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ABSTRACT 
Applications of radioisotopes and radiation technology are contributing significantly in many 

areas of science & technology, industry and environment, towards sustainable development, 
improving the quality of life and cleaner and safer national industries. There are three major classes 
impacting industrial scale operations, namely, (a) radiation processing/treatment, (b) radiotracer and 
sealed source techniques to monitor industrial processes/columns/vessels and (c) industrial gamma 
radiography & tomography. 

Radiation processing applying gamma sources and electron accelerators for material 
treatment/modification is an established technology. There are over 160 gamma industrial irradiators 
and 1300 industrial electron accelerators in operation worldwide. Development of new materials, 
especially for healthcare and environment protection, and advanced products (for electronics, solar 
energy systems, biotechnology etc) are the main objectives of R&D activity in radiation processing 
technology. The International Atomic Energy Agency (IAEA, Agency) is involved in supporting 
both the development and transfer of radiation technology. Thanks to Agency's efforts, advanced 
radiation processing centres have been established in many Member States (MS), e.g. Malaysia, 
Egypt, Iran, Poland, Brazil, Hungary. Hydrogel dressing for wounds, radiation vulcanised latex, 
degraded natural polymer are examples of useful product outcomes. Demonstration of effective 
treatment of flue gas in pilot plant as well as industrial scale and industrial wastewater in pilot plant 
scale has shown promise for tackling industrial emissions/effluents using electron beam machines. 

Industrial radiotracer and gamma sealed source techniques are largely used for analyzing 
industrial process systems. Initially used as trouble-shooting measures, they play a vital role in 
process parameter optimization, improved productivity, on-line monitoring and could lead to even 
pre-commissioning benchmarking. Gamma tomography for process visualization is a 
complementary advanced technology for optimizing industrial process design and operation, 
applicable for many industrial multiphase flow systems: distillation columns, packed beds with two 
phase flows, risers, fluidized beds, and other multiphase processing units. New development is 
expected in the preparation of radiotracers for harsh industrial conditions and radiotracers from 
radioisotope generators for remote sites. Multi-tracer investigations for oil field characterization in 
on-shore and offshore are under development. 

Technology support to adopt conventional gamma radiography for non-destructive testing 
(NDT) is an important contribution from Agency in strengthening MS capabilities for 
industrialization. Considerable progress towards the development of procedures, and strengthening 
education, training and harmonized certification in industrial radiography is notable. Digital 
Industrial Radiography (DIR) is state of the art testing, involving electronic detection of X-rays and 
gamma rays using radiation detectors. New development in radiation detector technology makes 
DIR a method of choice for on-line NDT inspection. 

INTRODUCTION 
Radiation discovered more than a century ago has found many vital applications in medical and 

industrial spheres. The attenuation and scattering of radiation by materials presented to the radiation 
path has been used to monitor the interposed materials/systems. The radiation energy deposited on 
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the objects exposed has also been used to bring about beneficial applications and induce desired 
chemical reactions, such as, selective destruction of micro organisms (radiation sterilisation/ 
disinfestation) and to influence the physico-chemical properties of materials (polymer 
formation/degradation). Radiation processing technologies applying gamma sources and electron 
accelerators for material processing are well established in most developed countries. Radiation 
processing is a clean and environment-friendly process and helps to tackle many pollutants as well. 
Other applications of EB processing systems are also foreseen in future, e.g. in lithography, 
microelectronics, nano-technology etc. 

Radiotracer techniques using radioisotope products and sealed sources based techniques play an 
important role in understanding/monitoring industrial processes, process control and optimisation 
and cost-effective trouble shooting. Oil reservoir evaluation, on-line analysis of mineral's, and 
process control in manufacturing industries (e.g. sugar, cement, glass etc) are some of the main 
areas, where the radioisotope technique is competitive and beneficial. 

Non-destructive Testing (NDT) is an essential element of Quality Assurance in various 
industries, construction/fabrication activities and manufactured products. The penetrating power of 
nuclear radiation is being harnessed for, new applications for industrial process visualization and 
optimization. 

The Agency plays an important role in supporting/facilitating development, promoting 
knowledge generation and transfer of technology/know-how in these fields. Many Member States 
seek to avail Agency assistance in these areas through National/Regional Technical Cooperation 
(TC) projects. The Agency's programmes have enabled developing Member States to introduce 
radioisotope products and radiation technology in many industrial fields. There is a need to 
consolidate and further develop radioisotope applications in industry, ultimately leading to 
upgrading the capability of radioisotope utilisation in developing Member States. 

The important industrial applications of radioisotopes and radiation technology, wherein the 
Agency has been playing a vital role are presented in this paper. 

1. RADIATION PROCESSING TECHNOLOGY 
1.1 Radiation Sources 
The number of service irradiators working or installed on-line is growing. The Agency has 

prepared a directory for industrial gamma irradiators [1] and plans to prepare a similar database for 
electron accelerators. There are over 160 gamma industrial irradiators and 1200 electron industrial 
accelerators in operation worldwide. They are being widely used for sterilization, food irradiation 
and polymer processing. In the last 30 years, 648 industrial accelerators were installed in the USA 
and 308 in Japan. 

1.1.1. Gamma Irradiators 
The number of irradiation units (approx. 160) has increased remarkably since the last report of 

Machi [2]. The world directory covering information on the 121 industrial and semi-industrial 
gamma irradiators prepared by Mehta [1] reports 17 new units commissioned in the years 2000-
2002. The big irradiators with an activity over 1 MCi constitute over 20% of the total. The other 
directory prepared by Nordion gives a list of 64 plants [3]. 

1.1.2. Electron Accelerators (Electron Beam (EB) Machines) 
The total number of accelerators installed all over the world exceeds 13000, while the number of 

units applied for radiation processing being about 1200. Direct current (DC) accelerators, single 
resonant cavity accelerators and microwave source powered linear accelerators have been found to 
be suitable for radiation processing [4]. The industrial accelerators' development is still in progress, 
not only due to new areas of application, but also because of demands of lower cost and more 
compact size machines [5,6]. Some countries have embarked on programmes concerning accelerator 
development, but there is still scope for fully exploring low energy accelerator capability [7]. 
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New environmental applications demand development of high power, reliable accelerators. The 
most powerful radiation processing facility, applying accelerator over 1 MW total power has been 
constructed in Poland for treating flue gases emitted from fossil fuel power plant [8]. The new 
challenges for accelerator manufacturers demand further developments of accelerator technology. 

1.1.3. Electron Beam (EB) units equipped with eTX converters 
Application of X-rays for radiation processing based on X-rays generated from high energy 

electrons is a popular strategy for industrial scale applications in order to avail of larger penetration 
into exposed materials. The concept of e" to X conversion has been known for years and some units 
installed [9]. However, a breakthrough in technology is expected after implementation of the high 
power units, which are already being tested [10]. Commercial irradiators are also available on the 
market[11]. 

1.2. Radiation processing 
Chemical and material engineering mostly apply high temperature and/or high pressure 

processes for material synthesis/modification and quite often, a catalyst is required to speed up the 
reaction. Radiation is the unique source of energy, which can initiate chemical reactions at any 
temperature, including ambient, under any pressure, in any phase (gas, liquid or solid), and without 
the use of catalysts. However, the temperature rise factor needs to be considered when material is 
processed with high doses [12]. 

1.2.1. Materials modification 
1.2.1.1. Synthetic polymers 
Among irradiated materials, polymers are the most prominent ones. The application of radiation 

for modification of synthetic materials, mostly curing and cross-linking, is a well-established 
technology [13]. For example, the total number of electron accelerators used for radiation 
crosslinking in Japan is 111, 59 for wires and cables, 25 for tires, 16 for plastic forms, and 11 for 
heat shrinkable tubes. 

1.2.1.2 Rubber and natural latex 
In conventional process, crosslinking or vulcanization is carried out by sulphur and heating. A 

small amount of the toxic substance nitrosoamine, formed during vulcanization, remains in the 
product. Radiation vulcanization leads to products with improved mechanical properties as 
compared to sulphur or peroxide crosslinking. Precise control of thickness is needed in the 
production of radial tires to reduce the weight. Radiation pre-vulcanized body ply will not decrease 
in thickness or be displaced during subsequent construction and vulcanization of the tire. 
Technology of radiation vulcanization of natural rubber (NR) latex (RVNRL) was developed by 
Makuchi et al. [14]. The necessary dose for vulcanization is 15 kGy. The crosslinking sensitizer is n-
butyl acrylate. Such products are extremely safe due to the absence of N-nitrosamines. A low 
toxicity and smaller amount of extractable proteins are the merits of the technology. Pilot plants of 
RVNRL have been set up in Indonesia, India, Malaysia and Thailand for the production of dipped 
articles such as examination gloves, surgical gloves and balloons. 

1.2.1.3. Natural polymers 
Research work related to the use of radiation technology for minimizing the environmental 

pollution associated with the processing of natural polymers, such as dissolution of cellulose in the 
viscose-rayon process, has been carried out in countries like Canada, India and Russian Federation 
[15]. The healing of wounds, especially burn wounds, is a challenging medical problem, as such 
wounds take a long time to heal and need to be protected to prevent infection. A radiation processed 
wound dressing based on PVP, agar and polyethylene glycol is well established on the market. 
Naturally occurring polymers like alginates and carrageenans are known to possess excellent wound 
healing characteristics. In order to utilize the functional properties of these polymers for wound 
healing, a PVA based hydrogel containing naturally occurring polymers like agar and carrageenan 
has been developed and commercialized in India. Similarly, a PVP based hydrogel containing 
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carrageenan has been developed and extensively tested on patients in the Philippines with very 
encouraging results. An additional feature of these hydrogels is their usefulness in curing wounds of 
patients with diabetic ulcers, which are otherwise difficult to heal. The PVP-carrageenan gel has the 
additional advantage of being a haemostatic agent, which can be extremely helpful in many medical 
emergencies. The successful development of such materials provides new opportunities for the use 
of natural polymers [16]. 

Low molecular weight naturally occurring polysaccharides like chitosan and alginates, prepared 
by conventional methods possess novel features such as promotion of germination and shoot 
elongation and stimulation of growth of Bifidiobacteria. As compared to conventional techniques 
like acid or base hydrolysis or enzymatic methods, radiation processing offers a clean one-step 
method for the formation of low molecular weight polysaccharides in aqueous solutions even at high 
concentrations. Studies have been carried out in countries like Japan, Vietnam, China, India and the 
Philippines to investigate the plant growth promotion and plant protection effect of radiation 
processed polysaccharides in a variety of crops under different environmental conditions [17]. The 
results of these studies have clearly shown that, radiation processed polysaccharides, even at very 
low concentrations of few tens of ppm, are very effective for use as plant growth promoter. This 
application offers tremendous opportunity to use them as highly effective organic fertilizers. Their 
biodegradability will be an additional advantage of using such materials as plant growth promoter. 
In Vietnam, three such formulations have already been commercialized namely, Olicide, Gold Rice 
(chitosan based) and TID (alginate based). 

1.2.1.4. Other applications 
Precise control over carrier life-time is an essential factor in meeting the ever-increasing market 

expectations for power semiconductor device performance. Diodes and thyristors, in all power 
categories, which did not have the required switching and release times after diffusion, can be 
properly adjusted by irradiation, thus, saving them from rejection [18]. Proper adjustment of the 
switching time in the case of high-power bipolar semiconductor devices [19] gives remarkable 
electricity savings during operation of controlled devices, e.g. electrical engines. Radiation induced 
colour enhancement of precious and semi-precious stones [20] is another lucrative application and 
EB irradiation of diamonds has been a popular practice amongst others. Deep colouration of certain 
gems, such as blue tourmaline and dark green emerald, has been introduced with a judicious 
combination of heat and radiation. 

Radiation sterilization of medical products is a well-established technique [21] and its features 
are well established [22], Gamma source [23] or electron beam [24] based service plants are in 
commercial operation in several countries. Process control and dosimetry are important aspects in 
these applications [25]. 

The acceptance of the use of radiation hygienisation of food products varies throughout the 
world. In the USA, there seems to be greater public acceptance of food irradiation and related 
industry support. However, other regions, such as the European Union [26], seem reluctant to adopt 
some well-accepted practices of radiation treatment of certain food items, such as spices, even 
though elsewhere, e.g. in North America, such irradiated products are in common use [27]. 
Industrial plants for food products irradiation, for processing mostly spices, is being operated in 
Poland (EB machine) [28] and in India (gamma plant). Decontamination of other products like 
meat-lyophilised products has been investigated as well [29]. The implementation of food irradiation 
must be accompanied by the services of an appropriate analytical control laboratory [30]. 

There are many more applications apart from numerous potential ones. The present coverage is 
not intended to be exhaustive. 
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1.3. Environmental applications 
1.3.1. Wastewater and sludge 
Much work has been performed concerning application of radiation technology for treating 

wastewater to render it innocuous for discharge/disposal. The plant for urban sewage sludge 
hygienization, furnished with 180kCi cobalt-60 gamma source, is in regular operation in India [31]. 
Electron accelerator can be used for dewatered sludge treatment as well [32]. The pilot plant for dye 
factory wastewater treatment equipped with an electron accelerator has been constructed in South 
Korea [33], while an industrial project aiming at the treatment of 10,000 cubic meters of effluent per 
day is in progress. 

1.3.2. Flue gases 
The electron beam technology for flue gas treatment was developed by Machi and Tokunaga 

[10] in the early 80s. Later on, this process was investigated in pilot scale in the USA, Germany, 
Japan and Poland. Research on the pilot plant in Kaweczyn (20,000cubic meters of flue gas per 
hour, two accelerators; 50 kW, 700keV each) was carried out. IAEA-JAER-NEK has commissioned 
another pilot plant (flow 10,000 cubic meters per hour; 3x30 kW, 800keV) in Bulgaria to treat high 
humidity, high SOx gases from combustion of low-grade lignite. 

The electron beam flue gas treatment plants are operating in the coal-fired plants in China and 
Poland [34]. The power of accelerators installed at the Polish plant is greater than 1 MW and it is the 
largest irradiation facility at present. The high efficiency of SOx and NOx removal was achieved 
and by-product is a high quality fertilizer. The advantage of this technology over conventional ones 
has been clearly demonstrated from both the technical and the economical points of view. Further 
implementation depends on the development and construction of reliable, high power accelerator 
with short maintenance time requirements. The other promising application of the technology is for 
treatment of harmful volatile organic compounds (VOC), e.g. flue gas purification in municipal 
waste incinerator plants [35, 36]. 

1.4. Radiation Processing Technology Development and Know-how Transfer 
The Agency is contributing to the development of the radiation processing technology, currently 

through the following coordinated research projects (CRPs). 
» Radiation synthesis of stimuli-responsive membranes, hydrogels and adsorbents for 

separation purposes (2001-2004) 
® Controlling of degradation effects in radiation processing of polymers (2003-2006) 
« Remediation of polluted waters and wastewater by radiation processing (2002-2006) 
» EB treatment of organic pollutants contained in gaseous streams (proposed to commence by 

end of 2004) 

IAEA plays a very important role in facilitating technology transfer and the Agency had 
supported establishment or upgrading of 80 industrial gamma irradiators in operation all over the 
world. The radiation processing facilities in different countries such as JAERI, Takasaki, Japan; 
INCT, Warsaw; Poland, MINT, Kuala Lumpur; Malaysia, BARC/BRIT, Mumbai, India; IPEN, Sao 
Paulo, Brazil; KAERI, Tajeon, ROK; YRPC, Yazd, Iran; NRCT, Cairo, Egypt etc. play an important 
role in the radiation technology development through contribution to R&D, hosting fellowship 
trainees and providing experts. 

2. APPLICATIONS OF RADIOTRACERS AND SEALED SOURCES FOR 
INDUSTRIAL PROCESS MONITORING 
The radiotracers . and gamma sealed sources have been used as diagnostic tools in various 

industrial sectors. Their role in investigating industrial problems has been expanding both in routine 
testing and process optimisation. The technology has been applied to achieve better monitoring and 
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control of production plants/processes, to improve the structure and efficiency of the processes and 
plants, to enhance product quality and to check/verify the information obtained by other methods. 
Consequently, it contributes to productivity, energy saving and/or reducing pollution. 

The technical, economical and environmental benefits have been well demonstrated and 
recognized by the industrial and environmental sectors. Economic benefits of the use of radiotracers 
and sealed sources in industry all over the world are annually estimated around several hundred 
million $US. They are derived, thanks to effective, timely trouble-shooting achieved, in the form of 
savings associated with plant shut-down minimization and loss prevention, and process optimisation 
in the form of performance improvement either in throughput or in product quality. 

In a tracer technique application, a radioactive material in a suitable physico-chemical form, 
similar to that of the process material, is injected at the inlet of the system and its transport is 
monitored at selected locations along the process system using radiation detectors. The tracer 
concentration recorded at various locations is analysed to draw information about the hydrodynamic 
behaviour of the system and malfunction. The tracer techniques are used for residence time 
distribution measurements, leak detection, flow rate measurement, mixing and blending studies. The 
sealed source technique can often provide insights into plant problems, which are just as valuable as 
those provided by radiotracer methods. Penetrating radiations from the source capsules are directed 
at the vessel or material of interest, and, by measuring the transmitted or scattered radiation, it is 
possible to draw information about the vessel and its contents. [37-40]. 

The gamma-ray transmission technique for distillation column scanning is one of the most 
frequently using sealed source techniques. The number of inspections carried out per year is not 
known precisely, but it is certainly in excess of 5,000 worldwide. The universal acceptance of this 
technology is regarded as one of the triumphs of applied radioisotope technology. Portable neutron 
back-scatter gauges are also widely used in industry. Their main use is the measurement of levels 
and interfaces inside process vessels, but there are a number of other useful applications such as 
moisture measurement and elemental analysis. 

The know-how of mature and competitive techniques has been transferred to many developing 
Member States through the technical cooperation projects of the IAEA. The Agency is also 
contributing to the development of this technology through the following coordinated research 
projects. 

• Industrial process gamma tomography (2003-2006) 
• Validation of tracers and software for inter-well investigations (2004-2008) 
2.1. Integration of CFD and RTD 
At present, two methods are used for investigation of industrial complex processes. These are 

tracer assisted Residence Time Distribution (RTD), which is an experimental technique for 
systematic compartment analysis, and Computational Fluid Dynamics (CFD) simulation, which is 
based on finite element numerical techniques. Experimental RTD tracing is reasonably simple and 
reliable. It provides various important hydrodynamic parameters, but it is not able to visualize the 
flow pattern inside the flow containment. The numerical simulation of industrial processes through 
CFD method is a relatively new approach and more powerful for process visualization. The CFD 
simulation provides nice spatial pictures of concentration and flow fields and velocity maps. It gives 
additional insight into the process, but provides only qualitative results, if the CFD calculation 
cannot be experimentally verified. This is the reason why CFD models have to be verified and 
validated by experimental tracer RTD results. An integrated methodology for radiotracer and fluid 
dynamics modeling in investigation of engineering processes, selected from chemical and 
petrochemical industries, energy production, mineral ore processing and waste water treatment 
sectors, was developed and demonstrated though this Coordinated Research Project. 
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2.2. Industrial Process Tomography 
Computed tomography scanning and imaging technology developed for industrial process 

investigation is called "Industrial Process Tomography." This technique is used for diagnosing 
industrial multiphase process units. Multiphase reactor technology contributes over 650 billion dollars 
to the US economy alone and is the basis of petroleum refining, synthesis gas conversion to fuels and 
chemicals, bulk commodity chemicals production, manufacture of specialty chemicals and polymers, 
and conversion of undesired products into recyclable materials. 

In process engineering, both gamma transmission and emission tomography are used for the 
inspection of packed columns, bubble-columns, multiphase flows, fluidized beds and porous media. 
The technology is still evolving, but it has the potential for enabling great improvements in 
efficiency and safety in multiphase process industries. Single particle tracking technique has been 
under development, in particular to investigate fluidized bed reactors. 

2.3. Radiotracer applications for oil reservoir evaluation 
Radiotracer technology has become an integrated part of multi-disciplinary investigation in oil 

fields for oil reservoir evaluation. Radiotracer applications can be found in almost any stage of the oil 
field development. Inter-well tracer test is an important reservoir-engineering tool for secondary and 
tertiary recovery of oil. Most of the oil fields in many developing countries are in the stage of 
secondary recovery. 

The main purpose of inter-well tracer tests in oil is to monitor qualitatively and quantitatively the 
fluid connections between injection and production wells and to map the flow field. Tracer is added 
into injection fluid via an injection well and observed in the surrounding production wells. Tracer 
response is then used to describe the flow pattern and get better understanding of the reservoir. This 
important knowledge helps to optimize the oil recovery. Radioactive tracers have been playing the 
major role in inter-well tests because of their advantages such as high sensitivity, stability and 
selectivity. Most of the information given by the tracer response curves cannot be obtained by 
means of other techniques. 

Inter-well tracer test is also used in geothermal reservoirs to get better understanding of reservoir 
geology and to optimize production and re-injection program. High temperature geothermal 
resources are normally used for power generation, while medium and low temperature reservoirs are 
developed for domestic use, such as room heating and warm water supply. 

3. ADVANCES IN INDUSTRIAL RADIOGRAPHY 
Non-destructive Testing (NDT) is an essential element of Quality Assurance in various 

industrial systems and manufactured products [40]. The development of procedures and training 
material for advanced NDT methods is the main goal in NDT field. The assessment of the state-of-
the-art developments, both in theory and practice, will provide powerful capability in NDT 
techniques and applications. Harmonization of training and certification of NDT personnel at the 
regional and international levels will continue to be an important goal of Agency's pursuits. Apart 
from well-established NDT protocols for industrial components, machinery and oil pipelines, new 
applications such as examining concrete structures and corrosion and deposits in pipes, are being 
developed through CRPs. The Agency is currently pursuing a CRP on 'Corrosion and deposit 
determination in large diameter pipes, with and without insulation, by radiography testing (2002-
2005). Many Member States have established NDT infrastructure and manpower training 
programmes with Agency's support, while many national nuclear centers in Member States have 
NDT programmes and derive benefit from Agency support and coordination. 

New developments in the field of industrial digital radiography (DIR) open the opportunity to 
bring about harmonization of standards on upcoming technologies. New development in the field of 
Digital Industrial Radiography (DIR) is related to the progress in radiation detectors and data 
acquisition systems. The images are digitised and assessed using computers. It offers advantages of 
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an on-line radioscopic test with high sensibility and resolution. Apart from the well-established 
NDT techniques, digital radiography improves the quality, accuracy, reliability and speed of 
inspection in on-line industrial processes. This new method has to be tested and validated for 
different applications. Assessing the feasibility of affordable digital radiography for on-line NDT 
inspection, formulating software for digitisation and compare the performance of various digital 
systems and designing prototypes of simple digital radiographs for on-line industrial NDT 
inspection (which can be transferred to developing countries), are among the Agency's activities in 
this field. 

CONCLUSION 
The programmes of IAEA typically follow the most relevant developments in the field of 

industrial applications of radioisotopes and radiation technology and are mainly oriented towards 
healthcare improvement, industrial productivity & safety, environment protection apart from 
contributing to the economic development of the developing Member States. The Agency facilitates 
review of recent trends in the technology development and receives recommendations regarding 
priorities and implementation, from consultants, experts, and through conclusions of technical 
meetings and conferences. Many Member States avail Agency assistance in these areas through 
National/Regional TC projects. Coordinated Research Projects (CRP) and Technical Cooperation 
Projects play the most important role in the technology development and transfer to the developing 
countries, respectively. Training courses, fellowships, scientific visits and expert missions lead to 
creation of skilled manpower/expertise in Member States and offer a platform for international 
collaboration among the Member States. The contribution of International Atomic Energy Agency 
in the fields of radioisotope and radiation technology applications is thus considerable, with many 
success stories on record. 
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FUTURE TECHNOLOGY CHALLENGES IN NONPROLIFERATION 
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Lawrence Livermore National Laboratory, Livermore, USA 

UZ0703327 

INTRODUCTION 
The proliferation of nuclear, chemical, and biological weapons (collectively known as weapons 

of mass destruction, or WMD) and the potential acquisition and use of WMD against the world by 
terrorists are extremely serious threats to international security. 

These threats are complex and interrelated. Because of the complexity of this threat, no single 
technology can solve the WMD proliferation and terrorism problem. Radiation detection 
technologies are an important tool in the prevention of proliferation. A variety of new developments 
have enabled enhanced performance in terms of energy resolution, spatial resolution, predictive 
modeling and simulation, active interrogation, and ease of operation. 

The Radiation Detection Center (RDC) at Lawrence Livermore National Laboratory (LLNL) 
continues to adapt radiation detection devices for national security needs. The RDC's mission is to 
provide a focal point for radiation detection activities across LLNL, bringing together the LLNL 
community of radiation detection specialists and thereby creating a center of excellence in radiation 
detection at LLNL. 

The RDC's primary focus is the detection, identification, and analysis of nuclear materials and 
weapons. Specifically, the RDC: 

• Fosters the development and support of innovative radiation detection techniques. 
® Serves as an institutional resource in radiation detection for LLNL. 
• Provides special facilities for instrument development and experiments. 
• Trains individuals in the use of radiation detection equipment and protocols. 

Imaging Detectors: One of the challenges facing nuclear researchers today is developing 
smarter detection systems that distinguish between radiation emissions from background and 
legitimate sources and those from threatening sources. Advances in detection are being made in 
semiconductor-based,. gamma-ray imaging systems. These imagers use increased sensitivity and 
spatial resolution to detect weak radioactive sources that would otherwise be masked by background 
gamma-ray emissions. Gamma-ray imagers are particularly useful when searching for lost, stolen, or 
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