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SUMMARY. Considerable progress has already been made in promoting the industrial
applications of radioisotopes both in developed and developing countries. The economic
benefits of the technology have been amply demonstrated. There is now a need to upgrade
the capability of radiotracing and radiogauging groups in developing countries, to
consolidate and systematize existing know-how, and to promote research and development to
extend further the capabilities of the radiotracer and Nucleonic Control Systems (NCS)
technologies.
The chief objectives of further cooperation should be:
-to further develop and refine radiotracer and NCS methodologies, new radiotracer and sealed
sources, data processing and interpretation with special reference to complex industrial
processes;
-to develop, test and intercompare standard software packages for tracer data processing and
modeling and for design and calibration of nucleonic gauges,
-to provide relevant information packages and technical guidelines which may be readily
disseminated among developing countries to promote wider use of the technologies and to
facilitate their use by the industrial end users.

1.INTRODUCTION

Radiotracers and nucleonic gauges first
began to be used in industry some forty
years ago. Since then, there has been a
continuous expansion in their usage so
that, today, teams around the world are
actively promoting and developing both
the theory and the practice of tracing and
gauging methods.
The success of radioisotope applications is
due primarily to the ability, conferred by
the unique properties of radioactive
materials, to collect data which cannot be
obtained by other investigative techniques.
The cost effectiveness of radiotracer
applications should be widely promulgated
to encourage industrialists to take full
advantage of the technology. Probably, an
average benefit to cost ratio of 20:1 is
reasonably representative. There are few
short-term investments which will give a
return of this magnitude (1).
Nucleonic gauges or Nucleonic Control
Systems (NCS) have been widely used in
developed countries by industry to

improve the quality of product, optimize
and improve regulation of the process,
save energy and materials. It is
considered (2) that NCS technology is by
far the most requested among other
nuclear techniques which have been used
in the industries of developed countries.
Their economic benefits have been
demonstrated and recognized by industry.
The paper reviews the current status and
trends of cooperation on radiotracer and
NCS technologies, pointing out that there
was an extremely strong case, on
economical, social and technical grounds
for a further research and development in
the field of the industrial application of
these advanced and competitive
technologies.

2 . RADIOTRACER TECHNOLOGY
AND METHODOLOGY

2.1 State of the art
Radiotracer methodology, generally
comprises four interrelated aspects of the
application, namely: experimental design,
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data acquisition, data treatment and data
interpretation. The sophisticated modeling
capability, which is now available to many
radiotracer groups, is fundamentally
changing the way radiotracers are being
applied to industrial and environmental
problems, focusing on their verification
role to computational modeling for solving
industrial problems.
There has been a significant improvement
in radiotracer methodology and technology
covering design of experiment; selection of
appropriate radiotracer, injection method,
and digital data acquisition techniques.
The theory of residence time distribution
(RTD) is considered to be developed and
in almost all applications this methodology
is used to obtain necessary information.
Some specific areas needing mention are:
-digital data acquisition systems coupled
with PC for data processing and
visualization;
-a number of radioisotope generators for
radiotracer tests in remote areas or in
countries where there is no nuclear reactor;
-combination of radiotracers tests with
measurements carried out by sealed
sources to get more technological
information;
-growing interest in flow-pattern
recognition (emission and absorption
tomography) using gamma camera or
multiple counter systems.

2.2 Trends
In detail, trends can be found in the
different aspects of radiotracer
applications.
hi the field of methodology, developments
are related on the one hand to a research
and development activity for localization
and visualization of flow, and on the other
hand to the determination of the sensitive
volume of a detector (data acquisition,
modeling, prediction). This work will
greatly enhance the method from a scaling-
up point of view, the long term aim being
the development of an expert system and
for the interpretation of data.
Concerning hardware and experiment
implementation, development of injector

technology is important, for reasons of
performance (shorter injection pulses of
gas, liquid and solid) and for safety
(remote injection systems).
In the field of data acquisition and data
processing, including deconvolution, the
trend is to make use of commercial
hardware and software developments
throughout the world (new generation of
computers, very efficient mathematical and
data acquisition commercial software).
Data interpretation and flow monitoring
can be considered at different levels of
complexity, according to what is requested
by the end-user. The first step is temporal
moment analysis of the RTD. The trend is
to use and customize available software.
The second step is to interpret curve shape
either by peak decomposition (from a
chromatographic or a spectroscopic point
of view) or either by chemical engineering
system analysis (different arrangements of
plug flow and perfect mixers). The trend
here is also to make use of software
developments, especially of commercial
software. The next step is the use of more
complex flow structure modeling in the
framework of RTD (IAEA Computer
Manual Series 11) (3). The final step is
the combination of tracer data with
computer fluid dynamics (CFD), in order
to make use of the tremendous
mathematical development in this field in
describing more precisely flow structure
and flow to visualization (Finite element
methods).

2.3 Target application areas
The IAEA "Guidebook on Radioisotope
Tracers in Industry" (Vienna, 1990) (4)
discussed radiotracer applications in
twelve industrial sectors which were
believed to be potential growth areas for
radiotracer applications.
It is timely to review that expectation.
Although radiotracers are applied widely
across a broad industrial spectrum it is fair
to comment that growth has been
demonstrated, primarily, in four main
sectors: Petroleum, Petrochemicals,
Minerals Processing and Waste-Water



Treatment. Petroleum, Petrochemicals and
Minerals Processing units are widespread
throughout the developed and the
developing world. Generally, the operating
units are large-scale and continuously
operating. There are huge financial
penalties associated with unscheduled
shut-downs. The benefits conferred by
radiotracer technology in terms of on-line
fault diagnosis and process optimization
are very large indeed and the incentive for
these industries to apply the technology is
clear.
The incentives in the case of Waste-Water
treatment plants are somewhat different.
Though it is undoubtedly true that there are
financial benefits associated with the
applications of radiotracer technology on
such units the primary benefit is not
monetary. Rather, it is the improvements
in health, social hygiene and
environmental conservation which are
more important and this is especially
relevant in developing countries.

a. Petroleum Industry
The applications of radiotracer technology
are widespread throughout Oil Refineries
Word-wide and this industry is one of the
main users, and beneficiaries of the
technology.
Economically, the most important
operating unit in a refinery is the Fluidized
Catalytic Cracking Unit (FCCU), the
function of which is to upgrade the
"heavy" components of the oil to gasoline.
Technically, this is also the most complex
unit, involving as it does the interaction of
multiple phases: solid catalyst, vaporized
feedstock steam and air. Because of the
construction and extreme operating
conditions of FCCUs, the only effective
way to study their behavior is through the
application of radioisotope technology.
This, then, is the primary target area for
radioisotope applications in the short to
medium term.

b. Petrochemical Complexes
The Petrochemicals Plant lies immediately
downstream of the Oil Refinery and in

many developing countries, construction of
the two types of facility is proceeding in
parallel. Like refineries, petrochemicals
plants are generally continuously operating
and technically complex. Thus, high
economic benefits may be realized by the
applications of radiotracer techniques on
petrochemicals units. Though radiotracers
are useful in solving a wide range of
problems, the economic benefits become
more pronounced the further "upstream"
they are applied. This means that studies
of the cracking furnace, primary
fractionator and gas separation chain are of
the highest potential value.

c. Minerals Processing
This generic heading covers an enormous
range of industries. Minerals processing
plants, in one form or another are to be
found in practically every country in the
world and in many cases they are major
contributors to national economies.
Though the range of minerals which are
extracted and processed is extremely wide,
there are certain processes found
throughout the industry, such as
Comminution, Classification, Flotation,
Homogenization.
These processes involve two (or in some
cases three) phase flow and are notoriously
difficult to control. Radiotracer technology
is of proven benefit in contributing to the
understanding of these processes and it is
believed that radioisotope applications
may be refined and extended to further
benefit the industry.

d. Waste-water Treatment Plants
As has been stated, the primary
justification for concentrating attention on
this sector is based upon health and
environmental considerations, rather than
purely on economic benefit per se.
Additionally there are opportunities to
extend the technology in terms of
understanding both the macroscopic and
near-field behavior of such systems.
Modeling by CFD together with
radiotracer verification of the models will
be a powerful tool, aiding both the design
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and performance optimization of waste-
water treatment systems.

2.4 Topics for a CRP
The following Coordinated Research
Programme (CRP) is proposed :
"Radiotracer technology for engineering
unit operations studies and unit process
optimization"
The CRP will cover the following topics:
a).Improvement in Radiotracer
Methodology, including:
-Development of new radiotracers.
-Improved systems for tracer injection.
-Evaluation of new radiation detectors.
-Use of sealed source techniques to
provide data complementary to that
obtained from radiotracer studies.
-Development of expert systems.
b).Data Acquisition, Processing and
Evaluation
-Definition and characterization of the
"sensitive detection volume" of radiation
detectors for the proper design of
experiments and the evaluation of the data.
-System analysis through the
decomposition of detector response curves.
-Intercomparison of software for
radiotracer applications.
-Utilization of finite element methods for
flow structure visualization.
-Computational modeling and radiotracer
verification for solving complex industrial
problems.
c). Applications: Formulation of guidelines
for radio tracer studies of complex
processes:
-Fluidized Catalytic Cracking Reactors
-Coke formation and plant malfunction
-Comminution, classification, flotation and
homogenization
-Separation efficiency and particle cut size
in cyclones
-Monitoring the efficiency of waste-water
treatment plants
-Nucleation and growth in crystallizers.

3.NUCLEONIC CONTROL SYSTEMS

3.1. State of the art and trends
There are several hundred thousand of

nucleonic gauges installed in industry all
over the world. The major users in
industry are petroleum and petrochemical
industries, iron and steel plants, mineral
ore and raw materials processing, paper
and plastics sectors.
The NCS are available from several
manufactures; competitiveness obliges
them to continually improve their
equipment using the latest technology but
also not to disclose their know-how. In
many cases, developing countries are
facing difficulty in developing their
capability and experience on NCS.
The emerging new applications of NCS in
industry, focused on multi-beam
interactions with multiphase medium,
have improved on-line performance
(accuracy) minimizing geometrical and
compositional variations.
There is apparently the trend of
introducing low and ultra low radiation
nucleonic gauges especially in mining
industry.
There is trend to recommend procedures
for quality control certification of NCS
according to ISO standards.
The important subjects for the further
cooperation among laboratories from
developed and developing countries are
the optimal design and calibration in
radiogauging, and the quality control
certification according to ISO standards.
Expert systems for the conception and
optimal design of industrial gauges based
on beta, gamma or x-ray, and on fast or
thermal neutrons transmission and
scattering, as well as multibeam and
multienergy gauges for measurement of
parameters of multi-phase systems are
requested. Their aim is to optimize the
different components of a transmission or
scattering gauge (radioactive source,
detector, electronic device, collimator and
shielding), taking into account parameters
and constraints linked to the configuration
(nature and composition of materials,
presence of shields and walls,..), as well
as users requirements (accuracy, counting
time, beam collimation, duration of tests).



At any rate is believed that the emerging
practice in this field is the use of Monte
Carlo simulation for both design and
calibration.

3.2 Topics for a CRP
The following Coordinated Research
Programme (CRP) might be taken in
consideration in the near future:
' Multibeam radiogauging for multi-phase
systems studies'.
This potential CRP may cover the
following topics:
a).Improvement in radiogauging
methodology, including:
. Development of new sealed sources,
.Improved collimating and detection
system,
. Combination of nuclear radiation beams
(neutron-gamma, gamma-gamma, gamma
- x, etc.) and nuclear radiation with other
beams (microwave and infrared),
.Development of experts systems for
optimal design and calibration.
b). Applications: Formulation of
guidelines and software for radiogauging
studies of industrial processes:
. neutron gauges for level and interface
measurement and explosives/landmines
and drugs detection,
. dual X-ray transmission and backscatter
gauge for minimizing the effect of sheet
composition and geometrical variations on
the thickness measurement,
. multi beam X-ray profile gauges and on
line X-ray image processing for pipe
inspection,
.development of nucleonic suspended
sediment concentration gauging,
.case studies from petroleum industry
(off-shore and on-shore), mineral ore
processing, pulp and paper and plastic
industries, pipe, tank and vessels
inspection in petroleum refineries, etc.
.recommendation of procedures for
quality control evaluation and
standardization according to ISO
standards.

4. CONCLUSIONS

a. Over the years, the Agency has invested
heavily in the development and
promulgation of radioisotope applications
in industry. Excellent work has been
carried out in a number of centers and the
high benefit to cost ratio of such
applications is beyond doubt. It is
recommended that the knowledge and
experience which has been gained should
be consolidated and disseminated to IAEA
Member States in a systematic way.
b.The IAEA Coordinated Research
Programme to further the development of
these technologies is fully justified.
To upgrade the capability of radiotracing
and radiogauging groups in developing
countries, to consolidate and systematize
existing know-how, and to promote
research and development to extend further
the capabilities of the technologies, the
following CRPs should be promoted:
-Radiotracer technology for engineering
unit operations studies and unit process
optimization,
-Multi-beam radiogauging for multi-phase
systems studies.
c. The IAEA should provide relevant
information packages and technical
guidelines which may be readily
disseminated among developing countries
to promote wider use of the technology
and to facilitate its use by the industrial
end users.
d. Synergism and close interaction with
connected disciplines: nuclear medicine
and gamma scanning in industry, because
of the requirement of similar tools and
approaches for data processing,
visualization and standardization.
e. The preliminary results of emission and
absorption tomographies are encouraging.
It could be recommended the topics for
future review as potential CRPs when
more information has been accumulated.
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