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Abstract: Great technical and economical benefits can be obtained by applying radioisotope
technologies 'Lo various industries. The International Atomic Energy Agency (LAEA) has
contributed to the development of radiotracer and sealed source technology as applied to
industry and environment through coordinated research projects (CRPs). The mature and
,,Competitive techniques have been transferred and implemented to developing countries
Through the Agency's technical co-operation TQ pojects. The paper presents the main
achievements in radiotracer ad sealed source technology promoted by the LkEA as well as
the perspective of the technology transfer to developing countries.

i. INTRODUCTION

Radioisotope technologies, as radiotfacers and radioisotope sealed sources, have been
widely used i various industries to optimize processes, solve problems, improve product
quality, save energy and reduce pollution release. Their technical, economical and
environmental benefits have been well demonstrated and recognized by industry ad
environmental sector.

Rp4iotfacel i a uique too] in many cases for extraction valuable
information about industrial processes, thereby contributing significantly to improving their
performance. Radiotracers have distinctive advantages for providing reliable data, which
z�annot be obtained by any other techniquc.

Economic benefits of the use of radiotracers and sealed sources in industry an over the
world are anually estimated around several hundred million $US and are derived fi-orn:

Troubleshooting: in te form of savings associated with plant shutdown minimization ad
loss prevention.

Process optimization: in the form of that performance improvement either in throughput or
in product quality.

2. COORDINATED RESEARCH PROJECTS

The Agency supports research mainly through CPs wich bring together research
institutes in both developing and developed countries to collaborate on the research topic of
interest. ne research that is supported courages the acquisition and dissemination of new
knowledge and technology generated through the use of nuclear technologies and isotopic
techniques in the various fields of work covered by the Agency's mandate. The agency
organized following CRPs during last severa. years in the field of tracer and sealed source
application i industry.

2.1. CRP on Nuclear Methods in Monitoring Wear and Corrosion in Industry (1992-
1996)

Thin Layer Activation (TLA) method has been developed and applied in routine service
for monitoring wear, erosion and corrosion in a wide ange of process idustries. TLA is of
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considerable advantage for continuous monitoring of corrosion in pressure vessels, reactors
and digesters where electrochemical methods do not work well, and where there may exist
potential hazards if intrusive probes are used. The major TLA applications are:
* In pulp and paper industry for orrosion monitoring of pulp making digesters,
* In petrochemical industry for lifetime estimation of pipelines and heat exchangers,
* In hydroelectric power industry for monitoring of abrasiveness of volcanic ash laden water to
the wear of turbine blade of generator,
o In mechanical and car industries for piston ring wear in engines, wear of railway rails, testing
of lubricant oils, wear of cutting edges of turning tools and bearing ball.

TLA method consists of three parts: lbelling or "activation" by iradiation of the coupon
in cyclotron or tandem accelerator, installation of the activated coupon in the processing line,
measurement of the radioactivity and its interpretation. There were calculated the TLA
profiles for major activation reactions induced by protons, deutrons, He-3 and alpha particles
with energy up to 30 MeV for many elements ad alloys.

The CRP contributed to better understanding of TLA method and to development of new
measuring and application techniques. 'Me techniques and expertise developed under the CRP
have been implementing in some developing countries. The TECDOC-924 "Me thin layer
activation method and its applications in industry" was issued in 1997.

2.2. CRP on Radiotracer Technology for Engineering Unit Operation Studies and Unit
Process Optimization 1997-2000)

The basic radiotracer methodology consists of accurate formulation of the experimenta
residence time distribution (RTD) curve and its utilization for system analysis. The technique
deals with tools to prepare appropriate radiotracers, inject them properly, measure the
radioactivity accurately, treat data with specific software, and extract the maximum of
information about the process under investigation.

'Me major objective of the CRP was the establishment of RTD as a standard tool for
tracer investigation of industrial processes. Under the frame of the CRP, demonstrative and
didactic experiments were uadertaken in ajor industrial processes: fluidized bed, sugar
crystallizer, trickled bed reactor, cement rotary kiln, floatation cell, grinding mill, incinerator,
wastewater treatment unit, and inter-well communications in oil fields, to validate the RTD
software and protocols.

Two RTD softwares have been validated and distributed to thirty tracer groups in
developing countries. Using these standard software tracer groups can extract more
information about the process insight for better designing and optimizing the processing units.
The CRP result was published as the 4-EA-TECDOC-1262, Radiotracer technology as
applied to industry", in 200 1.

2.3. CRP on Integration of RTD Tracing with CFD Simulation for Industrial Process
Visualization and Optimization (2001-2003)

Both tracer RTD experiments and computational fluid dynamics (CFD) simulations
have been used for investigation of industrial systems. 'Me RD tracing is simple and
provides global hydrodynamic parameters, but it is not able to localize and visualize flow
pattern inside the systems. The CFD simulation is more powerful for visualization of the
inside of a process. However, the CFD is a predictive analysis and due to lack of experimental
data it can provide mainly qualitative results. This is the reason why CFD models have to be
validated by tracer RTD experimental results.

CFD simulations together with tracer RTD experiments were carried out for various real
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industrial processes . including wastewater:'photo-reactor, ohmic heater, sugar crystallizer, jet
mixer, stiffed tank, porous media, hydro-cyclone, wastewater clarifier. In some cases there has
been a reasonable agreement between experiment (RTD) and modeling (CFD), but in other
more complex situations there are still discre pancies. his may, in part, be due to inadequate
Lurbulence models and/or numerical dispersion in the CFD calculations. This brings up the
question of the predictive power of the CFD-models at te present stage. The adoption of the
CFD codes according to concrete case studies is a continuous process that comes with time
and experience. When these problems are solved, it would be expected that the CFD
simulations would become more accurate and, therefore, even more important for industrial
process research and development. In particular, the visualization and fundamental
understanding of the processes in o lex industrial processing units through CFD
simulations will greatly benefit the tracer community and processing industry as a whole.

The lack of CFD knowledge and inexperience of using CFD codes might limit the
capability of exploring the use of CFD simulations. Therefore a CFD & RTD Educational
Package with lecture notes, tutorials, and both CFD and RTD software thyough a user-friendly
web-based interface as been developed as an output of the CRP through the cooperation of
the participants. The CRP participants recommended the Agency to follow up the progress
made by starting a new CRP on the use of radiotracers and modeling for the investigation of
multi-phase flow. A TECDOC on integrated RTD-CFD methods is under preparation.

2.4 CRP on Industrial Process Gamma Tomography 2003-2006)

'Me emission tomography is more advanced step in R&D radiotracer methodology-
The real time radiotracer imaging technique for flow pattern visualisation inside vessels is
important for investigating multiphase flow systems. Idustrial process imaging is quite
similar to diagnostic nuclear medicine imaging. Single Poton Emission Computed
Tomography (SPECT) method is introduced in laboratory scale. two-dimensional imaging
with a gamma camera is also an attractive technique i development. Single particle tracking
technique has been developing, in particular to investigate fluidized bed reactors.

The emission tomography provides two-dimensional maps of the count rates which,
when properly interpreted, yield the radiotracer instantaneous concentration field, Coupled
with single radioactive particle tracking, which yields the velocity field, te techniques
complement each other and rovide unique means for quantification of multiphase flow
fields, which cannot be accomplished by ay other means. The validation of radiotracer-
imaging techniques for visualization of fluid patterns inside structures for industrial process
design and optimisation is the main objective of the CRP.

'Me multipbase flow systems, vastly used in industrial production of polymers, minerals,
pharmaceuticals, food and feed are the major targets of computer tomography (CT). Currently,
the system design is very conservative due to the lack of understanding of flow patterns and
phase distributions in processing vessels, and causes sub-optimal operation of industrial units.
Gamma tomographic techniques provide a good spatial resolution ad are well adapted to
harsh environments of many industrial processes. The process units could be designed and
operated more efficiently base on the information obtained by CT, and considerable savings in
capital expenditures and in operating costs would result.

The first Research Co-ordination Meeting (RCM) of the CRP convened in Vienna in June
2003 put together experts fi-om developed and developing countries to formulate and validate
simple practical CT methods for obtaining reliable quantitative information about multiphase
flows in industrial process vessels in order to improve and optimize their design and operating
efficiency.

103



2.5. CRY on Validation of Tracers and Software for Inter-well nvestigations (2004-

2007)

Radiotracer technology has become 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. In many operations, the application of radiotracer technology is
indispensable and irreplaceable.

There is a growing consensus that research in oil reservoir technology needs to be
increased i the future due to progressing difficulties in recovering remaining oil as the oil
reservoirs grow mature and enter into te tail production. There is also a growing interest in
developing smaller oil fields, which will not be economically feasible with traditional
technology. Petroleum reservoirs are complex structures, and tracers help unambiguously in
narrowing down interpretation possibilities.

The CRP aims to further develop and refine radiotracer methodology for oil reservoir
evaluation: to prepare, test and valiidate new tracers, analysis and field operation techniques,
as well as to iprove modeling and interpretation of tracer data. The research in tracer
methodology as applied to oil field production is becoming more transparent now due to the
need for new ideas and improved techniques for optimizing oil recovery from more and more
complex reservoir situations. In this context, the CRP may play an important role to co-
ordinate the knowledge generation in this field, to guarantee the continuity of the technology.
For the effective transfer of the technology to developing countries, the target techniques will
be consolidated, developed further and validated though this CRP activities. Technical
documents will be also prepared to facilitate the up-gradation of the capability of tracer
groups in developing countries. The first RCM is planned to be held in Vienna in September
2004.

3. TECHNICAL MEETINGS AND IAEA PUBLICATIONS

The Agency programme in R&D on radioisotope applications is a product of all te
scientific community involved in developments and applications of the technology. Thus, the
Agency's vision for the future, the medium and long term strategic papers and the CRP
projects are results of many technical meetings and network cooperation of experts, groups
and institutions from developed and developing countries.

Presently, there is a lively activity in further development and use of radioisotope
technology. 'Me development in tracer technology is concentrated on various topics including
improvement in hardware and software as well as in introducing innovative technologies. A
number of meetings of different kinds were held to discuss and prepare technical documents
on specific subjects of radiotracer technology. The most important meetings are:
• Consultants' Meeting on "Technical Report Series: Radiotracers' and Sealed Sources'

Applications in Industry" (July 2000)
• Consultants' Meeting on Radiometric Cross-correlation Techniques for Flow Rate

Measurement in Multi-phase SysternsP(October 2001)
• Technical Committee Meeting on "R&D in Radiotracer and NCS Technologies" (June

2002)
• Consultants' Meeting on "Preparation of a Technical Report on Radiotracer Applications

in Oil Fields" (April 2003)
• Consultants' Meeting on "Preparation of a Technical Document on Low Activity

Nucleonic Gauges Design and Applications and New Radiotracers (May 2003)
• Consultants' Meeting on "Preparation of a Technical Document on Radiotracers and

Labeling Compounds for applications in industry and environment" (June 2004)
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The results of the meetings were published as the meeting reports.� hi addition to the
publications mentioned above, the agency produced several other technical publications, such
as technical reports, brochures and manual dealing with tracer ad sealed source technology.

Computer Manual Series No. I 1, Residence Time Distribution Software Analysis, UkEA,

1996
Technical Report Series No. 393, Nuclear Geophysics and its applications, LAEA, 1999
IAEA Brochure, Radioisotope applications for troubleshooting and optimising industrial
processes, March 2002
IAEA Brochure, Tracer Applications in oil field investigations, February 2003

In addition to them te technical Report Series on "Radiotracer Applications in
Industrial Processing, Oil Geothermal Reservoirs - A Guidebook" is now under
preparation and will be issued soon. The Guidebook seeks to inform both the radiotracer
specialists and non-specialist readers about applications and impacts of radiotracer technology
in modem industry. This monograph can be used as an introduction text of tracer
methodology in university curriculum of chemical engineering, engineering processing, oil
and gas reservoir engineering faculties.

4. TRANSFER OF TRACER TECHNOLOGY TO DEVELOPING COUNTRIES

Transfer of nuclear technology to developing Member States is one of the most
important activities of LkEA. The major radiotracer and sealed source techniques have been
transferred to developing countries through regional and national activities of the Agency's
technical cooperation projects. 'Me activities include the provision of training courses,
workshops, experts' services, fellowship trainings, scientific visits, equipments and
radiotracers. The main aim of the TC projects is to strengthen the capability of the tracer
groups and to enhance the awareness of the end-users in developing countries. The main
target end-users are petrochemical industry, mineral industry, oil production industry and
wastewater treatment sector. Following factors are important to assure the successful transfer
of technology:
• Existing infrastructure in the recipient country,

• Identified end-user for the transferred technology,
• Interaction between end-user, national tracer group, IAEA and the technology provider,

• Clearly defined goals, objectives and milestones for the transfer,
• Back-up for the transferred technology after the transfer.

The LkENs developing Member States are at different stages of these factors. Due to
the differences, in some of them radiotracer applications are still being promoted. In others,
they are at the stage of limited application while in a few countries some radiotracer
techniques are well established. It should be emphasized that IAEA regional projects (RCA
and ARCAL) have had a strong impact in the development of such techniques.

5. ISSUES FOR FRTHER DEVELOPMENT

Through the efforts of member countries and te AEA activities mentioned above,
substantial development of industrial radiotracers and sealed sources applications has been
achieved and many important applications have been transferred to developing countries.
Some emerging tracer techniques, such as TLA and CFD/RTD, were refined and validated
through the CRPs and several other technical issues on tracer technology were discussed at
experts meetings. Many national tacer groups were established in developing countries and a
number of IAEA technical cooperation activities have been executed to strengthen their
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capability and to inform the technical and economical benefits of tracer technology to their
industry.

Further efforts to develop new techniques have to be continued to meet more
sophisticated industrial needs and to enlarge the technology applications in various modem
industries. 'Me activities for technology transfer also have to be strengthened to help more
developing countries to establish their tracer groups and to support existing tracer groups to
strengthen their capabilities for more tracer application in their industry.

Presently, there are some obstacles to the further development and smooth transfer of
radiotracer technology. Poor availability of tracer is one of the greatest barriers to the
application of radioactive tracer techniques in industry in developing countries. Even in
countries that possess radioisotope production facilities, the facilities are often dedicated to
medical radioisotope production, and the production of radioisotopes for industrial tracing is
not a pority. For the countries that do not possess radioisotope production facilities, the
situation is even worse since it is necessary to import the tracers. Even though, the tracer
groups have equipment, technique and manpower, many urgent applications are simply not
being carried out because of this problem.

Technologically, radiotracer technology is very attractive one, but in real experiments it
is often very difficult to conduct and to get reliable results, especially in harsh conditions in
industry. It is more difficult in developing countries, where the equipments are insufficient,
not reliable, old style (manual and non-remote operation), heavy and bulky.

Though the technical and economical benefits of radiotracers application are often very
large and many industrial engineers are now aware of it, but it is not always easy for them to
convince their decision-making managers, mainly due to insufficient information on the
radioisotope technology, and many other potential end users are t not aware of tracer
technology and its benefits.

Because of these difficulties radiotracer technology is greatly under-utilized, especially
in developing countries. Therefore, to assure continuous development of tracer technology
and wider application of the technology in industry all over the world, it is crucial and quite
urgent to solve these problems. Communal efforts of radiotracer society to remove the
obstacles should be exerted trough international cooperation and sharing of expertise. The
Agency can also play an important role through CRPs and TC projects to deal with the issues.
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