
PINSTECH/RIAD-137 

REVIEW OF NEUTRON RADIOGRAPHIC APPLICATIONS 
IN INDUSTRIAL AND BIOLOGICAL SYSTEMS 

JS-'I 

i i 

MIRZA MUHAMMAD ASHRAF 
ABDUR RAHIM KHAN 

- ^ 

i < ! 
i • 

r 

1 iij 
M v 

NON DESTRUCTIVE TESTING GROUP 
RADIATION AND ISOTOPE APPLICATIONS DIVISION 

Pakistan Institute of Nuclear Science & Technology 
P. O Nilore, Islamabad 

October, 1992 



l'INSTECII/KIAD-137 

REVIEW OF NEUTRON RADIOGRAPHIC APPLICATIONS 
IN INDUSTRIAL AND BIOLOGICAL SYSTEMS 

MIRZA MUHAMMAD ASHRAF 
ABDUR RAHIM KHAN 

NON DESTRUCTIVE TESTING GROUP 
RADIATION AND ISOTOPE APPLICATIONS DIVISION 

PAKISTAN INSTITUTE OF NUCLEAR SCIENCE AMD TECHNOLOGY 
P.O. NILORE, ISLAMABAD 

OCTOBER, 1992 



CONTENTS 

Sr.No. Description Page 
Abstract 

1. Introduction 1 
2. Applications of neutron radiography 2 
2.1 Nuclear fuel and materials 3 
2.2 Aerospace structures and components 3 
2.3 Encased explosives and pyrotechnic devices 3 
2.4 Common objects 4 
2.5 Biological applications 5 
2.5.1 Biomedical 5 
2.5.2 Plants 5 
2.5.3 Animals 6 
3. Methodology 6 
3.1 Direct exposure method 7 
3.2 Transfer technique 7 
3.3 Cellulose nitrate detectors 8 
4. Advantages of neutron radiography 8 
4.1 Identification of different isotopes 8 
4.2 Penetration of dense materials 8 
4.3 Contrast of light materials enveloped 

in denser materials 9 
4.4 Contrast betv/een elements of similar 

atomic weights 9 
4.5 Insensitivity to gamma radiation 9 
5. Potential of neutron radiography at PINrfTECH 9 



Conclusion 11 
Acknowledgment 11 
References 12-16 
Figures 



ABSTRACT 

Neutron radiography is a non-destructive testing technique 
similar to those of X-ray and gamma-ray. The neutron radiography 
technique is being used worldwide for the design and the 
development of reactor fuels for research and power reactors. It 
is also being used for non-destructive examination of nuclear 
fuel and materials, aerospace components, explosives and other 
industrial products. In addition to its applications in 
industrial sectors, the technique is widely used for research and 
development activities in biological systems. A review of 
technical applications of neutron radiography in different fields 
particularly in nuclear fuel management, aerospace industry, 
explosives and biology is presented. The methodology of neutron 
radiography is also discussed in details alongwith the advantages 
of the technique. In addition, the potential of the neutron 
radiography facility at PINSTECH has been described. 



1. INTRODUCTION 

Non-destructive testing of materials has played an 
important role for the last couple of decades to improve the 
quality of the outgoing components and products from aerospace, 
explosive, nuclear and other heavy industries. It has been 
helpful to increase the yield of quality products by detecting 
flaws and discontinuities present within the manufactured parts 
and assemblies and later on evaluation of the causes and severity 
of these defects and discontinuities and their effects on 
soundness, integrity and intended serviceability of materials, 
components and products. Neutron radiography is a multi-
discipline radiographic technique with numerous applications not 
only in material sciences but also in life sciences. It is one of 
the non-destructive radiographic techniques developed a little 
later than other radiographic techniques like X-ray and gamma-ray 
radiographic techniques. Most of the neutron radiographic work 
published is based on thermal neutron radiography however, few 
applications of high energy neutron radiography have also been 
reported( Richardson, 1977). The initial work on neutron 
radiographic technique was carried out by Germans, Kallmann and 
Kuhn( Kallmann, 1948). In 1960's neutron radiography developed 
rapidly through out the world with special interests in the 
inspection of nuclear fuels and aerospace components( Berger et. 
al.,1985; Wall et. al., 1990). The activities like the 
inspection of nuclear fuel for Europe's nuclear power programme 
and USA's aerospace technology programme persisted on and helped 
develop the neutron radiographic technique. The principle of 
neutron radiography is very simple that a beam of neutron passes 
through the workpiece to be examined and exposes a suitable 
converter screen. The converter screen then emits 
photographically detectable radiation to which a conventional X-
ray film is exposed to form a radiographic image( Hendry, 1968; 
Halmshaw, 1982). The radiographic image is revealed on the 
radiograph after the films are processed in standard chemicals. 
Neutron radiography mostly uses thermal neutrons as a source of 
radiation (Eastman Kodak, 1980; Mix, 1987). The neutron 
radiographic technique has advantages over X-ray and gamma-ray 
radiographic techniques because of the random behaviour of 
neutron cross sections of various materials( Wall and May, 1990; 
Berger, 1965; Hawkesworth, 1975 ). The neutron cross sections of 
materials do not increase like the linear attenuation 
coefficients of materials which increase with the atomic numbers 
of the materials( Halmshaw, 1982). The trend of mass attenuation 
coefficients for X-rays and neutrons versus the atomic number of 
different materials is shown in Figure 1. Due to the random 
behaviour of neutron cross sections, neutron radiography has 
found a vast range of applications not only in aerospace and 
nuclear industries but also in other industries (Berger, 1976). 
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Research reactors all over the world are used as a major source 
of thermal neutrons( Oslen et. al., 1974; Eastman Kodak, 1980). 
A well collimated beam of thermal neutrons is extracted through a 
hole in the concrete shielding, beam tube, by placing some 
moderator to boost up thermal neutron intensity and a high 
energy gamma-radiation filter inside the beam tube to reduce the 
contribution of the gamma radiation at the image plane( Markgraf, 
1987). The neutron radiographic technique has a number of 
applications in the design and the inspection of nuclear fuels 
and materials for both research and power reactors in addition 
to its applications in other areas of science and technology ( 
Nix, 1987, Berger, 1976). It can be used to: 

i) study burn up damage due to fission in reactors 
ii) design and develop nuclear fuel for power reactors 
iii) examine fuel cladding and inspect irradiated fuel for 

physical and dimensional changes(Berger, 1976; Richard et. 
al., 1982) . 

iv) examine materials like composites and ceramics etc. 
v) inspect explosive materials and pyrotechnic devices 

vi) inspect turbine airfoils and honeycomb structures in 
aircraft wings and helicopter propeller blades and 
detection of corrosion in honeycomb structures( Eastman 
Kodak, 1969; Berger, 1976; Whittemore, 1990). 

vii) find cement and epoxy contents in electronic filters and 
moisture contents in soil samples respectively etc., and 

viii) study changes and development in biological systems 

In this report firstly, an overview of the applications of 
neutron radiography has been given. Secondly, the applications of 
neutron radiography in nuclear, aerospace and explosive 
industries have been discussed. Thirdly, radiography of common 
objects and biological systems have been reviewed and lastly, the 
methodology of neutron radiography and its advantages and 
feasibility of this important technique of radiography have been 
described in details (Graf et. al., 1983). 

2. Applications of Neutron Radiography 

Neutron radiography is being used worldwide in research 
and development activities in nuclear, aerospace, explosive and 



other industries ( Berger, 1976; Whittemore, 1990) . In addition 
to neutron radiography applications in industrial sector, couple 
of applications of neutron radiography for the study of 
archaeological and biological systems have also been reported in 
the literature( Blasko, et. al., 1987; Von der Hardt, 1981). 

2.1 Nuclear Fuel and Materials 

Neutron radiography has played an important role in the 
design, manufacture of nuclear fuel for both research and power 
reactors and especially inspection of post irradiated nuclear 
fuel for power reactors( Barton et. al., 1966; Berger, 1976; 
Ross, 1977; Von der Hardt, et. al., 1981; Whittemore, 1990). 
Figures 2, 3 and 4 show cracks, post irradiation structure and 
melting of central part of the fuel after different irradiation 
levels. Properties of nuclear fuel pins and assemblies have been 
studied critically with neutron radiography at Hanford 
Engineering Development Laboratory( Jackson et. al., 1979). The 
transfer technique using dysprosium and gadolinium etc. converter 
foils and track etch methods have made possible the inspection 
of irradiated nuclear fuels and components (Matsumoto,1986; 
Domanus, 1987). The neutron radiographic technique has been 
applied for the quantitative measurement of hydrides in 
zirconium hydride (Berger, 1976; Von der Hardt, 1981). 
Characteristics of Uranium- Plutonium mixed oxide nuclear fuel 
pins and pellets have been investigated using neutron 
radiographic technique (Panakkal et. al., 1985). The technique 
has been applied successfully for dimensional measurement of 
nuclear fuel pins and bundles after irradiation in the reactor 
(Richard et. al., 1982; Domanus, 1986; Sinha et. al., 1987). Due 
to high gamma-radiation doses associated with the irradiated fuel 
of the reactor and difficulty of manipulation of highly active 
elements, an underwater neution radiographic facility was 
developed at Argonne National Laboratory to radiograph irradiated 
fuel and materials( Barton and Perves, 1966). Neutron radiography 
has been used as a major non-destructive testing technique for 
the investigation of light water reactor fuel rods at High Flux 
Reactor Petten (Bordo et. al., 1983). Studies related to 
dimensional measurements, fuel stack condition, fuel rod 
condition and condition of instrumented fuel rods and irradiated 
devices have been carried out( Matfield, 1983) . Detection of 
laminations by neutron radiography in assembled pellets has been 
shown in Figure 5. 

2.2 Aerospace Structures and Components 

The radiographic technique using neutrons as a source of 
radiation has been applied extensively to examine turbine blades 
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cast through investment casting processes, to detect and evaluate 
adhesive bonding, composite- metal laminates and corrosion in 
honeycomb structures( Berger, 1976; Chesworth, 1987). Comparison 
of neutron radiography and X-ray radiography of honeycomb 
structure has been shown in Figure 6. Neutron radiography 
provides detailed information about the honey comb structure as 
compared to normal X-ray radiograph and helps detection of 
corrosion in airfoil structures. Neutron radiographic facility 
at ANSTO, Australia has been successfully used for the detection 
of ceramic materials in test turbine blades( Wall et. al., 1990). 
Detection of corrosion in aircraft wings has been reported( 
Halmshaw, 1962). Figures 7 and 8 show comparative X-ray and 
neutron radiographs of turbine blades. Detection of residual 
cores was not possible with conventional X-ray radiographic 
technigue but neutron radiography has been helpful find out 
the residual cores in investment castings of turbine airfoils. 

2.3 Encased Explosives and Pyrotechnic Devices 

Neutron radiography has been applied to obtain details 
of low atomic number materials such as adhesives, powders and 
plastics etc. in encased explosives and pyrotechnic devices 
(Cassidy, 1976; Berger et. al. 1985). Figure 9 is the neutron 
radiograph of an explosive bolt revealing many more details which 
could not be seen through conventional X-ray technigue. Cracks 
and voids in explosive trains and explosive detonator and timers 
have been studied using a Cf-252 neutron source (Crosbie et. al. 
1982; Von der Hardt et. al., 1981). The detection of paper 
separation washers and epoxy-bonded metals etc. are other 
possible applications (Halmshaw, 1982). 

2.4 Common Objects 

In addition to applications of neutron radiography in 
nuclear, aerospace and explosive industries, it has also been 
applied in other industrial sectors. A dual purpose radiographic 
facility has been developed at 4.6 MW research reactor in 
Budapest, Hungry. This facility has been used for neutron and 
gamma radiographic purposes simultaneously using lithium doped 
zinc sulphide and zinc sulphide radiographic screens 
respectively( Blasko et. al., 1987). Simultaneous radiography 
with neutrons and gamma-rays has been helpful to investigate the 
fuel consumption meter and absorption-type refrigerators. 
Measurement of moisture contents in soil and rock samples and 
water permeability in concretes, analysis of museum art objects 
and study of the growth of plants in varying orientations etc. 
are few other applications of neutron radiography ( Lewis and 
Krintizsky, 1976; Hillig, 1976). 
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2.5 Biological Applications 

Applications of neutron radiography for the study of 
biological systems have been reported in the literature. Neutron 
radiography has been applied for studying medical problems for 
many years. However , the large scattering cross section of 
hydrogen in human and animal tissues limits the thickness of the 
specimen for normal applications ( Whittemore, 1990) . Use of 
neutron and X-ray radiography for the study of bone tissues of 
rats has been compared in Figures 10 and 11. Neutron radiography 
reveals more details than X-ray radiographic technique when 
applied to biological systems (Graf et. al., 1983). 

2.5.1 Biomedical 

There are limited number of biomedical applications of 
neutron radiography due to greater biological effect of neutrons 
than other ionizing radiation and longer exposures( Von der 
Hardt, 1981). Nevertheless, applications in dentistry and oral 
surgery have been pursued since early 1970( Whittemore, 1990), 
Neutron radiography has the potential for detecting the 
pathological changes within bone such as replacement of bone 
marrow and soft tissue formation inside bone. Neutron radiography 
has also shown particular benefit over X-ray images for the 
delineation of pathologic intraosseous lesions (Barton,1976; 
Duehmke and Greim,1983; Whittemore,1990). Fast neutron 
radiographic technique using cellulose nitrate foils can be used 
to see a malignant tumor of the columna vertebralis which is 
otherwise not possible with other roentgenological examination 
(Duehmke,1978). Gallstones were subjected to thermal neutron and 
X-ray radiographic examination and useful information were 
obtained concerning the formation of gallstones. Thermal neutron 
radiography has been used to examine edema in the brain of mice 
(Tanaka et.al. 1990). Neutron radiography might be a more useful 
as a mean of examination of bone disease (Wakko, H. et.al.,1990). 

2.5.2 Plants 

Transfer technique implying indium foil has been used to 
study root growth into the soils. The samples were subjected to a 
neutron fluence of 5xl09 neutron/cm2 at Ames Laboratory Research 
Reactor, Iowa, USA. The experiments included studying germination 
and root and shoot growth of seeds planted at different depths, 
with different orientations and with simulated surface crusts. 
Seed swelling, root length and rate of shoot growth were measured 
(Willet and Struss, 1978). Neutron radiographs shown in Figures 
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12 to 13 provide information about the plant emergence of a corn 
plant and root development of the plant after seven days. 
Neutron radiography has proved to be a better tool to study the 
root growth rates and root distribution in the plant-root-soil 
system( Aderhold, H.C. et. al. 1990). Fast neutrons in 
combination with the cellulose nitrate foils have been used to 
observe the exsiccation process in biological material such as 
wood which could not be achieved by X-ray radiography( Duehmke 
and Greim, 1983) . 

2.5.3 Animals 

Graf et. al. (1983) used X-ray and thermal neutron 
radiographic technique to study the normal bone tissue of the 
rats. Tagged radionuclides can be used to measure uptake or 
metabolism of biological active chemicals in the body (Blatchley 
et. al. 1987). Using the hydroxylapatite uncoiling technique, the 
induction and repair of DNA strand breaks in Chinese hamster V79 
cell grown in the log phase were examined following irradiation 
with gamma-rays and fast neutrons. It was observed that the 
fraction of double stranded DNA induced was decreased 
approximately linearly with the irradiation dose (Xian et. al. 
1985). Neutron radiography has been applied to study the 
predentin volume differences within one and same tooth (Vulcain 
et. al., 1990). Neutron radiography is a valuable tool for 
investigating the bone of the osteopetrotic rat as a complement 
to X-rays for the study of bone and enables the visualisation of 
organic structures with high content in carbon, hydrogen, oxygen 
such as glycoproteins and glucosaminoglycans( Graf et. al., 
1983) . 

3. METHODOLOGY 

The principle of neutron radiography is similar to X-ray 
radiography ( Hawkesworth, 1975). A beam of thermal neutrons 
after passing through the specimen under inspection exposes 
converter screens/foils such as dysprosium and indium etc. which 
then emit radiation to which normal X-ray films are sensitive. 
The radiographs are then interpreted and evaluated to study the 
severeness of the defects and discontinuities present within the 
workpiece radiographed. Three types of neutron sources are 
generally used for the radiographic purposes depending upon the 
type of application. The parameters that govern the choice of the 
neutron source for radiographic purposes are the energy of the 
neutron beam and intensity, gamma energy and intensity, cost, 
size and portability of the neutron radiographic equipment etc.( 
Berger, 1965; Hawkesworth, 1975; Harms, 1977; Blasko et. al., 
1987) . The neutron sources are: (a) nuclear reactors, (b) 
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accelerators, and (c) radioisotopes( Whittemore, 1990; Ilalmshaw, 
1982). Nuclear reactors provide by far the most intense source of 
neutrons for radiographic applications because of high neutron 
fluxes of the order of 10 neutron/cm2/sec or even higher 
available at the inner end of the reactor beam ports used to 
extract a beam of thermal neutrons for number of applications 
(Oslen et. al., 1974; Hughes, 1953). Accelerators are the next 
strongest source of neutrons used for neutron radiographic 
purposes. Different types of accelerators like Van De Graaff 
generators and LINAC (linear accelerators) are being used around 
the world for research and development activities and neutron 
radiography ( Berger, 1965; Hiraoka et. al., 1982; Halmshaw, 
1982) . Isotopic sources have been used for a couple of 
applications where the mobility of the equipment matters but 
these isotope sources have less neutron intensity as compared 
with accelerator and reactor neutron sources. The most commonly 
used isotope neutron sources are ^'Am-Be^^Po-Be^'pu-Be and 
Cf-252 etc. (Kallmann, 1948; Crosbie et. al., 1982; Berger, 
1976; Hawkesworth, 1975; Mix, 1987). All the sources for neutron 
radiography mentioned above have been widely used for different 
applications. Two exposure methods are usually implied for 
obtaining a neutron radiograph using a neutron source. These 
methods are discussed below. 

3.1 Direct Exposure Method 

In direct exposure method, the X-ray film is placed in 
close contact with the converter screen. The transmitted 
intensity through the workpiece exposes the converter screens 
which then emits radiation to expose X-ray film. Mostly 
gadolinium and dysprosium screens are used in this method( 
Berger, 1965; Halmshaw, 1982). Some special type of Kodak SR-5 
films have been developed by Kodak Ltd. which are more sensitive 
to thermal neutrons and can easily be used at the radiographic 
facilities with a high gamma background. 

3.2 Transfer Technique 

In transfer method a converter foil is exposed to thermal 
neutrons transmitted through the workpiece and becomes 
radioactive. The radiation image from the exposed foils is then 
transferred to normal X-ray films by placing the film in close 
contact with the converter foil( Halmshaw, 1982; Mix, 1987; Von 
der Hardt et. al., 1981). The exposed films are then processed to 
reveal defects and discontinuities within the workpiece under 
inspection. Radiographs are then interpreted and evaluated as per 
standards. 
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3.3 Cellulose Nitrate Detectors 

Plastic detectors such CN 85 have been used for different 
applications of neutron radiographic technique in different 
disciplines (Durani and Khan, 1975; Dontanus, 1983) . Cellulose 
nitrate detectors are widely used not only for the radiography of 
active fuel but also for studying different biological systems 
with thermal as well as fast neutrons( Duehmke and Greim, 1983; 
Tanaka et. al., 1990). A cellulose nitrate detector with a 
converter like Lithium Fluoride and Zinc Sulphide can be used for 
different applications. The neutrons after traversing through the 
workpiece expose the converter material which then emits alpha 
particles to which the cellulose nitrate detectors are sensitive. 
The plastic detectors are then etched in potassium hydro-oxide 
solution to reveal hidden information/ details about the 
workpiece. The advantage with the plastic detectors is that these 
are cheaper and can be used even in high gamma background. 

4. ADVANTAGES OF NEUTRON RADIOGRAPHY 

Neutrons unlike X-rays interact with the nuclei of the 
atoms through which they pass. Thus, the two techniques are 
capable of providing basically different information. The neutron 
cross sections show random behaviour compared to linear cross 
sections of different materials for X-rays or gamma-rays which 
steadily increase with the atomic number of the material. The 
random behaviour of neutron cross sections provide the basis for 
using neutron radiographic technique in various disciplines ( 
Wall and May, 1990; Barton, 1976). 

4.1 Identification of Different Isotopes 

Neutron Radiography has been used to differentiate between 
isotopes of an element e.g. hydrogen nucleus has much larger 
thermal neutron cross section than deuterium and similarly U-235 
has larger cross section than U-238. The isotopes of the same 
element provide contrasty image when subjected to neutron 
radiography (Whittemore, 1990). 

4.2 Penetration of Dense Materials 

Dense materials (lead, bismuth, uranium) that are difficult 
to penetrate using X-rays may be satisfactorily examined using 
neutrons because of higher penetration and lower scattering 
factors. 
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4.3 Contrast of Light Materials Enveloped in Denser Materials 

The relative order of the attenuation coefficients is 
almost reversed in Neutron Radiography. For example, neutrons 
can reveal details of plastic, oil or water enveloped inside 
steel or lead. Details of 0.5 mm of hydrogenous material have 
been revealed in the middle of 30 cm of lead by using a simple 
neutron radiography technique. 

4.4 Contrast Between Elements of Similar Atomic Number 

Materials of similar atomic number and density are 
difficult to distinguish using X-rays, but may be contrasted 
using neutrons. Important applications have been found in 
metallurgical studies and in mechanical engineering. Metal 
brazing often contain cadmium, silver, and other elements which 
contrast well under neutron radiography. 
4.5 Insensitivity to Gairma Radiation 

Certain objects such as radioactive sources, reactor fuel 
elements or other irradiated samples may emit intense gamma 
radiation that would interfere with an X-ray radiograph. In 
neutron radiography this interference may be avoided by using a 
detector sensitive to neutrons and insensitive to gamma radiation 
like cellulose nitrate detectors. 

5. POTENTIAL OF NEUTRON RADIOGRAPHY AT PINSTECH 

The non-destructive testing laboratories at PINSTECH are 
equipped with X-ray and gamma-ray radiographic techniques while 
these are lacking in very important radiographic technique like 
neutron radiography, image processing, and computer assisted 
tomographic techniques. The research reactor at PINSTECH, PARR-I 
is equipped with six radial beam tubes in addition to through 
tube and other bulk irradiation facilities( PINSTECH/R0-6, 
1969). These radial and other probe tubes can be used for 
extracting a beam of thermal neutron for radiographic purposes 
and other research activities. To start with the design of a 
thermal neutron radiographic facility around the reactor PARR-I, 
fast neutrons are to be slowed down to thermal energies and high 
energy gamma rays from the reactor core are to be filtered out of 
the radiation beam reaching the image plane which may otherwise 
result in deterioration of the image quality. Graphite is placed 
inside the beam tube to provide neutron moderation while a thick 
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block of bismuth is placed to filter out high energy gamma 
radiation from the reactor core and those resulted through 
radiative capture of neutron within the moderator. To determine 
suitable thicknesses of the moderator and bismuth blocks to be 
placed for moderation of neutron and filter out high energy gamma 
rays, the intensities of neutrons and gamma-radiation 
transmitted through these blocks are to be computed for 
calculating neutron to gamma ratio and estimating the available 
thermal neutron intensity at the image plane. For safe operation 
of the facility, calculations of the neutron and gamma radiation 
intensities through beam shutter, beam trap and radiation 
enclosure needs to be carried out( Ashraf et. al. 1989). The 
temperature build up due to interaction of radiation with 
moderator and bismuth filter will be evaluated to avoid any 
change in physical dimensions as bismuth posses a lower melting 
temperature, 271 C° (Ashraf et. al., 1989, Binford, 1957). To 
proceed ahead with the studies in connection with the research 
and different applications of neutron radiography in various 
disciplines, the neutron radiography facility has been installed 
around the reactor at beam tube No. 6. Thermal neutron flux of 
the order of 1.5xl05neutron/cm2/sec has been measured with gold 
foil. The measured thermal neutron flux at the emergent end of 
the beam tube is slightly lower than the desired flux. The 
gamma dose rate at the imaging plane is 1.6 R/hr and the neutron 
to gamma ratio is higher than 5xl0*mR" .cm'2, a parameter for 
determining the suitability of the neutron radiography facility 
for different applications( Hawkesworth,1977). In addition, 
following other facilities are available for potential 
applications of NR in different sectors. 

(i) Image recorders like X-ray films and track etch 
detectors etc. 

(ii) Converter screens like gadolinium and foils such as 
indium, dysprosium and gadolinium etc. 

(iii) Film processing tanks and chemicals. 
(iv) Low and high intensity X-ray film illuminators, and 
(v) Reference radiographs and the technical know-how and the 

experience to interpret and evaluate radiographic results. 
Keeping in view the expertise available, the neutron 

radiographic technique can be used for different research and 
development purposes related to future programmes of the 
commission. The neutron radiography facility around Pakistan 
Research Reactor -I is being used to establish the radiographic 
parameters. Couple of workplaces like aluminium samples 
containing O-ring and integrated circuit have been radiographed. 
Because of less thermal neutron flux available at beam tube No. 6 
due to partial loading of core of the reactor and long exposure 
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times, the quality of the radiographs is not very good. The 
quality of the radiography would improve with the enhancement of 
neutron flux and reduction of the exposure time. 

6. CONCLUSION 

Neutron radiography has proven itself to be an invaluable 
supplement to conventional NDT techniques for quality control of 
production quantities of nuclear fuels for research and power 
reactors, aerospace components and explosive devices. Moreover, 
a large number of applications of neutron radiography are found 
in biological systems and other life sciences. The technique has 
potential for the indigenous design and development of fuel for 
power reactors and later on inspection of irradiated reactor 
fuel. It is, therefore, suggested that the neutron radiographic 
technique may be developed at PINSTECH. The technique may open 
new areas of research and development in material and other 
sciences. 
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