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ABSTRACT
Radiation protection is the science of protecting people and the environment from the harmful
effects of ionizing radiation, which includes both particle radiation and high energy radiation.
Ionizing radiation is widely used in industry and medicine. Any human activity of nuclear
technologies should be linked to the foundations of scientific methodology and baseline of
radiation culture to avoid risk of radiation and should be working with radioactive materials and
expertise to understand, control practices in order to avoid risks that could cause harm to human
and environment.
This study was conducted in warehouses and buildings of Sudan air force Khartoum basic air
force during September 2010. The goal of this study to estimate the radiation dose and
measurement of radioactive contamination of aircraft scrap equipments and increase the culture
of radiological safety as well as the concept of radiation protection. The results showed that there
is no pollution observed in the contents of the aircraft scrap and the spire part stores outside,
levels of radiation dose for the all contents of the aircraft and spire part within the excitable level,
except temperature sensors estimated radiation dose about 34 µSv/h outside of the shielding and
12 µSv/h inside the shielding that exceeded the internationally recommended dose level.
One of the most important of the identification of eighteen (18) radiation sources used in
temperature and fuel level sensors. These are separated from the scrap, collected and stored in
safe place.

الخالصة

الحوبٌت هي اإلشؼبع ُْ ػلن ٌِخن بحوبٌت اإلًظبى ّالبٍئت هي اَثبر الضبرة لإلشؼبع الوؤبي،
ٌشول كال هي اإلشؼبع ّالدظٍوبث ػبلٍت الغبقبث اإلشؼبػٍتٌ .ظخخذم اإلشؼبع الوؤبي ػلى
ًغبق ّاطغ فً الصٌبػت ّالغب.
إي ًشبط بشزي للخقبًبث الٌٌّْت ٌدب إى ٌكْى هزحبظ بأطض ػلوٍت ّهٌِدٍت ّثقبفت إشؼبػٍت
هؤطظت حٌظن ػولَ حخى ًخدٌب هخبعزٍ لذا ٌظخْخب الؼول ببلوْاد الوشؼت فِن ّدراٌت ،
ححكن هوبرطبحَ لخفبدي حذّد هخبعز ٌوكي إى حظبب ضزر ػل اإلًظبى ّالبٍئت
أخزٌج ُذٍ الذراطت فً هظخْدػبث ّ هببًً القبػذة الدٌْت الخزعْم فً طبخوبز 0202م
الِذف هي ُذٍ الذراطت ُْ حقذٌز الوظخٌْبث اإلشؼبػٍت ّقٍبص الخلْد اإلشؼبػً فً عبئزاث
خزدة ّ رفغ هظخْي الثقبفت ّالظالهت اإلشؼبػٍت ّهفِْم الْقبٌت هي اإلشؼبع
أظِزث الٌخبئح بأًَ لٍض ٌُبك حلْد هالحظ فً هحخٌْبث الغبئزاث الخزدة ّاالطبٍزاث الوْخْدة
خبرج ّداخل الوخبسى ،الوظخٌْبث اإلشؼبػٍت لدوٍغ هحخٌْبث الغبئزاث ّاالطبٍزاث فً حذّد
الوظخْي الغبٍؼً ،هبػذا أخِشة حظبطبث الحزارة حقذر الدزػت اإلشؼبػٍت بحْالً  43هبٌكزّ
طفزث فً الظبػت خبرج إعبر الخذرٌغ ّ  00هبٌكزّ طفزث فً الظبػت داخل إعبر الخذرٌغ ُّذٍ
حشٌذ هي الوظخْي الؼبلوً الوْصً بَ.
حن ححذٌذ ػذد  01هصذر هشغ ٌظخخذم فً حظبطبث الحزارة ّ حظبص لقٍبص هظخْي الْقْد
حن ػشلِب ّحدوٍؼِب ّهي ثن حخشٌٌِب فً هكبى اهي.
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CHAPTER ONE
INTRODUCTION
Modern industry uses radioisotopes in a variety of ways to improve productivity and, in
some cases, to gain information that cannot be obtained in any other way. As examples
sealed radioactive sources are used in industrial radiography, gauging applications and
mineral analysis. Short-lived radioactive material is used in flow tracing and mixing
measurements. Gamma sterilization is used for medical supplies, some bulk commodities
and, increasingly, for food preservation. Nuclear techniques are increasingly used in
industry and environmental management. The continuous analysis and rapid response of
nuclear techniques, many involve radioisotopes, mean that reliable flow and analytic data
can be constantly available. This results in reduced costs with increased product quality.
The peaceful applications of radiation is extended to include controls in airplane and
heavy machines using sensors and alike.
The rise in such applications will generate radioactive waste depending on the use. If not
identified the radioactive source may find their way to the scrap and may be recycle and
appear as new products.
The aim of the present study is to carry out survey searching in the scrap generated by
airplane and heavy machines used by army in Sudan.

Study Objectives
1. Estimate the radiation dose and measurement of radioactive contamination in
aircraft scrap equipment.
2. Assessment

of

pollution

in

the

contents

of

the

aircraft

scrap

radiation treatments of radioactive materials in the structure of the aircraft scrap
3. Expand the concept of culture and the culture of radiological safety on the
concept of radiation protection
4. Develop a database of existing radioactive materials within the components of the
aircraft structure
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CHAPTER TWO
LITERATURE REVIEW
Part I
2.1. Application of radioisotope
radioisotope widely used in medicine, industry and scientific research, and new
applications for their use are constantly being developed. In many cases, radioisotopes
have no substitute and in most of their applications they are more effective and cheaper
than alternative techniques or processes. Nuclear techniques are increasingly used in
industry and environmental management. The continuous analysis and rapid response of
nuclear techniques, many involving radioisotopes, mean that reliable flow and analytic
data can be constantly available. This results in reduced costs with increased product
quality (2).

2.2. Neutron Techniques for Analysis
Neutrons can interact with atoms in a sample causing the emission of gamma rays which,
when analyzed for characteristic energies and intensity, will identify the types and
quantities of elements present. The two main techniques are Thermal Neutron Capture
(TNC) and Neutron Inelastic Scattering (NIS). TNC occurs immediately after a lowenergy neutron is absorbed by a nucleus, NIS takes place instantly when a fast neutron
collides with a nucleus (9).
Most commercial analyzers use californium-252 neutron sources together with sodium
iodide detectors and are mainly sensitive to TNC reactions. Other use Am-Be-241
sources and bismuth germinate detectors, which register both TNC and NIS. NIS
reactions are particularly useful for elements such as C, O, Al and Si which have a low
neutron capture cross section. Such equipment is used for a variety of on-line and on-belt
analysis in the cement, 1-2mineral and coal industries.

4

A particular application of NIS is where a probe containing a neutron source can be
lowered into a bore hole where the radiation is scattered by collisions with surrounding
soil. Since hydrogen (the major component of water) is by far the best scattering atom,
the number of neutrons returning to a detector in the probe is a function of the density of
the water in the soil.
To measure soil density and water content, a portable device with an americium-241beryllium combination generates gamma rays and neutrons which pass through a sample
of soil to a detector. (The neutrons arise from alpha particles interacting with Be-9.) A
more sophisticated application of this is in borehole logging (4).

2.3. Gamma and X-ray Techniques in Analysis
Gamma ray transmission or scattering can be used to determine the ash content of coal on
line on a conveyor belt. The gamma ray interactions are atomic number dependant, and
the ash is higher in atomic number than the coal combustible matter. Also the energy
spectrum of gamma rays which have been inelastically scattered from the coal can be
measured (Compton Profile Analysis) to indicate the ash content.
X-rays from a radioactive element can induce fluorescent x-rays from other nonradioactive materials. The energies of the fluorescent x-rays emitted can identify the
elements present in the material, and their intensity can indicate the quantity of each
element present.
This technique is used to determine element concentrations in process streams of mineral
concentrators. Probes containing radioisotopes and a detector are immersed directly into
slurry streams. Signals from the probe are processed to give the concentration of the
elements being monitored, and can give a measure of the slurry density. Elements
detected this way include iron, nickel, copper, zinc, tin and lead.
X-ray Diffraction (XRD) is a further technique for on-line analysis but does not use
radioisotopes (8).
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2.4. Gamma Radiography
Gamma Radiography works in much the same way as x-rays screen luggage at airports.
Instead of the bulky machine needed to produce x-rays, all that is needed to produce
effective gamma rays is a small pellet of radioactive material in a sealed titanium capsule.
The capsule is placed on one side of the object being screened, and some photographic
film is placed on the other side. The gamma rays, like x-rays, pass through the object and
create an image on the film. Just as x-rays show a break in a bone, gamma rays show
flaws in metal castings or welded joints. The technique allows critical components to be
inspected for internal defects without damage.
Gamma sources are normally more portable than x-ray equipment so have a clear
advantage in certain applications, such as in remote areas. Also while x-ray sources emit
a broad band of radiation, gamma sources emit at most a few discrete wavelengths.
Gamma sources may also be much higher energy than all but the most expensive x-ray
equipment, and hence have an advantage for much radiography. Where a weld has been
made in an oil or gas pipeline, special film is taped over the weld around the outside of
the pipe. A machine called a "pipe crawler" carries a shielded radioactive source down
the inside of the pipe to the position of the weld. There, the radioactive source is remotely
exposed and a radiographic image of the weld is produced on the film. This film is later
developed and examined for signs of flaws in the weld.
X-ray sets can be used when electric power is available and the object to be x-rayed can
be taken to the x-ray source and radiographed. Radioisotopes have the supreme
advantage in that they can be taken to the site when an examination is required - and no
power is needed. However, they cannot be simply turned off, and so must be properly
shielded both when in use and at other times.
Non-destructive testing is an extension of gamma radiography, used on a variety of
products and materials. For instance, ytterbium-169 tests steel up to 15 mm thick and
light alloys to 45 mm, while iridium-192 is used on steel 12 to 60 mm thick and light
alloys to 190 mm.
6

2.5 Gauging
The radiation that comes from a radioisotope has its intensity reduced by matter between
the radioactive source and a detector. Detectors are used to measure this reduction. This
principle can be used to gauge the presence or the absence, or even to measure the
quantity or density, of material between the source and the detector. The advantage in
using this form of gauging or measurement is that there is no contact with the material
being 1.6gauged.
Many process industries utilize fixed gauges to monitor and control the flow of materials
in pipes, distillation columns, etc, usually with gamma rays.
The height of the coal in a hopper can be determined by placing high energy gamma
sources at various heights along one side with focusing collimators directing beams
across the load. Detectors placed opposite the sources register the breaking of the beam
and hence the level of coal in the hopper. Such level gauges are among the most common
industrial uses of radioisotopes.
Some machines which manufacture plastic film use radioisotope gauging with beta
particles to measure the thickness of the plastic film. The film runs at high speed between
a radioactive source and a detector. The detector signal strength is used to control the
plastic film thickness.
In paper manufacturing, beta gauges are used to monitor the thickness of the paper at
speeds of up to 400 m/s.
When the intensity of radiation from a radioisotope is being reduced by matter in the
beam, some radiation is scattered back towards the radiation source. The amount of
'backscattered' radiation is related to the amount of material in the beam, and this can be
used to measure characteristics of the material. This principle is used to measure different
types of coating thicknesses.

7

2.7. Gamma Sterilization
Gamma irradiation is widely used for sterilizing medical products, for other products
such as wool, and for food. Cobalt-60 is the main isotope used, since it is an energetic
gamma emitter. It is produced in nuclear reactors, sometimes as a by-product of power
generation.
Large-scale irradiation facilities for gamma sterilization are used for disposable medical
supplies such as syringes, gloves, clothing and instruments, many of which would be
damaged by heat sterilization. Such facilities also process bulk products such as raw wool
for export from Australia, archival documents and even wood, to kill parasites. Currently
ANSTO in Australia sterilizes up to 25 million Queensland fruit fly pupae per week for
NSW (17).

2.8. Agriculture
Smaller gamma irradiators are used for treating blood for transfusions and for other
medical applications.
Food preservation is an increasingly important application, and has been used since the
1960s. In 1997 the irradiation of red meat was approved in USA. Some 41 countries have
approved irradiation of more than 220 different foods, to extend shelf life and to reduce
the risk of food-borne diseases.

2.9. Scientific Uses
Radioisotopes are used as tracers in many research areas. Most physical, chemical and
biological systems treat radioactive and non-radioactive forms of an element in exactly
the same way, so a system can be investigated with the assurance that the method used
for investigation does not itself affect the system. An extensive range of organic
chemicals can be produced with a particular atom or atoms in their structure replaced
with an appropriate radioactive equivalent.

8

Using tracing techniques, research is conducted with various radioisotopes which occur
broadly in the environment, to examine the impact of human activities. The age of water
obtained from underground bores can be estimated from the level of naturally occurring
radioisotopes in the water. This information can indicate if groundwater is being used
faster than the rate of replenishment. Trace levels of radioactive fallout from nuclear
weapons testing in the 1950s and 60s is now being used to measure soil movement and
degradation. This is assuming greater importance in environmental studies of the impact
of agriculture.
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PART II
RADIOACTIVE WASTE
Radioactive waste is the waste product contains radioactive material. It is usually the
product of a nuclear process such as nuclear fission, though industries not directly
connected to the nuclear power industry may also produce radioactive waste.
Radioactivity diminishes over time, so in principle the waste needs to be isolated for a
period of time until it no longer poses a hazard. This can be hours to years for some
common medical or industrial radioactive wastes, or thousands of years for high-level
wastes from nuclear power plants and nuclear weapons reprocessing.
The majority of radioactive waste is "low-level waste", meaning it has low levels of
radioactivity per mass or volume.
The main approaches to managing radioactive waste to date have been segregation and
storage for short-lived wastes, near-surface disposal for low and some intermediate level
wastes, and deep burial or transmutation for the long-lived, high-level wastes.
A summary of the amounts of radioactive wastes and management approaches for most
developed countries were presented and reviewed periodically as part of the IAEA Joint
Convention on Safety of Spent Fuel Management and the Safety of Radioactive Waste
Management (10).

2.10 Sources of radioactive waste
Radioactive waste comes from a number of sources. The majority of waste originates
from the nuclear fuel cycle and nuclear weapons reprocessing. However, other sources
include medical and industrial wastes, as well as naturally occurring radioactive materials
(NORM) that can be concentrated as a result of the processing or consumption of coal, oil
and gas, and some minerals

(11)

. Some of the wastes are generated in heavy machines

such as tanks, airplanes and many industrial applications.

2.11 Classification of Radioactive Wastes
In order to manage nuclear wastes, it is useful to classify or group them into categories
based on the properties of the waste, which can be done in a number of ways. For
10

example, radioactive waste can be classified by the level of radioactivity present (high,
intermediate, low, or below regulatory concern), by the dominant type of radiation
emitted (alpha, beta, gamma, or X-ray) or, by its half-life (a length of time required for
the material to decay to half of its original value). Also, radioactive wastes can be
classified by their physical characteristics (primarily, solid or liquid, but they can also
exist in the gaseous state). A quantitative way to classify radioactive waste is by specific
activity or activity concentration; i.e., by the activity per quantity of waste (mass or
volume). The heat generated in a sample (that depends on half-life, concentration, and
type of radiation) can also be used for classification. Finally, waste can be classified for
security and non-proliferation purposes (e.g., designated as “special nuclear materials”),
for worker safety, and for transportation (12).
These various classifications have advantages and disadvantages depending upon how the
information is used. In many places around the world, radioactive wastes have
traditionally been classified on the basis of their characteristics and how the waste was
produced via a top down, generator-oriented approach. This has resulted in
inconsistencies, overlaps, and omissions which lead to conflicts between the sourcedefined classifications and the waste acceptance criteria developed from the disposal
systems. Such generator-oriented waste classifications do not fully capture the associated
hazards and, thus, are insufficient to ensure public health and environmental safety.
Whatever qualitative framework is used, the length of time radioactive waste must be
isolated from the public is determined primarily by its half-life and energy. The heat
generation, concentration, and type of radiation determine the shielding and handling
requirements for the disposal of the waste.
Although the classification of radioactive wastes varies from country to country, three
groupings are generally accepted (5).

2.12 Types of radioactive waste
2.12.1High-level Waste (HLW)

HLW generally refers to the radioactive nuclides at high levels from nuclear power
generation, (i.e. reprocessing waste streams or unprocessed spent fuel) or from the
isolation of fissile radionuclide from irradiated materials associated with nuclear weapons
11

production. When the spent nuclear fuel from reactor operations (civilian or defense) is
chemically processed, the radioactive wastes include nuclides from the aqueous phase
from the first extraction cycle (and other reprocessing waste streams) as it contains high
concentrations of radioactive fission products(8). As a result, HLW is highly radioactive,
generates a significant amount of heat, and contains long-lived radionuclide. Typically
these aqueous waste streams are treated by the principle of “concentrate and contain,” as
the HLW is normally further processed and solidified into either a glass (verification) or a
ceramic matrix waste form. Spent nuclear fuel not reprocessed is also considered as
HLW. Because of the highly radioactive fission products contained within the spent fuel,
it must be stored for “cooling” for many years before final disposal by isolation from the
environment. This final disposal of HLW is placement within deep geologic formations.
Relative to the total volume of waste produced from commercial power generation, HWL
constitutes only a small fraction (a few percent). However, the vast majority of the
radioactivity (95%) resides in the HLW. The only disposal option for this class of waste
is burial in a deep geologic repository (15).
2.12.2. Intermediate-level Waste (ILW)

ILW contains lower amounts of radioactivity than HLW but still requires use of special
shielding to assure worker safety. Reactor components, contaminated materials from
reactor decommissioning, sludge from spent fuel cooling and storage areas, and materials
used to clean coolant systems such as resins and filters are generally classified as ILW.
The most common management option is “delay to decay” for short-lived solid waste, but
for the long-lived waste, the “concentrate and contain” principle (solidification for deep
geologic disposal) is required. ILW comprises about 7% of the volume and, roughly, 4%
of the radioactivity of all radioactive wastes. The disposal options for this class of waste
are burial in a deep geologic repository for the long-lived radionuclide and near-surface
burial for the short-lived ones.
2.12.3Low-level Waste (LLW)

These include research laboratories, hospitals using radionuclide for diagnostic and
therapeutic procedures, as well as nuclear power plants. LLW includes materials that
become contaminated by exposure to radiation or by contact with radioactive materials.
Items such as paper, rags, tools, protective clothing, filters and other lightly contaminated
12

materials that contain small amounts of short-lived nuclides are usually classified as
LLW. By its nature, LLW does not require shielding during normal handling and
transportation and both principles of “delay to decay” and “dilute and disperse” can be
employed for disposal depending on the exact nature of the waste. Often, it is
advantageous to reduce the volume of LLW by compaction or incineration before
disposal. Worldwide it constitutes ~90% of the volume but only ~1% of the radioactivity
associated with all radioactive waste. However, wastes containing small amounts of longlived radionuclide can be included under the LLW classification. The disposal options for
this class of waste are near-surface burial or no restrictions depending on level of
radioactivity. The International Atomic Energy Agency (IAEA) noted that these
classifications, HLW, ILW and LLW, although useful for some purposes, have some
important limitations. Specifically the limitations cited are no “clear linkage to the safety
aspects in radioactive waste managements, especially disposal,” the “current
classification system lacks quantitative boundaries between classes,” and no “recognition
of a class of waste that contains so little radioactive material that it may be exempted
from control as a radioactive waste (3).

2.13Waste management program
Once created, radioactive waste will undergo some of the following stages depending on
the type of waste and the strategy for its management:
2.13.1. Pre-treatment

It is the first step that just after waste generation. It may involve collection, segregation,
chemical adjustment and decontamination and may also include a period of interim
storage. The aim of this step is to segregate waste into streams that will be managed in
similar ways, and to isolate non-radioactive wastes or those materials that can be
recycled.
2.13.2. Treatment

It involves changing the characteristics of the waste by volume reduction, radionuclide
removal or change of composition. Typical treatment operations include:
1. compaction of dry solid waste or incineration of solid or organic liquid wastes
(volume reduction);
13

2. filtration or ion exchange of liquid waste (radionuclide removal); and
3. Precipitation or flocculation of chemical species (change of composition).
2.13.3. Conditioning

It involves operations transforming radioactive waste into a form that is suitable for
handling, transportation, storage and disposal. This might involve immobilization of
radioactive waste, placing waste into containers or providing additional packaging.
Common immobilization methods include solidification of LLW and ILW liquid
radioactive waste in cement, and verification of HLW in a glass matrix. Immobilized
waste may be placed in steel drums or other engineered containers to create a waste
package. Figure (1.1) shows a container used as interim storage for conditioning the
generated waste (1).

Figure (1.1): container contains Cs-137and Sr-90 disused sources after conditioning
processes

2.13.4. Storage

Storage of radioactive waste may take place at any stage in the radioactive waste
management process and aims to isolate the radioactive waste, help protect the
environment and make it easier to control its disposal. Storage may be used to make the
next step in the management process more straightforward or to act as a buffer between or
within steps. Waste might be stored for many years before it undergoes further processing
and disposal. Some storage facilities are located within a nuclear power plant or a
licensed disposal facility, others are separate facilities.
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2.14. Principles of radioactive waste management
The basic principles of radioactive waste management can be summarized as follows:
1. A strategy should be produced and implemented for managing radioactive
waste on a site. This should be consistent with government policy, including
the government’s overall policy aims on sustainable development, should take
into account the possible consequences for present and future generations and
should consider the environment and non-human species.
2. Where reasonably practicable, radioactive waste generation should be
prevented or minimized, both in terms of quantity and activity.
3. The accumulation of radioactive waste on site should be minimized.
4. Characterization and segregation of radioactive waste should be used to help
ensure subsequent management is safe and effective.
5. Radioactive waste should be stored using good engineering practice and in a
passively safe condition.
6. Radioactive waste should be processed into a passively safe state as soon as is
reasonably practical.
Information that might be required now and in the future for the safe management of
radioactive waste should be recorded and preserved (6).

2.15. Biological effect of radiation
Ionizing radiation absorbed by human tissue has enough energy to remove electrons from
the atoms that make up molecules of the tissue. When the electron that was shared by the
two atoms to form a molecular bond is dislodged by ionizing radiation, the bond is
broken and thus, the molecule falls apart. This is a basic model for understanding
radiation damage. When ionizing radiation interacts with cells, it may or may not strike a
critical part of the cell. We consider the chromosomes to be the most critical part of the
cell since they contain the genetic information and instructions required for the cell to
perform its function and to make copies of it for reproduction purposes

(13)

.

2.16. Ionizing radiation units
Ionizing radiation units are standards for measuring ionizing radiation, including units for
measuring the activity of radioactive sources, and for quantifying the amount of radiation
15

striking other objects, particularly people. The current SI units replace older conventional
ones

2.16.1Unit of radioactivity
The SI derived unit of activity, usually meaning radioactivity. One Becquerel is the
radiation caused by one disintegration per second. The unit is named after the French
physicist, Antoine-Henri Becquerel (1852-1908), the discoverer of radioactivity. Note:
both the Becquerel and the hertz are basically defined as one event per second, yet they
measure different things
Conventional unit: 1 curie = 37 billion disintegrations per second.
SI unit: 1 Becquerel = 1 disintegration per second
Conversions
1 curie (Ci) = 37 gigabecquerel (GBq)
1 gigabecquerel (GBq) = 27 millicurie (mCi)

2.16.2. Counts per minute
Used for alpha particles, beta particles or mixed gamma/beta, gamma/alpha, alpha/beta
actual counts per minute. Counts per minute can also be useful when detector efficiency
is in question. For example, when a scintillator is designed to detect the 0.013 Mev
photons from Uranium 238 and one is measuring the 1.146 Mev photons from Potassium
40, the units cannot be easily converted to roentgens; CPM is a more appropriate unit
under these conditions (16)

2.16.3 Radiation absorbed dose (rad)
Conventional units: A dose of 1 rad means the absorption of 100 ergs of radiation energy
per gram of absorbing material
SI units: A dose of 1 gray means the absorption of 1 joule of radiation energy per
kilogram of absorbing material
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Conversion
1 Gy = 100 rad
1 rad = 0.01 Gy
1 roentgen (R) = 258 microcoulomb/kg (µC/kg)
1 millicoulomb/kg mC/kg = 3876 milliroentgen (mR)

2.16.4 Dose equivalent
The dose equivalent is a measure of biological effect for whole body irradiation. The
dose equivalent is equal to the product of the absorbed dose and the Quality Factor.
The Quality Factor (Q) depends on the type of radiation:
X-ray, Gamma ray, or beta radiation: Q = 1
alpha particles: Q = 20
neutrons of unknown energy: Q = 10 (If the neutron energy is known, see more specific
Q values at 10 CFR 20.1004 [1])
conventional units: dose equivalent (rems) is the product of dose (rads) and Q
SI units: dose equivalent (Sieverts) is the product of dose (grays) and Q(UNSCEAR )
Conversion
1 Sv = 100 rems
1 rem = 0.01 Sv
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CHAPTER THREE
MATERIALS AND METHODS
3.1. Sample Collection
Field work for sample collection was carried out from the scrap of airplane and heavy
machines in Sudan air force Khartoum basic air force using RADOS-120 and RADIOGM
detector in order to measure radiation dose. The dose measured from 20Cm distance from
the sample
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Figure (1) showing samples of the airplane under investigations

3.2. Radiation detectors
Ionization chambers
Is a radiation detector used in the present study to measured and evaluate dose and
disintegration per second.

3.2. Accuracy and calibration
All devices that were used in a radiation survey has been calibrated at the secondary
standard dosimetry laboratory Sudan atomic energy commission, calibration factor of the
CANBIRA-RA DIOGM was0.89 and the calibration factor of RADOS-120 was 0. 88

3.3. Background Measurement
A natural background of dose was made of the natural background level to determine the
reference dose results were as follows natural background
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1. RADOS-120 0 .04 μSv/h
2. GM Tube 5 CPS
3. CANBIRA-RADIOGM 0 .03 μSv/h

Figure (1.2) showing the devices that were used in radiation dose measurements
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CHAPTER FOUR
RESULT AND DISCUSSION
The results of the measurements of radiation dose and count rates at the Sudan air force
Khartoum basic air force is presented in table 1.
Figure 1 presents the data of radiation dose measurement in Khartoum basic air force. It
is observed that the lowest dose was 0.03µSv/h while the maximum wasc34 µSv/h. This
rate indicates that the levels were well below the permissible limits and no increase in the
radiation levels except in one sample (number 22). This was attributed due to the
radioactive source found in this sample as shown in figure. In order to investigate safety
requirements, these values were compared with standards recommended by the IAEA.
The results showed that the obtained values were within the acceptable level for most of
the samples except the sample number 22 which exceeds the radiation level adopted by
the IAEA of 10µSv/h. The radiation dose measurement was also presented in histogram
see (figure 3).
Figure 4 presents the results of these measurements, shown as counts per second (CPS)
and a histogram curve is presented in figure 5. The results reveal that there is no
contamination was observed.
Statistically, correlation test showed that there significant relation between CPS and dose
(at p-value 0.05). Kolmogorov- smirnov test has been used for normality test. It is found
that the data of dose and CPS are distributed normally, significant at value greater than
0.05.
Descriptive statistic of radiation dose and count per second are presented in table 2 and
table 3.
As important findings eighteen radiation sources were found in the scrap. These sources
were previously used in temperature and oil level sensors. If not identified they may
possess risk due to exposure of radiation to the general public. The risk is mainly
associated when the scrap is recycled before removing such sources. The action taken
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after this research was the separation from the scrap then collected and stored in safe
place waiting for proper waste management.
Table (1) Radiation dose and count per second in Sudan air force
NO of
sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

location

CPS

C-130 - Fans
Store Equipment No. 1
Store equipment No. 2
Department of aerial photography
Cooling section
Different materials C-130 Store
Public store
NDT
Department of Hydraulic
Department of Electricity
Smoke detectors - Workshop
Radar Section
Department counters
Section C-130 engines
Aircraft Ababil 920
Store aircraft Alababil
Aircraft Ababil 932
French aircraft his day
Ababil 931
Parts Store Antonov
Kov smoke U.S.
Art supply store
Store Elsie Wen my radar
Store the technical workshops of the waste
Drums of chemicals
Section radar Antonov
Store equipment Antonov
Ababil 930
Radio Section - Antonov
Antonov - control
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Dose µSv/h
30
10
10
10
10
15
5
15
14
10
15
35
30
15
13
15
13
15
15
13
10
100
12
15
12
11
9
10
9
8

0.04
0.04
0.04
0.04
0.04
0.03
0.6
0.13
0.9
0.15
0.05
1.2
1.2
0.06
0.06
0.05
0.05
0.04
0.04
0.05
0.04
43
0.04
0.06
1.2
0.05
0.04
1.2
0.06
0.05

Fig (1) Radiation dose measurement in Khartoum basic air force.
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Fig (2) radionuclide found in sample NO (22)

Fig (3) Histogram of radiation dose measurement

Fig (4) Measurement of counts per second

24

Fig (5) Histogram of counts per second

Table (2) descriptive statistic of radiation dose
Quantity
30

Mean
0.26

Std. Deviation
0.42

Minimum
0.03

Maximum
34 (outlier)

Table (3) descriptive statistic of count per second
Quantity

Mean

Std. Deviation

Minimum

Maximum

30

13.93

6.71

5

100
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Conclusion
Based on this review on investigation of radiation dose level in the scrap of airplane and
heavy machines in Sudan one can draw the following conclusion remarks:1. An estimation of the radiation dose is the first time has been done, which is
extremely important for proper assessment of the hazard associated with their
exposure.
2. A good baseline has been established for setting standards for radiation exposure.

3. In Sudan air force( Khartoum basic air force) the present research found that there
is no contamination observed and dose levels of samples (aircraft scrap) within
acceptable level except the sample of sensors dose level is 34 µSv/h need an
appropriate shielding to reduce the level of radiation dose

4. The present study did not cover the whole military department due to the short
time of the project.
5. No radioactive contamination resulting from leakage of radioactive material in the
sensors consist of radioactive material
6. Examination of any aircraft from radiation prior to disposal or sale to ensure they
are free of radioactive sources
7. Trained the worker in the basics of radiation protection and nuclear security
8. Must put any sensor (not in use) contains a radioactive substance in a unit of
radioactive waste unit.
9. Include pilots and warehousemen in personal monitoring system
10. Storage the sensors that contain radioactive sources in a suitable place to avoid
loss or damage that may result in harm to human health.
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