes

during many half- lives of its decay products.
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Figure 1.3- Decay chain Thorium

The radionuclides of the 28U, 2*2Th, and #°U decay series are shown in Figures 1.3,
1.4, and 1.5, along with the major mode of radioactive decay for each. Radioactive decay
occurs when an unstable (radioactive) isotope transforms to a more stable isotope,
generally by emitting a subatomic particle such as an alpha or beta particle. Radionuclides
that give rise to alpha and beta particles are shown in these figures, as are those that emit
significant gamma radiation. Gamma radiation is not a kind of radioactive decay (such as
alpha and beta decay). Rather, can observed when excess energy is emitted from certain
radionuclides, i.e., as highly energetic electromagnetic radiation emitted from the nucleus
of the atom. For simplicity, only significant gamma emissions associated with the major
decay modes are shown in Figures 3 and 5; that is, radionuclides listed are those for which

the radiation dose associated with gamma rays may harm human being.
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Of the two conditions noted above for secular equilibrium, the first is generally met
for the 238U, 232Th and 235U decay series in naturally occurring ores. While the second
condition may not be met for all ores or other deposits of uranium and thorium (given the
extremely long half-lives for the radionuclides involved and the geological changes that
occur over similar time scales), it is reasonable to assume secular equilibrium for naturally
occurring ores to assessment the of intensities of the various daughter radionuclides that
accompany the parent.

The state of secular equilibrium in natural uranium and thorium ores is significantly
altered when they are processed to extract specific radionuclides. Thorium is known to be
the most difficult radionuclides to measure and trace but in soil its concentration is greater
than that of Uranium 238 ( S.Risica et.al,2010).

After processing, radionuclides with half-lives less than one year will reestablish
equilibrium conditions with their longer-lived parent radionuclides within several years.
For this reason, at processing sites what was once a single, long decay series (for example
the series for uranium-238) may be current as several smaller decay series headed by the
longer-lived decay products of the original series. Each of these sub-series can be
considered to represent a new, separate decay series.

Understanding the physical and chemical processes associated with materials
containing uranium, thorium, and radium is important when addressing associated
radiological risks. It has also been researched that the population weighted average
activity concentration of Thorium series to be as high as 1.4 compared to Uranium - 238

(UNESCAR, 2008 Vol.1)
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1.59UVdecay

The B—decay is a weak process during which a neutron is converted into a proton.
An electron and anti-neutrino are emitted by the parent nucleus: consequently, the atomic
number of the daughter nucleus increases by one and the atomic mass number stays
constant. The electron and anti-neutrino share the energy released during the decay. Since
both particles are not bound in their final state, their energy distribution follows a
continuous spectrum (Jefferon Lab, 2007).

During a B+-decay a bound proton of a nucleus is converted into a neutron. A

positron and a neutrino are emitted by the parent nucleus; the atomic number decreases
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by one and the atomic mass number stays constant. Similar to B—decays, both particles are
not bound in their final state, and accordingly, their energy distribution follows a
continuous spectrum if a daughter nucleus is left in an excited state, after a transmutation
by the previously mentioned decay types, it can deexcite by emitting y-radiation. In case
the excited daughter state is a long-lived (metastable) state, its deexcitation is called
isomeric transition, which will also result in y-radiation. In both cases the atomic number
and atomic mass number remain unchanged (E.Blucher, 2009).

During an electron capture, the parent nucleus absorbs an inner shell electron
(usually K- and L-shell electrons) and simultaneously emits a neutrino. During this
process, which is also called inverse B-decay, a proton is transmuted into a neutron, thus
the atomic number decreases by one and the atomic mass number stays constant. In
contrast to a -decay, an electron capture is a two-body decay, resulting in a discrete
neutrino energy. As an alternative process to y-emission, an excited nucleus can return to
its ground state by transferring its excitation energy to one of the lower shell electrons of
the atom. This process is called internal conversion, and results in the emission of an
electron by the atom, leaving the atom in an excited state. The electron carries a discrete
fraction of the decay energy, and by this is distinct from B-particles with continuous
energy spectra. As with y-decays, no transmutation of the nucleus takes place, and both
the atomic number and atomic mass number remain unchanged

Beta particles are electrons emitted from an atom. In air, beta particles can travel a
few hundred times farther than alpha particles up to six feet (two meters) or more for the
beta particles with higher energies. For the common low-energy beta emitters used in
laboratories, light clothing or a few centimeters of air can stop the beta radiation. For
higher energy beta emitters, a centimeter or two of plastic stop most of the particles. Beta
particles are more like alpha particles when it comes to causing biological damage more
damaging if inside the body than if outside the body. Examples of radioactive materials
that give off beta particles are hydrogen-3 (tritium), carbon-14, phosphorus-32, and sulfur-

35 to mention by few.
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1.68Gammaradiation

Gamma rays are high-energy electromagnetic radiation (photons) emitted in an
attempt by the radionuclide to become stable, i.e., radioactive decay. Gamma rays have
moderate-to-high penetrating power, are often able to penetrate deep into the body, and
generally require some form of shielding, such as lead or concrete. Visible light is also in
the form of photons. Gamma photons behave similarly to light, but they are invisible. For
ranges of Energies between 10keV and 2MeV, three types of interaction are important.
The first effect, which is predominates at lower energies is photovoltaic effect. This occurs
when a photon interacts with an electron from the inner orbit. The electron is ejected with
an energy equal to that of the photon minus its binding energy.

Subsequently and X-ray will be emitted by the excited atom. When the photon
becomes larger than the binding energy of the K shell electrons, Compton scattering
becomes dominant process by which energy is lost. Compton scattering may be
considered as an elastic collision between a photon and an atomic electron in which the
electron binding energy is very small compared with the photon energy. The energy is
shared between the scattering photon and the recoiling electron. Also, at photon energy
more than 1.02 MeV, pair production is possible, whereby the photon disappear and an
electron positron pair is created with the total kinetic energy equal to the photon energy
less than that mass energy of the two particles. Subsequently annihilation of the position
yields two 511 keV photons. The natural gamma radiation dose rate is an significant to
contribution of the average dose rate received by the world's population (Tso MY,2000).
Research on radiation dose distribution is important in assessing the health risk to a
population and serve as the reference in documenting changes to environmental
radioactivity in soil due to emission of sulphur dioxide activities (UNSCEAR, 1993).
Human beings are exposed outdoors to the natural terrestrial radiation that originates
predominantly from the upper 30 cm of the soil (Obed RI, 2005). Only radionuclides with
half-lives comparable with the age of the earth or their corresponding decay products

existing in terrestrial material such as 232Th, 238U and 40K are of great interest
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(Chikaswa K.,2001). Since these radionuclides are not consistently distributed, the
knowledge of their distribution in soil and rock play an important role in radiation
protection and measurement. Gamma radiation from these represents the main external
source of irradiation to the human body and the concentrations of these radionuclides in
soil are determined by the radioactivity of the rock and also nature of the process of the
formation of the soils (Rani A, 2005). Therefore, radionuclides in soil generate a
significant component of the background radiation exposure to the population (Orabi

H.,2006).

1.7The Effects of Radiation Exposure

Radiation exposure can damage living cells, causing death in some of them and
modifying others. Most organs and tissues of the body are not affected by loss of even
considerable number of cells. However, if the number of lost is large enough, there will
be observable harm to organs that lead to death. Such harm occurs in individuals who are
exposed to radiation in excess of a threshold level. Other radiation damage may also occur
in cells that are not killed but modified. Such damage is usually repaired. If the repair is
not perfect, the resulting modification will be transmitted to further cells and may
eventually lead to cancer.

Radiation exposure also has hereditary effect in the offspring of person exposed to
radiation. Such effect was once through to threaten the future of the human race by
increasing the rate of natural mutation to an appropriate degree. However, radiation
induced hereditary affects have yet to be detected in human population exposed to

radiation.

1.8Levelsof Radiation exposure
Everyone is exposed to natural radiation. The natural radiation sources are cosmic
rays and natural occurring radioactive substances existing in the earth itself and inside the

human body. A significant contribution to natural exposure of human id due to radon
39



gas, which emanates from the soil and many concentrates in dwellings. The level of
natural exposure varies around the globe, usually by factor of about 3. At many locations
however, typical levels of natural radiation exposure exceed the average levels by a factor
of 10 and sometimes by the factor of 100 (UNSCEAR,2000).

Human activities involving the use of radiation and radioactive cause exposure in
addition to the natural exposure. Some of these activities simply enhance the exposure
from natural radiation sources (IAEA 00391, 2014). Examples are the mining and use of
ore containing naturally radioactive substance and the production of energy by burning
coal that contains such substances. Environmental contamination by radioactive residue
resulting from nuclear weapons testing continues to be global source of human radiation
exposure. The production of nuclear materials for military purpose has left a heritage of
large number of radiative residues in some part of the world. Nuclear power plants and
other nuclear installations releases radioactive materials into the environment and produce
radioactive waste during operation and on their decommissioning. The use of radioactive
materials in industry, agriculture and research is expanding around the globe and people

have been harmed by mishandling radiation sources.

1.9Mass Attenuation Coefficient

The most important quantity describing the penetration and distribution of gamma-
rays in extended media is the mass attenuation coefficient (1/q). Accurate values of mass
attenuation coefficient of gamma-rays in several materials are of interest for industrial,
biological, agricultural, and medical studies. They are also needed in solving various
problems in radiation physics and radiation dosimetry. Lately, a considerable number of
photon attenuation coefficient measurements and calculations have been presented
(Abdel-Rahman et al., 2000). Damla et al. investigated the mass attenuation coefficients
of some building materials and compared them with tabulations based upon the results of

WinXcom (Damla et al., 2012). Mann et al. investigated the shielding effectiveness of
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selected low-atomic number building materials by computing mass attenuation
coefficients (Mann et al., 2012).

Also, in previous study it has been determined that the attenuation coefficients of
cement and concrete samples, their constituent elements given by Kurudirek et al. (2009),
and Medhat (2009), by the use of Monte Carlo simulation technique (Gurler and Akar
Tarim, 2012). Raje and Chaudhari calculated the mass attenuation coefficients for various
soil samples collected from different areas in India by using gamma transmission
measurements (Raje and Chaudhari, 2010). Singh et al. determined the gamma-ray mass
attenuation coefficients of the PbO-BaO-B20O; glass system experimentally and
calculated theoretically (Singh et al., 2006). Baytas and Akbal calculated the mass
attenuation coefficients of dry soil samples from the transmission measurements for
different photon energies (Baytas and Akbal, 2002). Abdel-Rahman et al. made

measurements to determine gamma-ray attenuation coefficients very accurately.

1.10Effect of weatherinto IR

Analysis of the years’ research results have been revealed a significant seasonal
change vertical field profile - and y-radiation. It was found that in the absence of snow
cover there is a decrease of B-radiation flux density and y radiation dose rate occurring
with increasing distance from the earth's surface. It has been established that in the
presence of snow and freezing temperatures in the winter, there is an inverse relationship,
1.e., increase of B-radiation flux density and y-radiation dose rate occurring with increasing
distance from the earth's surface. Furthermore, a linear dependence between snow depth
and registered atmospheric - and y- background levels in periods of the snow cover
growth was revealed. It is shown that in Western Siberia the radiation dose of people who
are outdoors in winter is reduced. This is pressing issue in terms of radiobiology (K. S

Ryabkina, A. G Kondratyeva, P. M Nagorskiy, V S Yakovleva, 2016)
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1.11'Radionuclidesin soilsand plant uptake

Radionuclides which have been responsible for most environmental concern are
listed in Table 1.6. A radionuclide undergoes the same reactions in soil as the non-
radioactive isotope of the element in question (Wild,1993), although their physical
concentrations in soil are normally very low compared to non-radioactive isotopes.
Understanding their geochemical behaviour in soil plant systems is of critical importance
for the modelling of their transport and retention in soils, transfer from soil to plants and
hence into the food chain, and phytoremediation (Cremers et al., 1988; Agapkina and
Tikhomirov, 1994; Ebbs et al., 1998). Ebbs et al. (1998) suggested that a soil pH < 5.5
would be required to convert Uranium to its most ph to available from in soil. For radio
cesium, 2:1 type clay minerals and organic matter within the soil have been presented to
be the most important controls on its geochemical behavior, and also, following the
Chernobyl accident, radio cesium has been mainly retained in the surface horizons of soils
mainly due to reaction with clay and humid components and/or the soil microcoria (Thiry
and Myttenaere, 1993). The migration velocities of *’Cs and *°Sr in typical soils of the
Khoiniki district, Gomel region of Belarus, were shown to be 0.39+1.16 cm/yr and
0.71£1.54 cm/yr, respectively, and these were strongly induenced by soil type (Arapis et
al.1997).

Table 1.6 - Characteristics of major radionuclides that occur in soil

Isotope Half Life (years) | Principal radiation | Main occurrence
14C 5.7x103 B- Natural and Nuclear Reactor
40K 1.3x 109 B- Nuclear Reactor
90Sr 28 B- Nuclear Reactor
134Cs 2 B-, v Nuclear Reactor
137Cs 30 B-, v Nuclear Reactor
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239Pu 2.4x 104 o, y-ray Nuclear Reactor

1.12Background Radiation detectors

Measuring of radiations involves three main components which includes: Source:
that sends radiation into an object in the case of transmission, induced emission and scatter
imaging or emanated from within the object in case of embedded emission imaging.

Transport: of radiation from the source through the object. Duirng this transport
process, the radiation must interact in order for it to be able to convey information about
the object after it leaves it. Detector: Measures the intensity of radiation that succeeds in

leaving the object and reaches predesigned location (E.M.A Hussein, 2011)

1.12.1 Scintillator -type detectors

Scintillator-type detectors use vacuum tubes to perform the initial conversion of light
to electrical pulses. The amplification and storing these data follow the advances in
transistor electronics. Miniaturization in electronics has revitalized types of gas-filled
detectors. These detectors were developed as "single element" detectors and now have
been revived into "multiple element" detectors with more than one thousand elements.
Advances in materials, particularly ultra-pure materials, and methods of fabrication have
been critical to the creation of new and better detectors. As the requirements for greater
accuracy, efficiency, or sensitivity increases, so does the complexity of the detector and
its operation. The following list presents some types of commonly used detectors and

includes comments on each of them.

1.12.2 Geiger Counter:
The detector most common to the public is the Geiger-Mueller counter, commonly
called the Geiger counter (GC). It uses a gas-filled tube with a central wire at high voltage

to collect the ionization produced by incident radiation. It can detect alpha, beta, and
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gamma radiation although it cannot distinguish between them. Because of this and other
limitations, it is best used for demonstrations or for radiation environments where only a
rough estimate of the amount of radioactivity is needed.

GC detectors are commonly divided into three classes: “pancake”, “end-window”,
and “side- wall” detectors. GC pancake detectors (commonly referred to as “friskers”)
have wide diameter, thin mica windows (approximately 15 cm’ window area) that are large
enough to allow them to be used to survey many types of M&E. Although GC pancake
detectors are referenced beta and gamma detectors, the user should consider that their beta
detection efficiency far exceeds their gamma detection efficiency. The end-window
detector uses a smaller, thin mica window and is designed to allow beta and most alpha
particles to enter the detector unimpeded for concurrent alpha and beta detection. The
side-wall detector is designed to discriminate between beta and gamma radiation and
features a door that can be slid or rotated closed to shield the detector from beta emissions
for the sole detection of photons. These detectors require calibration to detect for beta and
gamma radiation separately. Energy-compensated GC detectors may also be cross-
calibrated for assessment of exposure rates (Marissim, 2002).

Despite its merits on being cheap, robust large variety of sizes and applications Large
output signal (avalanche effect) from tube with minimal electronic processing the GC has
no spectrographic information (don't know what incoming radiation is), can't measure
high radiation rate due to system dead time , high radiation will degrade fill gas, cannot
be used to measure weak source and it is not recommended for measuring gamma

contamination. Therefore, other types of detector are recommended for measurement of

radiations.

1.12.3 Scintillation detectors
Scintillators are usually solids (although liquids or gases can be used) that give off
light when radiation interacts with them. The light is converted to electrical pulses that are

processed by electronics and computers. Examples are sodium iodide (Nal) and bismuth
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germinate (BGO). These materials are used for radiation monitoring, in research, and in
medical imaging equipment (Howard S. Matis, 2000).

A scintillation detector provides us with more information than a gas-filled detector
because it has the ability to determine the energy of the interacting gamma ray. The
resulting ability to perform energy discrimination improves the quality of the information
available, be it in identifying different radionuclides or discriminating between un-
scattered and scattered gamma rays. This energy discrimination depends on the
proportionality of the information carriers through the scintillation crystal, the PMT, and
subsequent electronics, and we can correlate it to an energy scale in keV using the
calibration procedures (Knoll G.F , 2000) . When quantification of ionizing energy is of
interest during a survey, scintillation detectors are commonly used. Scintillation detectors
rely upon the conversion of ionizing radiation energy into light through luminescence. (I"#
$%E&E'()*+,-, Yot '#0*+-%123423#56 #68alibration transfer function allows the intensity
of captured light to be related to the energy of the incident radiation, yielding quantitative
energy distribution information (9"#:"#,+& 56668

Ideally, the majority of light conversion in scintillation materials occurs via
fluorescence, which is a rapid transition, as opposed to phosphorescence. Fluorescence
allows for fast detector response times and quantification of moderate- to high-level

radiation where the dead time of GM detectors may result in erroneous count rates

1.12.4 Solid state X-ray and gammatray detectors

Silicon and germanium detectors, cooled to temperatures slightly above that of liquid
nitrogen, are used for precise measurements of X-ray and gamma-ray energies and
intensities. Silicon detectors are good for X-rays up to about 20 keV in energy.
Germanium detectors can be used to measure energy over the range of >10 keV to a few
MeV. Such detectors have applications in environmental radiation and trace element

measurements. Germanium gamma ray detectors play the central role in nuclear high-spin
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physics, where gamma rays are used to measure the rotation of nuclei. Large gamma-ray

detection systems, such as Gamma sphere and Eurogam are made of these detectors.

1.12.9 Low-energychargedparticle detectors

Silicon detectors, normally operated at room temperature, play a major role in the
detection of low-energy charged particles. Singly, they can determine the energy of
incident particles. Telescopes (combinations of two or more Si detectors) can be used to
determine the charge (Z) and mass (A) of the particle. This type of detector is used in
environmental applications to look for alpha-particle emitters (such as radium) in the

environment.

1.13Methods for Modelling and Simulation developmentenvironment

1.13.1Monte Carlo methods

Monte Carlo methods simulate the physical processes of radiation transport through
matter. The probabilistic nature of an individual particle’s passage through the system of
interest is simulated interaction-by interaction, and the outcomes are collected (or tallied)
over many particle histories. Interaction probabilities are dependent on the materials
traversed, the type of particles and the energy of the particles (J. Dean,2014)

Monte Carlo codes can achieve high precision answers by accumulating events and
driving down the statistical uncertainty (J. Dean,2014). However, the accuracy of any
results depends on numerous factors, such as: How well has the system under
consideration been modelled? The accuracy of dimensions, the identification of material
compositions, radiation source well understood, Are all the physics processes well-
simulated? Are the cross-section sets accurate? Time can be saved when running Monte
Carlo models by biasing the process, influencing the generation and transport of particles
to accelerate the tallying process. However, this presupposes that the outcome is more or

less known beforehand and runs the risk of distorting the results if applied inappropriately.
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General-purpose Monte-Carlo simulation codes either focus on the correct
simulation of individual decays such as Geant4 (J. Agostinel,2003) or the statistical
outcome of many decays e.g., MCNP (J. Briesmeister,1986), and FLUKA (A.
Fass0,2001). Some approaches were insufficient when individual decay were of interest,
also the latter approach does not allow for the physically correct simulation of an
individual decay and its associated effects. General purpose Monte Carlo codes was
benefit from the capability of providing both approaches in the same environment, in

response to the simulation requirements of different experimental scenarios.

1.13.2 Deterministic methods

Deterministic codes are less accurate than Monte Carlo methods, due to their use of
discrete points to solve the transport equations. However, as discussed above, unless the
system under investigation is extremely well understood, this is not necessarily as limiting
as it may at first appear. The main issue with deterministic codes is the introduction of
errors when selecting the number and position of discrete points to use in the model, fine
or intricate structures may need a finer grid of points to represent them if significant
modelling errors are to be avoided. Although generally much quicker than Monte Carlo,
certain problems can still take considerable time to iterate to a solution, particularly when
finer grids (i.e. with large numbers of points) are being used. Deterministic methods are
based on the classical Boltzmann equation (which describes the radiation transport process
in general terms). Deterministic codes look to solve the Boltzmann equation by breaking
it down and approximating it with a set of linear equations and then solving them at a set
of discrete points using an iterative process.

Both of the above methods are extremely flexible in their scope and are capable of
modelling anything from the amount of attenuation produced by the passage of radiation
through a metal foil, to criticality calculations for entire nuclear reactors. However, given

the opportunity for user error in programming the models, it is important that such models
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are benchmarked in some way, either by carrying out supporting experimental work or

finding reports of such experimental work in published literature.

1.13.3 Geant4Monte Carlo simulation toolkit

Simulation plays a fundamental role in various domains and phases of an
experimental physics project: design of the experimental set-up, evaluation and definition
of the potential physics output of the project, evaluation of potential risks to the project,
assessment of the performance of the experiment, development, test and optimization of
reconstruction and physics analysis software, contribution to the calculation and
validation of physics results. The Geant4 object-oriented toolkit is a full set of libraries
written in C++ allowing the user to simulate his/her own detector system. Specifying the
detector geometry, the software system automatically transports the particles shot into the
detector by simulating the particle interactions in matter based on the Monte Carlo
method. Such a method searches for solutions to mathematical problems using statistical

sampling with random numbers (Sébastien Incert, 2005).

1.13.4 General Structure of Geant4

Particles are generated in Geant4 from a single point; their trajectory in a given
material is computed from a modeling of the physics processes applicable to them. Each
physics process (e. g. proton ionization in water) is represented through a C++ class,
allowing the computation of the probability of interaction (mean free path) via this process
as well as the final state generation of the particle through this process. Each process can
be described by several complementary models (like ionization parameterized from ICRU
reports or from Ziegler’s parameterization) and a single particle can have different
processes (like proton excitation in water, proton ionization in water). All secondary
particles are computed the same way. Tracking occurs till the particles are stopped or
leave the simulation volume. Most of the physics quantities (energy, position, energy

deposit) are accessible at anytime during the simulation and can be extracted according to
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the user’s needs. Many types of particles are available as well as physics processes, mainly

classified into electromagnetic processes and hadronic processes.
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Figure 1.6 - Geant4 Class Category

Geant4 consists of 17 class categories, shown in Fig. 1; each is independently
developed and maintained by a working group. The Geant4 kernel consists of categories
in red. It provides central functionality of the toolkit: handles runs, events, tracks, steps,
hits, trajectories, implements Geant4 as a state machine and provides a framework for:
physics processes, visualization drivers, GUIs, persistency, histogram/analysis and user
code.

Categories at the bottom of the diagram are used by virtually all higher categories

and provide the foundation of the toolkit. The global category covers the system of units,
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constants, numeric and random number handling. The two categories, material and
particle implement facilities necessary to describe the physical properties of particles and
materials for the simulation of particle-matter interactions. The geometry module offers
the ability to describe a geometrical structure and propagate particles efficiently through
it. Above these reside categories required to describe the tracking of particles and the
physical processes they undergo. The frack category contains classes for tracks and steps,
used by the processes category, which contains implementations of models of physical
interactions: electromagnetic interactions of leptons, photons, hadrons and ions, and
hadronic interactions. All processes are invoked by the tracking category, which manages
their contribution to the evolution of a track's state and provides information in sensitive
volumes for hits and digitization. Above these the event category manages events in terms
of their tracks and the run category manages collections of events that share a common
beam and detector implementation. A readout category allows the handling of pile-up (S.

Agostinelli, 2003).

1.14 Vertical distribution radionuclidesin soil profile

The level of natural radioactivity in soil is related to the type of parent rock and to
the soil genesis. Contemporary soils carry imprints of pedogenic processes that have been
operating for long periods of time. These processes do, however, have varying degrees of
expression and intensity over space and time and eventually observed activity
concentration of natural radionuclides can vary significantly from site to site (Bogustaw
Michalik, 2016).

Nonetheless, the distribution of activity concentration of particular natural
radionuclides along soil profile consistently reflects soil horizons mainly due to the
relatively short term eluviation process. As radium is not so mobile as uranium in the less
saturated or better drained, and hence, more oxidising soil surficial levels the apparent
loss of 238U relative to 22°Ra is often observed (Dowdall and O'Dea, 2002). However, the

other possibility is probably that this disequilibrium occurred prior to the start of the
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current cycle of soil formation (de Jong et al., 1994). In contrast, widely observed
overabundance of 2!°Pb relative to *?°Ra in the same surficial levels is caused by
permanent deposition of this radionuclide originated by decay of short-lived, fugitive
radon gas that exhaled from soil (Anagnostakis et al., 2005).

Finally, in undisturbed soil a characteristic vertical pattern of natural radionuclides
is observed being a resultant of abiotic pedogenic processes, climate conditions and
radioactive decay (Bogustaw Michalik, 2016). Artificial radionuclides behavior in soils
has been extensively studied, first due to the fallout from weapon tests and then after the
Chernobyl disaster, which caused large areas on the northern hemisphere to be
contaminated. Most of the studies have focused on *°Sr and '*’Cs behavior, since these
radionuclides have relatively long half live and are easy to measure, especially '*’Cs.

In contrast to natural radionuclides that had participated in soil process formation
artificial radionuclides are originating from airborne releases and were deposited on
surficial level of already existing soil. Hence, under natural conditions, only existing soil
ecosystem and climate influence these radionuclides vertical dispersion. Many efforts
have been spent to model artificial radionuclides migration in soil, however, in the light
of very complex soil structure it is highly recommended to rely on process-oriented
(physically based) models, like the convection dispersion model, for the modelling of their
vertical migration in undisturbed soils (Kirchner, 1998; Kirchner et al., 2009). Many field
studies indicate that '*’Cs activity concentration vertical distribution consistently follows
an exponential trend when the fraction of cesium activity below a given depth is plotted
against the depth (Miller et al., 2009).

However, other data also suggest that the downward transport of artificial
radionuclides in the ground is often not well described by an exponential function of depth
and variation of soil density with depth (Isaksson and Erlandsson, 1995) or more precisely,
specific mineral composition of particular soil horizons should be accounted. With no
regards to details time series data have gathered since Chernobyl incident proved that the

137Cs activity concentration depth-distribution shows great similarities between the years,
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implying that the cesium, once deposited, has in a rather short time migrated through the
top soil down to a certain depth and thereafter shows a slow migration (Isaksson et al.,
2001).

Finally, both, natural radionuclides all along present in the ground and artificial ones,
deposited on the ground surface due to radioactive fallout create in long term perspective
a specific pattern that remains characteristic for un undisturbed soil. It can be assumed, to
some extent, that every observed change in it proves a human activity. One of the first
warnings that a case of concern could result from human deliberate or accidental activity
is the fractionation of radionuclides constituting natural decay series. When a decay chain
is broken decay products are not supported by parents and the lack of secular equilibrium
or unnatural ratio of activity concentration of parents and daughters' can be observed
(Michalik et al., 2013).

In some of such situations, the rate of activity concentration of particular
radionuclides is unpredictable (i.e. what kind of either NORM industry or technological
process). However, one has to take into account that the fractionation of long living
radionuclides could result from natural geological processes happened thousands years
ago (Santos and Marques, 2007) and lack of secular equilibrium between them is observed
till now. So, for a NORM case identification disequilibrium between ?*°Ra, 2!°Pb and >'°Po
from ura- nium decay series and 2**Ra and ***Th in thorium one is the most useful as the
time horizon defined by disequilibrium between them is adequate to history of human's
industrial activity. On the other hand, radionuclides fractionation and disequilibrium state
is a source of metrological problems and interpretation of measurement results must be

done carefully as it was pointed out by Anagnostakis (2015).
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Chapter Two:

2! Methodology

This model represents the key characteristics, behaviors and function of the selected
physical or abstract system or process. The model represents the system itself, whereas
the simulation represents the operation of the system over time. Therefore, this chapter
gives description of components to be modelled using Geant4 software

This i1s a general research of y- and B-radiations of soil radionuclides in the “soil-
atmosphere” system and the vertical distributions of the characteristics produced by the
radiation of atmospheric ionizing radiation fields. It is achieved by obtaining the
approximation functions of the vertical distribution of the absorbed doses and the flux
densities of y- and B-radiations in the surface atmosphere for 23U, 233U, 23?Th, 4°K and
37Cs radionuclides, which can be useful for quick calculations of the radiation
background for the areas with differing radionuclide composition of the soil. For
convenience, the approximation functions are obtained per unit activity of radionuclides.

This report is based upon earlier work done by the different researchers, together
with a review of more recent studies of ionizing radiation drawn from both the academic
and ‘grey’ literature. Most of these studies were published after 2000 and therefore
coincide with a period of intensifying global concern about climate change and rapidly
rising emissions of radiation from different source on the globe. The focus throughout this
report is upon development of a real time simulation of investigation of beta and gamma
radiation in the atmosphere.

Basically, one of the most important work that has been used as baseline is a work
done by Valentina S. Yakovleva,2015 who presented results of simulation of the
characteristics of atmospheric y- and B-radiations fields due to the radioactive decay of
soil radionuclides. The Monte-Carlo method was used for simulation of the result. Also,
they took into account the secondary radiation and cascade nature of the interaction of

radiation with air and identified the vertical distribution of the absorbed doses and the flux
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densities of y- and P-radiations in surface atmosphere. Therefore, this work was done

using the same set up only that, this time Geant4 code was used to simulate the result.

2.1 DeskResearch

Desk research aimed at collecting as many information as possible concerning the
possibility of data source. In compiling this report, the information was collected through
literatures of researches which has already been done by other researchers. More than 30
academic studies has been reviewed and this sample is substantial and representative, but
is not intended to be comprehensive. Academic studies were selected via keyword search,
which directed attention predominantly to specialist journals, including: radiation
background, Nuclear Safety, Nuclear energy, Radiation safety, Radiation sources,
simulation of radiation background,Climate changeswith behaviour of background
radiation, Monte Carlo simulationmethod,Codedevelopmentising Geant4Softwareas
well as relevant academic books from Direct Science Link.

The grey literature search reflected the recommendations of experts in the field and
include: The International Atomic Energy Agency (IAEA), International Radiation
Protection Authority (IRPA), the US Department of Energy (USDOE), the US
Environmental Protection Agency (USEPA), World bank Environment Department
(WED), International Comission pf Radiologycal Protection(ICRP), Federal Nuclear and
Radiation Safety Authority in Russia (FNRSA), Collaboration Network on EuroActic,
Environmental Radiation Protectio and Research (CEEPRA), and World Nuclear
Association (WNA).

2.2 Geant4 Software

In the context of this research a mode which was used to run the data is a Geant4
software package composed of tools which can be used to accurately simulate the passage
of particles through matter (http://cern.ch/geant.)Geant4 is written in C++ and exploits

advanced software-engineering techniques and object-oriented technology to achieve
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transparency. This was done by simulation program by controlling run time parameters.
All aspects of the simulation process have been included in the toolkit.

In this software, a stand-alone application was built upon object-oriented framework.
However, using Geant4 software package for the simulation of radioactive decay was
usefully used both realizes both approaches. This package includes a refactored
implementation of the existing Geant4 per-decay approach (P. Truscott,2002), and
extends the functionality of Geant4 radioactive decay simulation by a novel
implementation based on a statistical approach. It is based on the ENSDF (Evaluated
Nuclear Structure Data File) data library, which was chosen due to its widespread usage

in the nuclear science community.

2.3 Materials and Method

The simulation has been developed using the Geant4 Monte Carlo simulation toolkit.
Geant4 is a Monte Carlo software toolkit to simulate the interactions of particles in matter.
It has been widely used in various fields such as a high-energy physics, nuclear physics,
space and medicine. The Geant4 covers physics processes for radioactive decay and
electromagnetic interactions. The results reported in this paper were produced in a
simulation environment based on Geant4, version 10.04 patch 02.

Primary information and source of initial data was obtained from studying the Geant4
guiders for application developers. In this work GEANT4 code has been used to perform

the simulations.

2.4 CodeDevelopment

Geant4 code development has eight stages of which each one of them has specific
contribution towards achieving the task of the simulation:

STEP 1 : Code edition and compilation

STEP 2 : The main()

STEP 3 : Defining a detector geometry
55



STEP 4 : Define Physics and particles

STEP 5 : Generation of primary particles
STEP 6 : Collection of data

STEP 7 : Running the program and visualise

STEP 8 : Data analysis

2.4.1 Codeedition and compilation

The simulation code is stored in a dedicated project directory (called “simulation™);
in this directory, two subdirectories, “include” and “src”, contain respectively the project
header files and the project source files . The main () is placed in the project directory in
the Simulation.cc file, as well as a GNUmakefile file that was used during compilation
and link. But as we are using Linux in this project, the project is simply compiled and

linked using the gmake command.

2.4.2 Main ()

The steps leading to the development of a full application are presented hereafter.
First, it is necessary to write a main() which is not provided and also classes to build an
application on top of the Geant4 toolkit; the usual classes are:

¥ Initialization classes

¥ Action classes

2.4.3 Detector Geometry

Concrete class from G4VUserDetectorConstruction must be defined. In
the virtual method Construct(), one has to assemble all necessary materials and build
the volumes of the detector geometry. Optionally, one may construct sensitive detector
classes and assign them to the detector volumes, define regions for any part of the detector
(for production ranges), define visualization attributes of detector elements and magnetic

(or other) fields.
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A detector geometry in Geant4 is made of a number of volumes. The largest volume
is called the World volume. A mother world volume containing air and a soil should be
created. These materials are defined as well as the geometry. Each volume has three
mandatory descriptions: solid, logic and physical. Visualisation attributes as well as step
size limitation are introduced. The other volumes are created and placed inside previous
volumes, included in the World volume. This detector Geometry presented at any one
among the detectors for measuring Beta and Gamma radiations which are discussed in the

literature above.

2.4.4 Radiation background and nuclear decaydata

Modelling requires input reference data therefore, the initial information or data
generally consist of radiation background sources and nuclear decay data and, also
particles interaction with matter. The input data also consist of information on Densities,
Atomic composition and Molecular Formulae. In the context of this research modelling,
the nuclear radiation background required consist primarily y- and Alpha energies and the
photon emission probabilities per decay, although in some additional data may be
compulsory (A. Nichols,2001). Background Radiation Data are generally well
characterized and it is possible to select data such that the confidence interval in the values
is high. A list of optional data sources for measurement-related applications can be found
in the report of NPL (Pearce A.K, 2008)

In the context of Geant4 Model, general materials (chemical compounds, mixtures)
are made of elements, and elements are made of isotopes. In Geant4, each of these classes
has a table as a static data member, which is for keeping track of the instances created of
the respective classes. The G4Element Class describes the properties of the atoms such as
atomic number, number of nucleons, atomic mass, shell energy, as well as quantities such
as cross sections per atom, etc.

Also, G4Material class describes the macroscopic properties of matter such density,

state, temperature, pressure, as well as macroscopic quantities like radiation length, mean
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free path, dE/dx. The G4Material class is the one which is visible to the rest of the toolkit,
and is used by the tracking, the geometry, and the physics. It contains all the information

relative to the eventual elements and isotopes of which it is made (Geant4 Guide for

developer, 2016).

2.4.9 Defining Material and Particles from the Database

G4V UserPhysicsList is one of the mandatory user base classes. Within this class all
particles and physics processes to be used in your simulation must be defined. The range
cut-off parameter should also be defined in this class. More than 100 types of particles are
provided by default, to be used in various physics processes. In normal applications,
therefore there is no need of defining particles as they are already been defined in the
Geant4 Database. Both Materials for soil composition (Table 2.8) and air composition

(Table 2.9) are registered in this stage of code development.

2.4.48 Physical Processes

Physics processes describe how particles interact with materials. There are seven
categories for this process including electromagnetic, hadronic, transportation, decay,
optical, photolepton hadron, and parameterisation. All physics processes are derived from
the G4V Process base class of which some of them is predefined in this research work.

Electromagnetic Interaction

Electromagnetic processes available in Geant4 and to be considered on modelling
the research work is as follows:

Photon processesGamma conversion (also called pair production, class name
G4GammacConversion Photo-electric effect (class name G4PhotoElectricEffect)
Compton scattering (class name G4ComptonScatteringRayleigh scattering (class name
G4RayleighScattering Muon pair production (class name

G4GammacConversionToMuons)
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Electron/positron processes:lonisation and delta ray production (class name
G4elonisation, Bremsstrahlung (class name G4eBremsstrahlunge+e- pair production
(class  name G4ePairProduction, Multiple scattering  (class  name
G4eMultipleScattering Positron annihilation into two gammas (class name
G4eplusAnnihilation  Positron annihilation into two muons (class name
G4AnnihiToMuPaiy, Positron annihilation into hadrons (class name G4eeToHadrons

Muon processeslonisation and delta ray production (class name G4Mulonisation)
Bremsstrahlung (class name G4MuBremsstrahlung e+e- pair production (class name
G4MuPairProduction, Multiple scattering (class name G4MuMultipleScatterig).

Hadron/ion processeslonisation (class name G4hlonisation), Ionisation for ions
(class name G4ionlonisation, Ionisation for heavy exotic particles (class name
G4hhlonisation, Ionisation for classical magnetic monopole (class name
G4mpllonisation) Multiple scattering (class name G4hMultipleScattering
Bremsstrahlung (class name G4hBremsstrahlung e+e- pair production (class name
G4hPairProduction).

GEANT4 includes low energy packages which permit to extend the validity range of
particle interactions for electrons, positrons and photons down to 250 eV, and can be used
up to approximately 100 GeV. For photons, the code takes into account the Physical
Processes. Each particle history, step by step from the generation to full dissipation of its

energy is recorded.

2.9 Componentof the Code

F.No | File/Folder ¥lActioninitialization.hh

1 CMakeList.txt ¥DetectorConstruction.hh

2 GNUmakefile ¥EventAction.hh

3 GNUmakefile.tools_hook ¥PhysicsList.hh

4 Include ¥PhysicsListemStandards.hh
¥RunAction.hh
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¥SteppingAction.hh

5 rndSeed.mac ¥Actioninitialization.cc

6 Source ¥DetectorConstruction.cc
7 TestEm4.cc ¥EventAction.cc

8 Vis.Mac ¥PhysicsList.cc

¥PhysicsListemStandards.cc
¥RunAction.cc

¥SteppingAction.cc

2.6 Simulation Geometry and Materials

In the simulations a geometry presented in Figure 6. The source (soil) and the
absorbing medium (air) are assigned in cylindrical geometry. The general setup of
geometry considered a cylinder of 500 m radius and 500m height, however in order to
avoid the contribution of edge effects on the conclusive result the calculations of the
absorbed dose and the flux density of lonizing Radiation were carried out for accuracy on
an inner cylinder of radius 100m. The depth of the soil layer is 50cm. The soil is simulated
with atomic soil composition summarized in Table 7 having a density of 1.3g/cm>.The air
atomic composition is illustrated in Table 8 hereunder with a total density of 0.00129 g
cm™. The simulation is conducted on vertical distribution of the atmosphere in order to
investigate the characteristics of IR generated by soil radionuclides. Figure 2.1 illustrate
the geometry constructed for modelling.

In the simulations the energy deposited in air geometry was recorded to obtain the
Dose and Flus density produced by both Gamma and Beta radiation. Knowing the number
of photons emitted, the area of the surface detector, the number of photons crossing the
surface, their corresponding energy and angle of incidence, the photon flux energy

distribution per unit activity per unit of soil mass in g /cm.s per Bq/kg was calculated.
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Figure 2.1 - Simulation setup on for modeling in Geant4

Table 2.1- Radionuclide Decay series

Radionuclides

Series A 2%2Th series 232Th, 22Ra, 2?!Ac, 2?°Th, ***Ra, ?*°Rn, ?'°Po, %'’Pb,
212Bi, 208T1

Series B 238U series 238U , 234Th, 234m Pa, 234Pa, 234U, 230Th, 226Ra, ZZZRn,
218p, 214pp,_ 214Bj 214pg, 210pp, 2104 210pg

Series C  2%U series 25U, BITh, 2'Pa, ?’Ac, 22°Fr, ?*’Th, **Ra, *"°Rn,

215p, 211pp, 211G 207T]. 211p,
SeriesD  “K

SeriesE ¥7Cs

The composition of soil sample and the atmospheric layer (air) for modelling the
contribution of soil radionuclide is hereunder illustrated in Table 7 and Table 8

respectively.
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Element
O

Si

Al

C

Fe

H

Ti

Mg

Table 2.2 - Soil Composition

Soil Radionuclides

Atomic number
8

14

13

6

26

1

22

12

Soil density 1.3 g/cm?

Atomic weight
16

28.09

27

12

55.85

1.008

47.9

2431

Weight per volume, %
43.2

20.2

14.4

10.6

9.2

1.5

0.7

0.2

The simulation of the vertical distributions in the surface atmospheric and the

characteristics of the ionizing radiation fields generated by soil radionuclides are done

using the Geant4 program.

In simulation, the secondary radiation and the cascaded nature of the interaction of

the radiation with the air are registered, as well as the secular radioactive equilibrium

between the ancestors of the series and the daughter products of their decay.

The absorbed doses and the densities of flux of y- and B-radiations are researched as

the characteristics of the ionizing radiation fields. The radionuclides to be assessed are

grouped into five as shown in Table 6 above.
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Table 2.3 - Air composition

Air composition

Element  Atomic number  Atomic weight Weight per volume of the

H
N
O
Ne
Ar
Kr
Xe
Rn

elements

1 1.00 8.0-1077

7 14.00 0.755

8 16.00 0.232

10 20.18 1.40-10°
18 39.95 1.92-10
36 83.80 3.00-10°
54 131.29 4.00-107
86 222.02 4.50-10°"

Air density 1.29-107 g/cm?

2." Mathematical Model for analysingthe result

The total energy deposited for at different height was registered at each height and

the contribution of each energy at different levels was calculate using the formula below.

E:
Contribution of Energy deposited = E_;

Where E; = Energy in i height
E is the total Energy deposited
Energy = E * 1,6 * 10713 (Joules)

Where E is the total energy deposited
IMeV = 1,6 * 10" Joules
Massg;y = Volume * p,, =m *R*xh*p_,_
Where " = Density of Air
h = height of the cylinder

2.1)

(2.2)

(2.3)
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R = radius of the cylinder

Absorbed does rate 1n air

Absorbed dose rate defined as the ratio of an incremental dose (dD) in a time interval

(dt)

Absorbed Dose rate = Z—Lt) [nGy/h]

(2.4)

Gamma dose rate in air, one meter above the ground, is used for the description

AD(nGY/h) =0,642A. + 0,621 At + 0,047Ak

of natural occurring radiation, and is usually expressed in nGy/h or pGy/h. The absorbed
dose rate due to gamma radiation of naturally occurring radionuclide (U238, Th232,

and K*°), were calculated on guidelines provided by (UNSCEAR, 2000).

(2.5)

Where 0.642, 0.621 and 0.0417 are the conversion factors for U>*®, Th?32, and K*°

contribute very little to total dose from environmental background.

Activity — SA x Area of soil

Multiplication Factor =

Specific Activity is given by the equation:
Al
glymt

Where:  Ai=Counts

" H# PW&'()* t+--).), ./

01# 2,3.,'(4*, £6-¥4554 +5)66)%'
m = Mass of sample

t = counting time

Beam

assuming that the contribution natural occurring radionuclide can be neglected as they

(2.6)

(2.7)
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However, in Tomsk, the values of specific activities of >>Ra, 2**Th, K and 3’Cs in

the surface soils are 25; 26; 345 and 10 Bqg/kg, respectively (Karataev, 2000).
D,4tio = Dose * Multiplication Factor (2.8)

There after the flux density was calculated using the formula below:

Flux Density = Al (2.9)

4% % R2

Where N = Number of particles entering the cylinder
R radius of the Cylinder
All the calculation where made and the graph were plotted and analyzed and whilst
conclusion and assessment were also based on the previous study which was made at
Tomsk as prescribed in Chapter 3 of this dissertation. The Financial analysis for
determination of the effectiveness of the research was discussed in chapter 4 followed by

the social responsibilities which were clearly elaborated in Chapter 5.
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Chapter Three

3.! Result

The results reported in this analysis were produced in a simulation environment
based on Geant4, version 10.04 patchO2. The output image of the simulation result is
shown in Figure 3.1 The green and Orange cylinders is air (1.29mg/cm’) the Blue
cylinders is soil (1.3g/cm?®),The PhysList used for simulation standard was
G4PhysListEmStandard.cc. The Proportion of #2Th:?*8U:2%U:4K:¥Cs=1:1:1:1:1 of

which the Soil activity is 1 Bg/kg.1 beam on 80000 in one simulate.

= @(55%) 4)) 20185 188 98 M= 01:14:18 ¥
TestEm4
Scene tree, Help, History 2% | ysefultips &  viewer-0 (OpenGLStoredQt) %
Scenetree Help History

l viewer-0 (OpenGLStoredQt)

¥ Scene tree

Scene tree : viewer-0 (OpenGLStoredQt)
v & (] Touchables
v & [ expHall [0)
& [ inner cylinder [251]
& W inner cylinder [252)
& [ inner cylinder [253]
& M inner cylinder [254]

& [ inner cylinder [255]
% B i cdin s [aEe]

¥ Viewer properties

Property
autoRefresh True
auxiliarvEdae False
backaround 0001
culling 1
cutawayMode union
defaultColour 1111
defaultTextColour 0 0 1 1
edae False

¥ Picking informations Picking mode active

I3

Figure 3.1: On Screen Geometry during simulation

The total energy deposited for at different height was registered and the contribution
of energy at each height was calculate using the formula below: The activity was found to
be 3*10'?Bg/hr at a beam of 80000.

The total activity of soil was found to be:

3*10/\12% 3+1071284

b =375%10,

Activity = - 50000
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Therefore, the final absorbed dose obtained was multiplied by 3.75*10"7.
Contribution of Energy deposited = g—; (3.1)

Where Ei = Energy in i height

E is the total Energy deposited
578243

10 = e = 0,591=59%
Cio-20 = oo ee = 0,235 = 23,5%
Cr0-30 = 5o =0,108= 10.8%

Ci0-0 = o =0,045=4,5%

_ 21559 _ n o
Caomso = gog o= =0,022 =2,2%

Energy = E % 1,6 * 1071° (Joules) (3.2)
Where E is the total energy deposited
lkeV =1,6 * 10"° Joules

Concentration of each soil radionuclides was made via investigating their photopeak
as illustrated in Appendix A. The concentration of Th?* series is determined by Pb?!2

214 " as for

Ac**® and Bi?!2. Also, for U>® its concentration was observed via Pb*'* and Bi
K* the true measurement were made.

In Tomsk, the values of specific activities of 22°Ra, 2*?Th, “°K and '*’Cs in the surface
soils are 25; 26; 345 and 10 Bqg/kg, respectively (Karataev, 2000). The obtained results
are comparable to the worldwide average recommended by UNSCEAR which are 30, 35
and 400 Bq/kg for U8, Th**? and K*° respectively (UNSCEAR, 2000). It was found that

the values of U?*® and Th?* specific activities are higher than the worldwide average and

for K*°, it is clear that the specific activities, is found to be less than worldwide average.
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3.1Graphs and Comparison of results

3.1.1 Dependence®f Absorbed Doserate and Flux density with height

From the calculation and formulae made in the last section the following graphs and
analysis was made. The graphs were plotted using Excel 2016 and Tables for Mac 2018.
Result of simulation at different depth level up to 50cm and a radius of 500m was

summaries as attached in Appendix 1 and a graph shown in Figure 3.1 below.

H)'$",
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]
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Figure 3. 2: Dependene of absorbed dose rate for y-radiations
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Figure 3.4 - Dependence of Absorbed dose for 8
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Figure 3.5 Dependence of Flux Density of 8

From figure 3.2 and 3.4 it can be observed that absorbed dose and flux density of the
gamma radiation emitted by soil radionuclides follow an exponential form. Both absorbed
dose rate and flux density are very high at the height near the soil and level of radiation
decreases as with height. It can also be noted that above 3m height, the flux density is
almost not changing any more.

However, the graphs of variation Beta radiation Absorbed dose and Flux density
follows a different behavior. The graphs follow two exponential function. This is due to
the fact that half a meter beta radiation decrease at a very high rate, this is because of its
high absorption probability then the graph decreases at a very low rate with height due to
the secondary interaction of which soil gamma radiation interact with air. Figures 3.4 and

3.5 illustrates the variations.
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Figure 3.6 - B-radiation absorbed dose Dp in air on the components

3.1.2 Inhomogeneoudistribution of Whackground

The influence of the inhomogeneous distribution of radionuclides in depth on the
atmospheric y-background was assessed on a depth of 50cm and the contributions of each
10-cm layer of soil to the total dose at different heights up to 30m. The results are shown
in Figure 3.3. It was found that the contribution of the upper 10-cm layer is 48#83%
depending on the height above the earth surface. The next 10#20 cm layer contributes
from 13 to 26%. As a result, the first 20 cm of soil form ~ 90% of the absorbed dose of y-
radiation in the air. Therefore, the distribution of radionuclide concentrations in depths
below 20 cm does not significantly affect the assessment of the vertical profiles of the
doses and the flux densities of y-radiation. And therefore, low penetration capability of -
radiation through media from the few cm depth versus the inhomogeneous distribution of
radionuclides in depth is not applicable in this case. Figure 3.3 elaborates the analyzed

data retrieved from Geant4 percentagewise.
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3.1.3 Vertical profiles of the Wradiation field in the surface atmosphere
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Figure 3.8 Calculated D vy at unit activity in Tomsk
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Figure 3.9 Calculated Py at unit activity in Tomsk

Figure 3.10 - Calculated Dg at unit activity
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Figure 3.11 - Calculated Pg at unit activity

The result of simulation on the absorbed dose and the flux densities of B- and vy-
radiation change with height, calculated for actual specific activity of soil which was used
in previous study in Tomsk of which the values of which its specific activities of **°Ra,
2%2Th, “K and '*’Cs in the surface soils are 25; 26; 345 and 10 Bq/kg, respectively
(Karataev, 2000).

An observation is made that the absorbed dose of y-radiation at the earth surface at
heights up to approximately 1 m is twice the dose of B-radiation see figure 3.8 and figure
3.10.. The difference in the fluxes of - and y-radiation is hundreds of times. At heights
from 0 to 5 m, the ratio P,/Pp increases from 100 to 800, figure 3.9 and 3.11 illustrates.

An observation was also mad on the proportionality between the dose in the
absorbed dose and flux density that it is possible transform one set of characteristics of

the radiation to the other. The proportionality factor is equal to approximately 1000. Also,
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the values do not depend on the height of the detector, the radionuclide composition of

the soil or the ratio of specific activities of radionuclides.

3.1.4 Contribution of eachradionuclide into the total dose

To define which soil radionuclides, provide the most to the total characteristics of
the atmospheric - and y-fields, a comparison on the dependences of the height of the
contributions of soil radionuclides in Dy and Py for real activity and unit activity were
performed. Figure 3.12 and 3.13 illustrates the graph based on real activity and unit
activity respectively.

The contributions of different soil radionuclides to the combined characteristics of
ionizing radiation atmospheric fields are significantly different and vary with the height.
In calculations, per unit activity, the maximum contribution is made by the radionuclides

of uranium and thorium series whose ancestors are U*® and Th?3?
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Figure 3.12 Contribution of soil radionuclide in D, and P, calculated for real activity
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Figure 3.13 Contribution of soil radionuclide in D, and P, calculated for unit activity

The contributions of Thorium series to the y-background increase with height (Figure
3.12 1nd 3.13) for both real activity and unit activity. However, Uranium 238 contribute
about half of the total gamma background up to 200m height for dose rate and any height
for flux density for real activity and unit activity. Also, despite of its high contribution to

Gamma dose and flux density of about 50%, its characteristics is inversely proportional

to height.
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Figure 3.14 - Dg and Pg features for real and unit activity

76



It was noted that during investigatig the features of each radionuclide the soil
radionuclides influence differently on the dose and the flux density of y-radiation, but
similarly on the dose and the flux density of B-radiation. This is due to their difference
spectral characteristics of radionuclides. Specifically, the energy spectrum of y-radiation

is discrete, and $-radiation is continuous.
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Chapter Four

4.! Financial managementresourceefficiency and resourceconservation.

4.1lIntroduction

Accessing finance i1s often a major barrier to the successful implementation of
resource efficiency projects and, ultimately, the business benefits that these projects can
deliver. When planning a resource efficiency project in any organisation and need to
access finance, a business case has to be prepared in order to support the proposed project
as well as a strong case for investment to senior management or external lenders has to be
presented. With this research work, GEANT4 was used to model a real case for
investigating the contribution of soil radionuclides into a total Beat and Gamma radiation
in the atmosphere.

Studies have been carried out in different part of the world in order to monitor
the amount of radiation uptake in different palace. Different approaches have been used
by using different type of technologies such as physical visit of the site and taking
measurement directly by the use of radiation monitoring instruments, also software such
as MatLab and the other version of Monte Carol have also been used to undertake the
same research. However, GEANT4 software has been proved to be the most sustainable
toolkit as it can be used to model the same situation of monitoring radiation in real time

at very high accuracy and low cost.

4.2Financial Management

The aim of this programme is to improve the visibility and the availability for all
levels of management of decision critical information, as well as the control over available
resources (human, IT and financial), and to realise efficiencies by standardising and
automating key central financial processes starting from budget accounting to financial
accounting and cost accounting. Most of scientific research are undertaken in order to

provide a solution to the approaching technical obsolescence of existing problem, IT-
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applications, general and budgetary accounting systems and the payments system.
Financial management involves planning, organising, controlling and monitoring
financial resources in order to achieve project objectives therefor it helps to trigger the
financial costs of the project, which allows the investors to assess the benefits that gained
from the project investment.

However, it is noted that assessment of the commercial value of (potential)
development is a necessary condition for finding sources of funding for research and the
commercialization of its results. Therefore, it is important for developers who need to
represent the state and perspectives of ongoing research. Through this assessment scientist
can find an associate for further research, the commercial attractiveness of the results of
this study and establish a new business as financial analysis has been performed and
proven as viable project.

Therefore, the purpose of the section "Financial Management, Resource Efficiency
and Resource Savings" is to determine the prospects and success of a research project, to
develop a mechanism for managing and supporting specific project solutions at the
implementation stage of the project lifecycle which is in this case development of a model
that would easy an assessment of contribution of soil radionuclides into the radiation dose

in any environment.

4.1.1 Potential consumerof the researchresult

The product which has been studied under this research is the code developed from
GEANT4 packages, which can be used to run under different scenario and condition in
order to determine the amount of 10nizing radiation exposed to the environment as well as
identify the source of it. The potential users of this research are government officials who
work on radiation monitoring, educational institution, agriculture sectors and consulting

firms which deals with radiation.
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4.1.2 Analysis of competitive technical solutions from the perspective of

resourceefficiency and resourcesavings

It is important to realistically assess the strengths and weaknesses of the development
of competitors. The analysis of competitive technical solutions from the standpoint of
resource efficiency and resource saving makes it possible to evaluate the comparative
effectiveness of scientific development and determine the directions for its future
enhancement.

This analysis was carried out using the evaluation map and three competitive
developments have been selected. Criteria for comparison and assessment of resource
efficiency and resource saving, given in Table 4.1 selected based on the selected objects
of comparison, taking into account their technical and economic features of development,
creation and operation.

One of the strategy for environmental management and sustainability can be
characterized as the harmonization of environmental conservation and economic
competitiveness by the pursuit of eco-efficiency (in other words, energy efficiency and
resource productivity). This is in keeping with the concept of Ecological Modernization,
a conceptualization of a shift in environmental policy and management.

Many solutions and strategies have been put in place on making sure that mapping
of radiation levels in different countries is achieved, this has been taking place in order to
control/monitor the amount of dose taken by the living organism in earth which has
negative impact when the dose is her compared to the allowable dose intake per year.
However, the cost associated on undertaking such studies is higher as well as accuracy of
the analysed data has been low, therefore different technological approaches has been
implemented in order to lower cost of undertaking such studies. With this research the
three technical solution includes the use:

¥ GEANT4 Object oriented toolkit -PO
¥ Monte Carol Software - P1

¥ Deterministic Method -P2
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Table 4.1- Evaluation card for comparing competitive technical solutions (D)

Criteria Weight | Points (P) | Score=CW*P
Evaluation criteria

CwW PO|(P1|P2|SO |S1 |S2
1 2 3 14 |5 |6 7 8
Performance resource evaluation criteria
Data usage time 0,2 5 14 (4 (05 (04 (04
Noise immunity 0,07 4 14 13 105 |05 (0,3
Security 0,2 515 (4 (04 (04 |03
The need for memory resources 0,05 513 (3 105 (03 |0,3
Functional capacity (provided | 0,06 514 |4 1035/03 |03
capabilities)
Ease of use 0,09 5 13 (4 1045(0,35(0,3
Availability of expensive | 0,1 5 14 |14 (05 (04 |04
equipment
Economic criteria for evaluating the effectiveness of:
Product Competitiveness 0,03 5 13 (2 102 (0,2 |0,15
Price 0,1 5 (3 (1 (04 |03 |03
Financing scientific development | 0,05 3 14 (2 103 (0,3 |04
Availability  of  development | 0,05 4 |4 |4 10,04)|0,04]|0,04
certification
Total 1 4,5 |3,85]3,55

The weights of indicators, determined by expert way, should be 1 in total.

Analysis of competitive technical solutions is determined by the formula:

Where:

K=Y CW.B;

K is the competitiveness of a scientific development or competitor;

4.9)
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CW - indicator weight (in fractions of a unit);
Bi - score of the i-th index.

In the existing state systems of radiation monitoring is measured only one
parameter which is the dose rate of y-radiation. The developed methodology is simple and
economical in comparison with competitive methods for measuring radiation values in the
atmosphere, since it allows measuring the flux densities of B-radiation, the volume activity
of soil radionuclides and daughter decay products, and the radionuclides flux density from
the soil surface. This analysis allows us to say that the study is effective, since it ensures
an acceptable quality of the results. Further investment of this development can be

considered convenient.

4.3 Pre-project analysis

At present, the prospects for scientific research are determined not by the scale of the
discovery, which is difficult to estimate at the first stages of the life cycle of a highly
technological and resource-efficient product, but rather as a commercial value of
development. Evaluation of the commercial value of development is a prerequisite in the
search for sources of funding for scientific research and commercialization of its results.
This 1s important for developers who must represent the state and prospects of ongoing
research.

It is necessary to understand that the commercial attractiveness of scientific research
is determined not only by the excess of technical parameters over previous developments,
but also by how fast the developer will be able to find answers to such questions: whether
the product will be in demand by the market, what its price will be, what the budget of the
scientific project is, required to enter the market, etc.

Achievement of the goal is provided by solving problems:

¥ assessment of commercial potential and prospects of scientific research;
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¥ 1dentification of possible alternatives to scientific research that meet modern
requirements in the field of resource efficiency and resource saving;

¥ planning of research works;

¥ definition of resource (resource-saving), financial, budgetary, social and

economic effectiveness of the research.

4.3.1 SWOT ANALYSIS

With this dissertation a SWOT analysis is performed in order to conceptualise the
strength, weakness, opportunities and threat of developing a code which will simulate any
scenario of data in order to detect the amount and source of beta and gamma radiation in
the environment.

A SWOT analysis is an analytical technique used to determine and define
several key characteristics: Strengths, Weaknesses, Opportunities, and Threats. It can be
applied to an entire company or organization, or individual projects within a single
department. Most commonly, SWOT analysis are used at the organizational level to
determine how closely a business is aligned with its growth trajectories and success
benchmarks, but they can also be used to ascertain how well a particular project is
performing compared to another project in this dissertation it will assess how well
GEANT4 perform well compared to the other traditional ways. The analysis is performed
based on the internal factor which on one hand is helpful and considered as a Strength and
also hurtful of which 1s considered as a weakness, also as an external factor it has both
positive and negative effect which are considered to be opportunities and threats
respectively.

STRENGTH: This element addresses things that the GEANT4 toolkit does
especially well. This could be something intangible, for example the code developed
uniqueness that other codes cannot perform such as running simulation with very high
accuracy and its one of the most powerful particle simulator in the world. The object-

oriented style allows us to separate each function and component so that users can add
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their own functions without having knowledge of the rest of the toolkit. Geant4 is
currently the only particle simulator that can simulate every kind of interaction on every
type of radiation across a broad range of energy levels.

On the other hand, it can just as easily be used to understand the effects of harsh
radiation on the human body in space as well as providing tools for run management,
visualization, and user interface. It also illustrates how well and fast the software can have
compared to other traditional ways of collecting data and analyse manually. Therefore,
The Strength are based on advantages that competition does not have.

WEAKNESSES

This is a critical self-awareness on the weaknesses. It identifies what’s holding the
project back. This element includes organizational challenges like a shortage of skilled
people and financial or budgetary limitation. GEANT4 toolkit is a very big and advanced
software therefore it needs skilled personnel for code development in order to perform
certain task. Therefore, without some skilled personnel, the packages cannot be used
effectively. Weaknesses are based on the characteristics that are at the disadvantage such
as gap in capability of technological knowhow, Complexity of software, Financials,
Vulnerabilities (Timescale of project, deadlines and pressure), Reliability of data for
analysis and Outdated design.

OPPORTUNITIES

Technology advancement is a good example of an opportunity to this dissertation.
The data can be analysed in real time and results can be easily achieved in very short time.
With this regard, radiation monitoring can be easily achieved without reaching the site to
be mapped. Therefore, researchers can easily use GEANT4 to get access to be used for
code development. Opportunities available are New technology to improve user
experience and increased global influence, Meet unfulfilled customer need such as
environmental friendly software (no pollution), New design trend, Positive change in

social factor and Information and research partnership.
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THREATS

Technology advancement rate is increasing at a very high rate therefore competition
rate for code development and scam is very high. Therefor a risk to either likelihood of
the technology to be outdated in a very short time is very high. The following are among
the threat: Political effect, Market demand (New technology, service, ideas and IT
development), Suitable financial banking, Competitor intention and New regulations.

Hereunder is summarized SWOT analysis. Figure 4.1 illustrates.

U

Strengths of the project:

S1.The software can analyse
individual radionuclides.

S2. It can be wused in
different scenarios and at
location

S3. Safety of work and high
accuracy of analysed data

S4. Flexibility, short
processing time and limited

OPPORTUNITIES
Capabilities:

O1.Radiation levels can be
easily mapped

02.1t can be used as benchmark
for environmental studies

03.New technology to improve
user experience and increased
global influence

0O4. Its an Obsolete technology
by competitors.

WEAKNESS
Weaknesses of the project:

W1. The toolkit has too many
packages for code development

W2. Lack of necessary
knowledge.

W3. The toolkit needs much
space in order to be installed.
W4. Complexibility of
developing code using
EANT4 software packages

THREAT

T1. Getting wrong data due
to wrong approach of
software development.

T2. Competition.

T3. Lack of funding from
both the university and the
state.

T4. Technology
development

Figure 4.1 - SWOT ANALYSIS
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4.3.2 Interactive matrix of the project

It consists in revealing the correspondence of strengths, weaknesses, opportunity and

threat of the research project to form the internal and external environmental conditions.

This compliance or non-compliance should help to identify the extent to which strategic

changes are needed. Within this stage it is necessary to build an interactive matrix of the

project. Its use helps you to understand the various combinations of the relationships of

the areas of the SWOT matrix.

Table 4.2 - Interactive Matrix

Strengths of the project

Weakness of the Project

Project S1 |S2 |S3 |S4 (W1 (W2 (W3 [W4
Opportunities o l+ 1+ |+ [+ | R 0 A
02 |+ |+ [+ |+ } + |0 0
o3 (- |+ [+ |- F 0 0 -
o4 |- |- |- |- F - - -

S1 |S2 |S3 |S4 (W1 (W2 (W3 [W4
T1 |- |- (0 [0 [+ + 0 +
Project Threats| T2 [0 |- |0 (0 |0 0 0 +
3 |0 |0 [0 [0 [ - 0 0
T4 |+ |- |- |+ F - 0 -
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Tablel illustrates the Interactive matrix for proposed Strength-Opportunity, Strength

- Threat, Weakness - Opportunity and Weakness - Threat Strategies, which brings the

Internal and External factors.

Based on the results of the analysis of this matrix, it can be concluded that the

difficulties and problems that this research project may somehow encounter can be solved

through the strengths and opportunities available on this research.

Table 4.3 - Internal and external factors

Opportunities

(external, positive)

Threat

(external, negative)

Strength

(internal, positive)

Strength -  Opportunity
strategy:
Keep technology advanced

based on toolkit updates

Strength - Threats strategy:
The use of experts to easy
work

The use of obsolete Methods

of research orders.
Obsolete  technology by

competitors

Radiation monitoring | by competitors

scenarios can be easily

modelled
Weakness Weakness - Opportunity | Weakness - Threat strategy:
(Internal, Strategy: The lack of demand for
negative) Absence of a large number | technology due to its

unsustainable
competitiveness.
Stagnation of studies due to

lack of funding.

Readiness Assessment research project to commercialization (or the level of existing

knowledge from the developer) is defined by the formula:
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Bsum=) Bi (4.2)
where
96ss5 - the total number of points in each direction;
9) - point on the i-th indicator.
The evaluation concludes that the volume of investment in the ongoing development
and direction of further improvement of the level of competence of missing the developer
and the possibility of attracting the required specialists in the project team. The readiness

assessment of this project is 54 and 49 which is above average.

Table 4.4 - Evaluation of the project readiness for commercialization

No. | Criteria Degree of  the | Level of developers
elaboration in the | existing knowledge
research

1.I' | Scientific and technical potential is determined | 4 4

2. | Promising area of commercialization of |4 4

scientific and technological potential are
identified

3. | Industries and technologies (product and |3 3

services) to offer on the market are identified

4.1 | Product form of the scientific and technical basis | 4 3

for the presentation to the market is determined

5.!' | Author is identified, and protection of their | 5 3

rights is secured

6.! | Assessment of the value of Intellectual Property | 3 2

is done

7.0 | Marketing research of potential markets is |3 3

carried out

8.! | Business plan for commercialization of | 4 3
scientific development is developed

9.!' | The ways of promoting scientific development | 3 3
to the market are defined.

10.! | The strategy (form) the implementation of | 4 4
scientific development is developed

11.! | International cooperation potential and access to | 5 3

foreign markets are studied
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12.1| Use of infrastructure support services to receive | 3 4
benefits is studied

13.! | Funding issues commercialization of scientific | 2 3
development are worked out

14.! | Team for the commercialization of scientific | 3 3
development is formed

15.1 | Arrangements for the implementation of a | 4 4
research project are made
TOTAL POINTS 54 49

4.3.3 Commercialization of scientific and technologicalresearch

In the commercialization of scientific and technical developments, the seller (as is
usually the owner of the respective intellectual property rights), has a definite purpose,
which is largely dependent on where in the future it intends to send (used to invest)
resulting commercial effect. This can be for funds to continue their research and
development (funding, equipment, unique materials and other scientific and technical
developments, etc.), one-time receipt of funds for any purpose or for accumulation,
ensuring a constant flow of financial means, as well as various combinations thereof. The
best option of commercialization with this research is to establish a program of capacity
building amongst student on the use of GEANT4 Toolkit. This toolkit is free of charge
and therefore it only needs highly expertise personnel to develop the code and model the

research as required.

4.4Planning of scientific and technical project management

4.4.1 Organizational structure of the project

The organizational structure of the project is the most appropriate a temporary
organizational structure that includes all its participants and is created to successfully
achieve the project's objectives.
Development of the organizational structure of the project includes:

¥ 1dentification of all organizational units;
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¥ defining the roles of project participants and their interaction,

¥ definition of responsibility and authority;

¥ distribution of responsibility and authority between organizational units

¥ development of instructions regulating interactions in the structure and working

procedures.

Consultant Section

(Financial
Management
resources efficiency
and saving
Team of Performer
. L . (Engineers,
Project contract Scientific Advisor Students, Graduate .
Students Consultant Section
(Social
responsibilities)

Consultant Section
(Language
checking)

Figure 4.2 - Hierarchical Structure of Work

The organizational structure of the project is a dynamic structure, which is
undergoing changes in the project implementation process. These changes depend on the
phases of the life cycle of the project, the types used in project contracts, and other
conditions for the implementation of the project. The organizational structure of this

project is presented in Figure 4.2.

Project stakeholders and Participants include:

¥ Research Institute (Performer: Heads, Supervisors and Students)
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¥ Business company dealing with radiation monitoring and Nuclear fuel use activities

(Head of Company, Engineers and Consultants)

¥ Educational Institutions (Head, Engineers and Consultants)

4.4.2 Project work hierarchy

In the process of creating the hierarchical structure of the project in Figure 4.2 the
content of the entire project is structured and defined. The planning process group consists
of the processes performed to determine the overall content of the work, clarify the
objectives and develop the sequence of actions required to achieve these goals. Work
breakdown Structure (WBS) - detailing of the enlarged work structure: the division of the
entire volume of the planned work into small operations so that they correspond to the
level at which the way of performing the planned actions would be clear, and the
operations would be evaluated and planned. The matrix shows three different alternatives
of which the project can be performed using different workforce and different supervision

hierarchy in order to achieve the same goal.

Table 4.5 - Morphological matrix for research implementation alternatives

Characteristics Alternatives
1 2 3
Entity University | Research Institute | Business Company
Executives Supervisor | Head of institute Head of Company
Materials Free Bought Bought
Equipment Free Bought Rented
Software General Special Special
Software access | Free Free Free
Facilities Classroom | Lab Office
Facilities access | Free Bought Rented
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List of stages of work and distribution of executives and identification of possible

alternatives see Table 4.5, 4.6 and 4.7

Table 4.6 - Alternative #1: University

Main stages # of | Work Content Executive
work
Development | 1 Drafting a proposal of research | Supervisor
of  technical topic for approval
specifications
2 Review of literatures on the | Engineer
Selection  of research topic
Research 3 Conducting prefeasibility of | Engineer
direction research work and data
collection
4 Data Processing Engineer
Theoretical 5 Theoretical calculations and | Engineer & Supervisor
and validation
experimental | 6 Development and modeling of | Engineer
study the source code
7 Simulation the source code | Engineer
and establishment of results
8 Comparison of experimental | Engineer & Supervisor
results with theoretical results
9 Evaluation of results obtained | Engineer & Supervisor

and check for errors
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Synthesis and | 10 Adjust errors and identify gaps | Engineer & Supervisor
evaluation of for more research
results
Development | 11 Summarize the result Engineer
of  technical | 12 | Preparation of article Engineer
documentation
and design
13 Present the result Engineer/Supervisor/Panel

Table 4.7 - Alternative #2: Research Institute

Main stages # of | Work Content Executive
work
Development of | 1 Development of terms of | Head of department
technical reference for approval
specifications 2 Drafting and approval of | Head of department
technical specifications
3 Choice of direction of | Engineer
Selection of research and the way to solve
Research the problem
direction
4 Collection of data and study | Engineer
Theoretical and of scientific and technical
experimental literature
study 7 Development and modeling | IT
of the source code Specialist/Programmer
8 Simulation the source code | IT

and establishment of results

Specialist/Programmer
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9 Analysis and processing of | Engineer & IT
the results Specialist/Programmer
Synthesis  and | 10 Evaluation of results obtained | Engineer & Supervisor
evaluation of and check for errors
results
Conducting R & D
12 Development an explanatory | Engineer
Development of note to be presented to head of
technical department
documentation 13 Presentation of result 1 Head of department
and design 14 Present the result 2 Board Members

Table 4.8 - Alternative #3: Business Company

Main stages # of | Work Content Executive

work
Development of | 1 Development of terms of | Consultant/Head  of
technical reference for approval Company
specifications 2 Drafting and approval of | Consultant/Project

technical specifications Manager

Selection of 3 Choice of direction of | Head of Company &
Research research and the way to | Project Manager
direction solve the problem
Theoretical and | 4 Collection of data Consultant
experimental
study
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5 Simulation the source | Consultant
code and establishment of
results
6 Analysis and processing | Consultant & Project
of the results manager
Synthesis and | 7 Evaluation of results | Consultant & Project
evaluation of obtained and check for | manager
results eITors
Conducting R & D
8 Development of | Consultant
Development of explanatory note
technical 9 Review of the presented | Head of Company &
documentation report from the | Project Engineer
and design Consultant
10 Present the result 2 Consultant

From the above work order structure, the only difference on stages and distribution

of work are the people responsible of coordinating the work. Also, as per regard of

University, Students are responsible of undertaking all the responsibilities under a close

supervision of the Supervisor. In research institute and Business Company Engineers and

Project managers respectively are the one responsible for more than 50 % of the project

therefore high expertise is needed in order to perform a specific work.

4.4.3 Work Breakdown structure

Planning of works should be done in the following order:

¥ Defining work breakdown structure as part of scientific research;

¥ The definition of members of each work;
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¥ Establishment of the duration of the work;

¥ Plotting the calendar graph of the research.

To perform research formed a working group in which may include researchers and
teachers, engineers, technicians and laboratory assistants, the number of groups may vary.
For each type of planned works is set corresponding to the position of performers. This
section lists the steps and work within the framework of scientific research, to carry out
implementing distribution by type of work. The approximate order of drawing steps and
work distribution of the performers according to type of work is given in Table 4.9. The

summary has been made using Gantt Chart, see Figure 3 below.

Table 4.9 - Work distribution

Code | Name Number | Start and end | List of participants
of Days date
1.1 Selection of research topic | 6 9.01.2018 — | Head/Supervisor
16.01.2018
1.2 Choice  of  direction | 6 16.01.2018 — | Head
research and methods 24.01.2018
solving problems
2.1 Collection and study of | 15 24.01.2018 — | Head/Engineer/Student
scientific technical 14.02.2018
literature
2.2 Data  collection and | 20 15.02.2018 — | Engineer/Student
processing 21.03.2018
3.1 Simulation of collected | 16 22.03.2018 — | Engineer/Student
data 13.04.2018
3.2 Analysis and processing | 15 16.04.2018 Engineer/Student
the results obtained 08.05.2018
4.1 Efficiency mark the |5 10.05.2018 Head/Engineer/Supervisor
results obtained 16.05.2018
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4.2 Preparation of Article for 17.05.2018 Engineer/Student
presentation and 24.05.2018
submission

4.3 Presentation  of  the 25.05.2018 Head/Engineer/Supervisor
dissertation 26.05.2018

4.9 The budget of scientific andechnical research (STR)

When planning the scientific and technical research budget, a complete and reliable

reflection of all types of costs associated with its implementation should be considered. In

the process of forming the STR budget, the following cost groupings are used: Materials,

Expenses for workers and labour remuneration which are directly involved in R&D,

Deductions to off-budget funds, Work performed by third parties, Special equipment and

software purchase, Other direct costs and Overhead.

Number first to sixth costs relate to direct costs, the amount of direct costs, as the

rule should be determined by a direct bill, these are costs associated directly with the

performance of a particular STR, the remaining costs are calculated indirectly, these are

the costs of maintenance and update of software, general technical and general economic

services, they are combined as "Overhead."

Figure 4.3 - Work Breakdown Structure Gantt Chart
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Work | Type of works Executive Ty Duration of works
code days | Jan Feb March April May
2 3 |1 J2 [3 [1 [2 1 ]2 1 [2
1.1 Selection of research | Student/Superv | 6
topic isor %
1.2 Choice of direction | Supervisor 6 @
research and methods
solving problems
2.1 Collection and study of | Engineer/Stude | 15
scientific technical | nt _
literature
2.2 Data collection and | Engineer/Stude | 20
processing nt
3.1 Simulation of collected | Engineer/Stude | 16
data nt
32 Analysis and processing | Engineer/Stude | 15 @
the results obtained nt
Supervisor
4.1 Efficiency mark the | Head/Engineer/ | 5 AT,
results obtained Supervisor
4.2 Preparation of Article | Engineer/Stude | 5 %
for presentation and | nt
submission
4.3 Presentation of the | Head/Engineer/ | 2
dissertation Supervisor

] — Head (Supervisor)

. — Engineer (graduate student)
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4.5.1Calculation of material costs
The main costs in this research work are the costs of electricity. The results of

calculations for the costs of materials are given in Table 4.10.

Table 4.10 - Material Cost

Name Unit Quantity Price per unit., Costs of materials(\Wm) rub.
Rub.

Alt.1 | Alt.2 | Alt.3 | Alt.1 | Alt.2 | Alt.3 Alt.1 | Alt.2 Alt.3
Electricity | kW/hr | 210 | 210 | 210 | 2,1 2,1 2,1 441 441 441
Papers 200 | 500 |500 |1 1 1 200 500 500
Printing on 200 | 500 |500 |4 4 4 800 2000 2000
A4 sheet
Pen 5 24 24 100 | 80 80 500 1920 1920
Software - - - - - - - - -
Internet Month | 5 3 3 350 | 1000 | 1500 1750 | 3000 4500
Total for materials 3691 | 7861 9361
Transportation and procuring expenses (20 % of material cost) 738,2 (1572,2 (1872
Total 4429,2| 9433,2 | 11233,2

4.5.2 Calculation of payback of equipmentfor experimentalworks

This section includes all the costs associated with the acquisition of special
equipment necessary to carry out works on the topic of the dissertation. In this research
work, the special equipment necessary for carrying out is only a computer and software
for carrying out the modelling and analysis of the data which were previously taken from
TPU. Therefore, the cost of procuring a computer (HP) is 45 000 rubbles of which its
designated service life - 5 years. Expenses for depreciation of equipment is calculated
using the formula:

Caep=Ceq/ T (4.3)
Where
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Ceq = Equipment Cost

T = Life time

C aep=45 000/(5 * 365) = 24,7rub/day

The equipment was used for X days, so the equipment costs:
Alternative 1: C ¢q= 24,7 * 90 = 2223 rub

Alternative 2: C = 24,7 * 60 = 1482 rub

Alternative 3: C ¢q=24,7 *45=1111,5 rub

Table 4.11 Calculation of the budget cost for the purchase of special equipment

# | Name of | Number of units of unit price of The total cost of
equipment equipment equipment, ths. equipment, ths. Rub.
Rub.
Alt.1 | Alt.2 | Alt.3 | Alt.1 | Alt.2 | Alt.3 | Alt.1 | Alt.2 | Alt3
1. | Computer 1 - - 2223 | - - 2223 | 1482 | 1111,5
2.| Extension 1 1 - 2000 2000 - -
Cable
Total: 4223 | 1482 | 1111,5

The cost of STR was also included only cost electricity, lighting and space heating. The

cost of electricity is calculated by the formula:

Cetect=Tt* Ca * Eq (44)

Where: Celect = Tariff for Industrial Use (2,1 rub/kWh)

T¢ = Capacity of equipment

Et= Equipment usage time
At performance of work the stationary computer with average capacity 500 W (0.5 kW).
Assuming that all the work was done on it, then all the unit was spent:

Alternative 1: Energy =90 * 8* 0,5 = 360kWh
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Alternative 2: Energy = 60 * 8* 0,5 = 240kWh
Alternative 3: Energy =45 * 8* 0,5 = 180kWh
(90, 60 and 45 calendar days, eight-hour working day)
Alternative 1: Energy Cost =360 * 2,1 = 756rub
Alternative 2: Energy Cost =240 * 2,1 = 504rub
Alternative 3: Energy Cost = 180 * 2,1 = 378rub
The cost of heating, determined by the formula:

Cheat=(A*T *V) *C (4.10)

Where A = amount of heat per I m3 of room (12,570/?60'5 Gcal)
T = duration of the heating season

V = volume of the heated room (4 * 4 * 3 m?)

C = cost 1 Gcal of heat (1 021,07 rub)

This cost is taken into account in Alternative 1 only:

Cheat = 12,57%107 * 81* 48 * 1 021,07 = 499,02rub

The cost of lighting is calculated as follows:

4,
Clight = 15 % A% h * M * (4.6)

1000
A = Floor Area

H = Number of hours of artificial lighting per day (7hours)
W = Number of working days (120 days)
C = Cost of 1 kilojoule of electricity

Clighting= 15 * 7 * 16 * 120 * 2,1/ 1000 = 423,36 rub

Also the cost of lighting is taken into consideration in alternative 1 only

4.5.3 Salariesfor remuneration of STR executors
The section includes the basic wages of employees directly engaged in the

implementation of STR (including premiums) and additional salaries.
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Salary = Sp+ Sad 4.7)
where ;. — basic salary;
Ht - — additional salary
Basic salary can be calculated, based on hourly labor rates:
Sy, =S5, *8 (4.8)
where : 5 - basic salary of one employee per hour, rub/hour;

Hourly labor rate may vary depending on the type of executive in the research project

4.5.4 Additional salary

The additional salary costs of implementing takes into account the value provided by
the Labor Code of the Russian Federation surcharges for the deviation from normal
working conditions, as well as payments related to the provision of guarantees and
compensation (in the performance of state and public duties, when combined with
training, the provision of paid annual leave, etc.)

Calculation additional salary conducted according to the following formula:

Sad = Kaa * Sp (4.9)

where ?.- - factor of additional salary with this project will be 0.12 of the Basic

salary as summarized in Table 4.13

4.5.9 Contributions to socialfunds (insurance contributions)

In Russian Federation, employees pay insurance payments for state social insurance
fund (SIF), the Pension Fund (PF) and medical insurance fund (MIF). Employers on
behalf of the employees make these payments.

Contributions to these funds determined based on the following formula:

Sp= kpx(Sp+ Sqa) (4.10)
where ?g- coefficient for payments to funds (SIF, PF, MIF).
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In 2018 the size of insurance payments was set at the level of 30%. Yet for
institutions engaged in educational and scientific activity the reduced rate of 27.1% is

used. Allocations of budgetary funds recommended is in tabular form Table. 4.13

Table 4.12 - Calculation of basic salary

i Executives Work, Salaries per one person- Total salaries at the rate
person-days. days, ths. Rub. (salary), ths. Rub.
AltTAIL2 | Alt3 | Altl | Alt2 | Alt3 | Altl | Alt2 | Alt3

l Supervisor 15 - - 350 - - 31500
2 Research Director - 10 5 - 500 550 - 20000 | 11000
3 Engineer - 1030 | 45 - 300 300 - 72000 | 108000
41  Specialist/Consultant - 30 | 45 - 350 350 - 84000 | 126000
5 Student 90 - - 50 - - 36000

Total 67500 | 176000 | 245000

Working hours breakdown for the scientific work:
o Supervisor: 6 hours
o Research Director: 4hours
o Engineer: 8 hours

o Specialist:8 hours
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Table 4.13 - Contributions to social funds

_ Additional salary,
_ basic salary, rubles.

Executive rubles.

Alt.1 [ Alt.2 | Alt3 Alt.1 | Alt.2 Alt.3
Supervisor 31500 | - - 8505 |- -
Research Director - 20000 [ 11000 |- 2400 1320
Engineer - 72000 | 108000 | - 8640 12960
Specialist/Consultant - 84000 | 126000 | - 10080 | 15120
Student 36000 | - - 4320 |- -
Ratio of contributions to social

0,27 10,3 0,3 0,27 10,3 0,3
funds
Total amount of social fund payments
Alternative 1 21768,075
Alternative 2 59136
Alternative 3 78240

4.5.8 Overheads

To account for overhead costs, it is necessary to take into account the costs of
maintaining the management apparatus and general (universal) services, which are equally
applicable to all STRs that are performed. Overhead costs take into account other costs of
the organization that are not included in the previous expenditure items: printing and
photocopying research materials, payment for communication services, electricity, postal
and telegraph costs, reproduction of materials, etc.

Overhead Cost = k. * (Total Cost on above sections) (4.11)

Where: ka = Factor accounting for overhead. Overhead rate is taken as 16%.
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4.5.7 Budgetfor the costsof scientific and technical research(STR)
The calculated value of the costs of research work 1s the basis for the formation of

the project cost budget. The definition of the cost budget for a research project for each

option is shown in Table 4.14

Table 4.14 - Calculation of the cost budget of STR

Section Amount in rubbles

Alt.1 Alt.2 Alt.3
Material Cost 4 429 9433 11233
Equipment Costs 4223 1482 1111,5
Electricity Cost 756 504 378
Cost of heating 499 - -
Lighting cost 423 - -
Salaries 67 500 176 000 245 000
Costs for the additional salary of | 12 825 21 120 29 400
the performers of the topic
Deductions to off-budget funds 21768 59 136 78 240
Overheads 17 988 42 828 58 458,03
Total Cost 130411 310 503 423 381,55

4.6lEffectiveness and efficiencyf resources

Effectiveness is measured based on the calculation of the integral index of the
effectiveness of scientific research. It is done through weighted average of financial
efficiency and resource efficiency.

Integral component cost-effectiveness research obtained during budget cost
estimates three (or more) variants of scientific studies (see.Table 4.14). To do this, the

most integral indicator of the implementation of the technical problem is taken for the
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calculation base (the denominator), which relates to the financial value of all the
embodiments.

Integral financial efficiency indicator development is defined as:

ER = Y (4.12)
i TCmax

where
Agac— an integral index of financial efficiency;

GPg+ Total cost of the i-th alternative;

GHy< — the maximum total cost of research project (including analogs).

paltl _ 13041143
fin 42338155

310503,23
Ea_lt.Z — =07
fin 42338155

palt3 _ 42338155 _
fin 423 381,55

The resulting value of the integral financial indicator reflects the cost relationship of
each alternative to the most expensive one.

Integral resource-efficiency indicator of research alternatives can be determined as
follows:

Efes' =X a; *b; (4.13)

where : AS9® — an integral indicator resource for i-th embodiment of the
development;

44— weight factor of i-th research alternative;

My— a score of i-th the execution of development options is set by an expert in the
chosen scale of assessment;

N — number of parameters comparison.

Calculation of the integral indicator resource is recommended in tabular form Table 4.15.

Table 4.15 Comparative evaluation of characteristics of the project alternatives
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Criteria Weight | Score
Alt.1 | Alt.2 | Alt.3
1. Promotes growth user productivity 0.1 3 3 5
2. Ease of operation (corresponding to the requirements | 0.15 3 4 3
of consumers)
3. Interferences 0.15 3 4 4
4. Energy savings 0.20 2 4 5
5. Reliability 0.25 4 4 4
6. Material 0.15 4 4 5
TOTAL 1

AsPE] = (3 %0,1) + (3 *0,15) + (4 * 0,15) +( 4 * 0,2) +(4 * 0,25)+(4 * 0,15)=3,2
AsPE] = (3 %0,1) + (4 ¥0,15) + (4 * 0,15) +( 4 * 0,2) +(4 * 0,25)+(4 * 0,15)=3,9
AsPE] = (4 %0,1) + (2 ¥0,15) + (3 * 0,15) +( 3 * 0,2) +(4 * 0,25)+(4 * 0,15)=4,3

Integral total efficiency indicator of alternatives is determined based on the integral

resource and financial efficiency by formula:

A<D 4 AL (4.14)

EOE</ 1<DB
@BC

ASSE $+: 10,6

ABEH oot 5.5

Vi
ABEH 4.3

Comparative project efficiency indicator. A comparison of the integral index of the

effectiveness of project alternatives will determine the comparative project efficiency

(Table 4.16)
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Comparative project efficiency indicator is calculated as follows:

alt.i
Ealt'i _ Etotal (4'14)
comp = pmin

total

EZtl = 10,6/3,2 =3,3
EdtZ = 55/32 =17
EYt2Z = 43/3,2 =1

Table 4.16 - Comparative development efficiency

No Alt.
Indicators Alt.1 | Alt.2

p/p 3

1 Integral financial efficiency indicator DB 10,3 0,7 1

2 Integral resource-efficiency indicator AsOB |32 3,9 |43

3 Integral total efficiency indicator ASBE 4106 |55 |43

4 Comparative project efficiency indicator 3B14,93 | 1,6 1,3

Comparison of the values of integral performance enables to understand and select
most effective alternative for solution of the technical problem in the research taking into
account financial and resource efficiency. Therefore, Alternative one is proved to be more

efficient compared to the other two alternatives.
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Chapter Five

5.ISocial Responsibility

In modern conditions, one of the main directions of radical improvement of all
preventive work to reduce occupational traumatism and occupational morbidity is the
widespread introduction of an integrated OSH management system, that is, by combining
disparate activities into a single system of targeted actions at all levels and stages of the
production process.

Occupational safety is a system of legislative, socio-economic, organizational,
technological, hygienic and therapeutic and preventive measures and tools that ensure the
safety, preservation of health and human performance in the work process (The labor
Code of Russia, 2001). On the basis of the requirements established by the Labor Code of
the Russian Federation, concrete measures are necessary to create healthy and safe
working conditions, to prevent accidents and occupational diseases, which are regulated
by special Rules and Norms.

The rules for occupational safety and health are introduced in order to prevent
accidents, ensure safe working conditions for workers and are binding for workers,
managers, engineers and technicians. A dangerous production factor, according to (GOST
12.1.038-82 SSBT) is a manufacturing factor whose effect under certain conditions leads
to trauma or other sudden, severe deterioration of health. A harmful production factor is
a manufacturing factor whose impact on the worker, under certain conditions, leads to

illness or disability.

5.1'Analysis of hazardous and harmful production factors

Graduation master's work was performed in a room, the production conditions of
which are characterized by the presence of dangerous and harmful factors, given in Table
5.1.

Table 5.1 - Hazardous and harmful factors of the production process
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Name of work FACTORS GOST Regulations
types and | 12.0.003-74 SSBT
parameters of the Harmful Dangerous
production process

Work  with - Electricity GOST 12.1.038-82
PEVM, PF FTI SSBT. electrical safety
cafeteria

The SanPiN 2.2.2 /
impact of 2.4.1340- 03 Sanitary and
radiation epidemiological rules and
(HF, UHF, regulations. "Hygienic
SHF, etc.) - requirements for PC and

organization of work"

- Fire safety PPB 01-03. Fire safety

rules in the Russian
Federation
Increased Radiation Safety Standards
level of (NRB-99/2009). SP 2.6.1.
ionizing 2523-009.
radiation in
the work
area

Hazardous and harmful production factors are classified according to the groups of
elements such as Physical, temperature and humidity of air, noise, static electricity, low
purity electromagnetic field, Illumination, the presence of ionizing radiation and
psychophysiological.

Psychophysiological dangerous and harmful production factors are divided into:
physical overload (static, dynamic) and neuropsychic overload (mental overstrain,

monotony of labor, emotional overload).
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5.2Justification of Safe work with PC

5.2.1 Organizational arrangements

All personnel are required to know and strictly observe the safety rules. Training of
personnel in occupational safety and industrial sanitation consists of an introductory
briefing and instruction in the workplace by the responsible person. The knowledge of the
safety rules is checked by the qualification commission after training at the workplace.
The audited person is assigned a qualification group for safety precautions, corresponding
to his knowledge and experience of work and issued a special certificate. Persons serving
electrical installations must not have injuries and illnesses that interfere with production

work. The state of health is established by medical examination.

5.2.2 Technical Activities
The rational layout of the workplace provides for a clear order and permanent
placement of items, means of labor and documentation. In order to perform the work more

often should be located in the easy reach of the workspace, as shown in Figure 5.1.
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Figure 5.1 - The rational layout of the workplace
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Areas of reach of hands in the horizontal plane:
A - zone of maximum reach of hands,
B - reach zone of fingers at elongated hand,
C - easy reach zone of the palm,
D- optimal space for rough manual work,

E - optimal space for fine handwork

Optimal placement of objects of labor and documentation in the reach of hands:
¥ The display is located in zone A (in the center);
¥ keyboard - in the area of the D or E;
¥ the system unit is located in zone B (on the left);
¥ The printer is in zone A (right);
¥ The documentation is located in the easy reach of the palm - in (left): literature and
documentation required for work; in the drawers of the table, literature that is not

used constantly.

When designing a desk, the following requirements should be taken into account:

¥ The height of the working surface of the table is recommended between 680 and 800
mm. The height of the working surface, on which the keyboard is installed, should be
650 mm. The working table must be at least 700 mm wide and at least 1400 mm long.
There should be a legroom of at least 600 mm in height, a width of at least 500 mm, a
depth at the knee level of at least 450 mm and at the level of elongated legs not less
than 650 mm.

¥ The work chair must be liftable and adjustable in height and angle of inclination of the
seat and backrest, as well as the distance of the backrest to the front edge of the seat. It
1s recommended that the height of the seat be above the floor level of 420 to 550 mm.
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The design of the working chair should ensure: the width and depth of the seat surface
is not less than 400 mm; seat surface with recessed front edge.

¥ The monitor should be located at the eye level of the operator at a distance of 500 - 600
mm. According to the norms, the viewing angle in the horizontal plane should not be
more than 45 o to the normal of the screen. It is better if the viewing angle is 30 °. In
addition, it should be possible to select the level of contrast and brightness of the image
on the screen.

It should be possible to adjust the screen:

I''in height + 3 cm;

I'l'in slope from 10 to 20 degrees with respect to the vertical;

I'l'in the left and right directions.

¥ The keyboard should be placed on the surface of the table at a distance of 100 - 300
mm from the edge. The normal position of the keyboard is its placement at the elbow
level of the operator with an angle of inclination to the horizontal plane of 15 °. It is
more convenient to work with keys that have a concave surface, a quadrangular shape
with rounded corners. Design keys should provide the operator with a click sensation.
The color of the keys should contrast with the color of the panel.

¥ With monotonous mental work, which requires considerable nervous tension and great
concentration, it is recommended to choose soft, low-contrast floral hues that do not
dispel attention (low-saturated shades of cold green or blue colors). At work, which
requires intense mental or physical tension, shades of warm tones are recommended

that arouse human activity.

5.2.3 Safe working conditions
The main parameters characterizing the working conditions: microclimate, noise,
vibration, electromagnetic field, radiation, illumination. The air of the working area

(microclimate) of the production premises determines the following parameters:
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temperature, relative humidity, air speed. The optimum and permissible values of the
microclimate characteristics are established in accordance with (PPB 01-03) and are given

in Table 5.2.

Table 5 2 - Optimal and permissible parameters of the microclimate

Period of the Temperature, °© C | Relative humidity, % Speed of air
year movement, m/ s
Optimal | Admissible | Optimal | Admissible | Optimal | Admissible
Cold and 22-24 20-25 40-60 15-75 0,1 0-0,2
transitional
Warm 23-25 21-28 40-60 15-75 0,1 0-0,3

The following volumes of outdoor air should be fed into the room: at room volume
up to 20 m® per person - at least 30 m? per hour per person; When the room volume is
more than 40 m’® per person and there is no emission of harmful substances, natural
ventilation is allowed.

The microclimate parameters in the laboratory are regulated by the central heating
system and have the following values: humidity 40%, air speed 0.1 m/s, summer
temperature 20-25 ° C, in winter from minus 13 to minus 15 © C. Natural ventilation is
provided in the laboratory.

When working on a PC, the noise level in the workplace should not exceed 50 dB. The
screen and system blocks produce electromagnetic radiation. Its main part comes from the
system unit and the video cable. According to (GOST R12.1.004-85 SSBT) the intensity
of the electromagnetic field at a distance of 50 cm around the screen along the electrical
component should be no more than:

¥ 1in the frequency range 5 Hz - 2 kHz: 25 V / m;

¥ In the frequency range 2 kHz - 400 kHz: 2.5 V / m.
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The density of magnetic flux should be no more than:
¥ In the frequency range 5 Hz - 2 kHz: 250 nT;
¥ In the frequency range 2 kHz - 400 kHz: 25 nT.

There are the following ways to protect against EMF:

¥ Increase the distance from the source (the screen should be on the distance not less

than 50 cm from the user);

¥ application of screen filters, special screens and other means of individual

protection.

When working with a computer source of ionizing radiation is the display. Under the
influence of ionizing radiation in the body, there may be a violation of normal blood
coagulability, an increase in the fragility of blood vessels, a decrease in immunity, etc.
The dose of irradiation at a distance to the display of 20 cm is 50 uP / h. According to the
norms (GOST R12.1.004-85 SSBT), the design of the computer should provide the power
of the exposure dose X-ray radiation at any point at a distance of 0.05m from the screen
no more than 100 mcR / h. Fatigue of the organs of vision can be associated with both
insufficient illumination and excessive illumination, as well as with the wrong direction

of light.

5.3Radiation safety

Ionizing radiation is radiation that could ionize molecules and atoms. This effect is
widely used in energetics and industry. However, there is health hazard. In living tissue,
this radiation could damage cells that result in two types of effects. Deterministic effects
(harmful tissue reactions) due to exposure with high doses and stochastic effects due to
DNA destruction and mutations (for example, induction of cancer).

To provide radiation safety with using sources of ionizing radiation one must use

next principles:
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I'l keep individual radiation doses from all radiation sources not higher than
permissible exposure;

I'l' forbid all activity with using radiation sources if profit is low than risk of possible
hazard;

I'l keep individual radiation doses from all radiation sources as low as possible.

There are two groups of people related to work with radiation: personnel, who works

with ionizing radiation, and population.

Quantity Dose limits
personnel population
Effective dose 20 mSv per year in|1 mSv per year in

average during 5 years, | average during 5 years,

but not higher than 50 | but not higher than 5

mSv per year mSv per year
Equivalent dose per | 150 mSv 15 mSv
year in eye’s lens
skin 500 mSv 50 mSv
Hands and feet 500 mSv 50 mSv

Effective dose for personnel must not exceed 1000 mSv for 50 years of working
activity, and for population must not exceed 70 mSv for 70 years of life. In addition, for
women from personnel of age below 45 years there is limit of 1 mSv per month of
equivalent dose on lower abdomen. During gestation and breast feeding women must not
work with radiation sources.

For students older than 16, who uses radiation sources in study process or who is in
rooms with increased level of ionizing radiation, dose limits are quarter part of dose limits

of personnel.
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In case of radiation accident, responsible personnel must take all measures to restore
control of radiation sources and reduce to minimum radiation doses, number of irradiated
persons, radioactive pollution of the environment, economic and social losses caused with
radioactive pollution.

Radiation control id a main part of radiation safety and radiation protection. It is
aimed at not exceeding the established basic dose limits and permissible levels of
radiation, obtaining the necessary information to optimize protection and making
decisions about interference in the case of radiation accidents, contamination of the
environment and buildings with radionuclides.

The radiation control is control of:
I'l Radiation characteristics of radiation sources, pollution in air, liquid and solid
wastes.
I'l Radiation factors developed with technological processes in working places and
environment.
I'l Radiation factors of contaminated environment.
I'l Irradiation dose levels of personnel and population.
The main controlled parameters are:
I'l Annual effective and equivalent doses
I'l intake and body content of radionuclides
I'l volume or specific activity of radionuclides in air, water, food products, building
materials and etc.
I'l radioactive contamination of skin, clothes, footwear, working places and etc.
I'l dose and power of external irradiation.
I'l particles and photons flux density.
Radiation protection office establish control levels of all controlled parameters in
according to not exceed dose limits and keep dose levels as low as possible. In case of
exceeding control levels radiation protection officers start investigation of exceed causes

and take actions to eliminate this exceeding.
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During planning and implementation of radiation safety precautions, taking any actions
about radiation safety and analysis of effectiveness of mentioned action and precautions
one must value radiation safety with next factors:
I'l characteristics of radioactive contamination of the environment;
I'l probability of radiation accidents and scale of accidents;
I'l degree of readiness to effective elimination of radiation accidents and its
aftermathches;
I'l' number of persons irradiated with doses higher than controlled limits of doses;
I'l analysis of actions for providing radiation safety, meeting requirements, rules,
standards of radiation safety;
I'l analysis of irradiation doses obtained by groups of population from all ionizing

radiation sources.

5.4 Electrical safety
Electrical safety - a system of organizational and technical measures and means to
protect people from harmful and dangerous effects of electric current, electric arc,
electromagnetic field and static electricity.
The influence of electric current on the human body has a multifaceted nature and can
lead to both an easy and a difficult outcome. Passing through the human body, the electric
current exerts a thermal and biological action:
¥ heating of tissues up to burns;
¥ decomposition of blood and plasma a violation of the physicochemical
composition;
¥ Excitation of body tissues (convulsions).
The degree of danger and the outcome of an electric shock depend on a number of reasons.
The main ones are: the amount of current passing through the body; current path; the

duration of the current; frequency of a current and resistance of the person at the moment
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of contact with live parts which, in turn, depend on a condition of an environment
(temperature, humidity of air, etc.).

When performing the qualification work, the studies were carried out on devices
operating on the 220 V mains voltage, risk of electric shock. Working with these devices,
it is necessary to follow the safety rules for the operation of electrical installations with
voltages up to 1000 V.

Depending on the conditions in the room, the risk of electric shock to a person
increases or decreases. Do not work with computers and other electrical installations in
conditions of high humidity (relative air humidity exceeds 75% for a long time), high
temperature (more than 35 ° C), the presence of conductive dust, conductive floors and
the possibility of simultaneous contact with earth-connected metal elements and metal the
body of electrical equipment. The computer operator works with electrical appliances: a
computer (display, system unit, etc.) and peripheral devices.

There is a risk of electric shock in the following cases:
¥ with direct contact with current-carrying parts during repair;
¥ when touching non-live parts that are under stress (in case of violation of insulation
of current-carrying parts);
¥ In contact with the floor, walls that are under stress;
¥ In case of short-circuiting in high-voltage units: power supply and display unit.
Measures to ensure the electrical safety of electrical installations:
¥ switching off the voltage from live parts, on which or near to which work will be
carried out, and taking measures to ensure the impossibility of applying voltage to
the workplace;

¥ posting of posters indicating the place of work;

K

Grounding of the enclosures of all installations through a neutral wire;

¥ coating of metal surfaces of tools with reliable insulation;
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¥ 1naccessibility of current-carrying parts of equipment (conclusion in body electro-

impacting elements, enclosing live parts).

5.9Fire safety
According to (Yakovleva VS ,2011) depending on the characteristics of the
substances used in the production and their quantity, for fire and explosion hazard, the
premises are divided into categories A, B, C, D, D. Since the room by the degree of fire
and explosion hazard belongs to category B, i.e to premises with solid combustible
substances, it is necessary to provide for a number of preventive measures.
Possible causes of fire:
¥ malfunction of live parts of installations;
work with open electrical equipment;
short circuits in the power supply;

non-compliance with fire safety rules;

presence of combustible components: documents, doors, tables, insulation cables
and the like.

Activities on fire prevention are divided into:
Organizational, technical, operational and regime. Organizational measures provide for
proper operation of equipment, proper maintenance of buildings and territories, fire-
brigade training of workers and employees, training of production personnel in fire safety

rules, the publication of instructions, posters, the existence of an evacuation plan.

Technical measures include: compliance with fire equipment, heating, ventilation,
lighting, proper placement of equipment.

The regime measures include: setting the rules for the organization of work and adherence
to fire prevention measures. To prevent the occurrence of fire from short circuits,

overloads, etc., the following fire safety rules must be observed:
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¥
¥

Elimination of the formation of a flammable environment (sealing equipment,
control of the air, working and emergency ventilation);

Application in the construction and finishing of buildings of non-combustible or
difficultly combustible materials;

Proper operation of the equipment (proper inclusion of the equipment in the
electrical supply network, control of heating equipment);

Correct maintenance of buildings and territories (excluding the formation of a
source of ignition - prevention of spontaneous combustion of substances, restriction

of fireworks);

Training of production personnel in fire safety rules;

The publication of instructions, posters, the existence of an evacuation plan;
Compliance with fire regulations, norms in the design buildings, with the

installation of electrical wires and equipment, heating, ventilation, lighting;
Correct placement of equipment;

Timely preventive inspection, repair and testing equipment.

In the event of an emergency, it is necessary: either the management (duty officer) has

to be informed, appropriate emergency service has to be called or EMERCOM, or

measurement to eliminate the accident in accordance with the instruction has to be made.!

On the basis of the requirements established by the Labour Code of the Russian Federation,

concrete measures are necessary to create healthy and safe working conditions, to prevent

accidents and occupational diseases, which are regulated by special Rules and Norms.
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Conclusion

According to the objectives/tasks of this dissertation the following objective have
been achieved;

Development of code has been done and the simulation results was done and both
experimental result and Geant4 have a good agreement.

The dependence of dose and flux density of y-radiation at the height above the ground
is described by the exponential law, unlike the B-radiation where this relation can be
represented as a sum of two exponential functions.

The contributions of different soil radionuclides have been calculated and noted that:
Each radionuclide has different contribution with an increase in height from the soil
surface, Uranium 238 contribute about half of the total gamma background up to 200m
height for dose rate and any height for flux density.

Thorium 232 and Potassium 40 have the same behavior and their contribution
increase with an increase of height. Potassium 40 is the most contributor to beta radiation
background up to Sm height (40 — 50%). Uranium 238 and Thorium 232 have the same
contribution at a height of about 2 m but their behavior is inversed to each other.The
Approximated relationship for vertical distribution at different levels of the absorbed
doses and the flux densities of y- and B-radiation in surface atmosphere for 238U, U%*,
Th?32, K* and Cs'"’ radionuclides with activity unit were obtained.

The features of each radionuclide the soil radionuclides influence differently on the
dose and the flux density of y-radiation, but similarly on the dose and the flux density of
B-radiation. This is due to their difference spectral characteristics of radionuclides.
Specifically, the energy spectrum of y-radiation is discrete, and $-radiation is continuous

The gap of this research is only that, the simulation was done by neglecting the effect
of cosmic ray in the environment, therefore further studies have to be done in order to

eliminate this gap.
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APPENDIX A

A.1 - Photopeak at depth 0 - 20 cm
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A.2 - Photopeak at depth 30 - 40 cm
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