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1.

INTRODUCTION

The Second Research Coordination Meeting (RCM) of the Coordinated Research Project (CRP)
on radiometric methods for exploration and process optimization in mining and mineral
Industries was held at the headquarters of the International Atomic Energy Agency (IAEA) in
Vienna from April 18-21, 2017. Five research agreement holders from Australia, Norway,
Poland, India, and Republic of Korea provided assistance to the other RCM participants with
their expertise and know-how. The 12 research contract holders from Angola, Brazil, Chile,
Cuba, Czech Republic, Ghana, Malaysia, Morocco, Myanmar, Pakistan, Peru, and Tunisia,
are with recognized experience in radiotracer and nucleonic measurement systems
technologies. Exploration, mining, mineral, and metallurgical (E3M) industries are
invaluable to the progress of modern society and represents the cornerstone for their success.
Role of metals and other raw materials through human history is well known and literatures
dealing with them have become quite extensive. Knowledge pertaining to E3M has evolved
from an art to a science, until the body of scientific knowledge on how each metal can be
extracted and purified. The mining and mineral industries have contributed value-added
services to the economy of many developing and developed countries. Securing a sustainable
supply of raw materials is a key priority for every nation and become increasingly important
to their economy, growth. Recent years have witnessed unprecedented growth in demands for
raw materials worldwide, mainly due to rapid industrialization of emerging economies and
continued material consumption. Over the last century, this has resulted trend to increase the
production factors and resource extraction due to competition for raw materials. A
considerable amount of work has been carried out over the past ten years to develop better
methods to increase productivity and to develop appropriate indicators to monitor processes.
Continued efforts are being undertaken for sustainable use of radiotracer technique for a
variety of complex and closed fluidic systems to improve productivity and deeper analysis of
chemical processes. They offer not only vital information for broader range of process
applications for optimal recovery of the ore and extraction of the desired mineral, but also
helps with troubleshooting, process control and optimization, investigation of flow patterns,
and development and verification of mathematical models.
In order to increase the production rates, exploitation has become more intensive over the
years, which creates a variety of impacts on the environment before, during and after mining
operations. Apart from direct physical impacts of extractive activities, contamination of air,
land and water may also result. Mineral exploration can impact on the environment which
depends on the scale of exploration, equipment used in the exploration. The extent and nature
of impacts can range from minimal to medium and to long-term depending on a range of
factors including the characteristic of the ore; the type of technologies and extraction methods
used in mining. In this context, selection of the right technologies for optimal recovery of the
products within the process environment, their optimization for a particular system,
compliance with statutory regulatory environmental conditions as well as their
implementation viewed as necessities. Use of radiotracer technique allows sizing the
equipment not only for the steady-state, design production rates but also for any dynamic
changes in the process.
Increase in mine operation size has lead toward the increase in mine waste production, water
pollution, as well as energy intensity of mining and extraction operations. Easily accessible,
high-grade ore deposits are becoming less and less available over time. In many cases, high
quality ores have largely been exploited, and ores that require more complex processing
remain. As a consequence, mining operation has to be directed toward lower grade, deeper
and/or more complex ores, which are considerably more difficult and expensive to extract.
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As the world consumption of metals increases and larger lower-grade deposits are mined to
meet demand, sustainable and economic mineral processing will require technological
innovation. The development and implementation of novel instruments to facilitate real-time
monitoring of mining and mineral processing plants for improved control has the potential to
support recovery improvements of the order of 5% across a wide range of commodities. A
wide-spread roll-out of these technologies has the potential to deliver a global economic
benefit of $19Billion annually.
Nucleonic analysis and control systems, radiotracing technologies, and other relevant nuclear
technologies are well suited to the optimization of E3M industries, will remain important in
achieving economic and technical benefit in the future.
OVERALL CRP OBJECTIVE
The overall objective of the CRP is to facilitate further advancement and
implementation of nuclear technologies in exploration, mining, mineral, and metallurgical
industries. Specifically, targets to be addressed will include safety, cost, and availability of
nuclear technologies, as well as knowledge transfer with a particular focus on developing
Member States.
The specific objectives of this CRP are:
1. to facilitate further development of techniques based on neutron generator
technologies for use in E3M
2. to encourage development of new nucleonic control systems to address new raising
needs in E3M
3. to facilitate further development and implementation of radiotracing techniques with
a specific targets on improved methodologies to improve accuracy, efficiency, and
safety
4. to facilitate development of new compact and low cost X-ray techniques for
improved monitoring of complex multiphase/multicomponent systems in nano,
micro, and macro scale
5. to provide a platform for efficient and transparent knowledge transfer among the
Member States
EXPECTED RESEARCH OUTCOMES:
1. Demonstration of nuclear technologies application in E3M fields
2. Expansion of the application range of nuclear technologies in E3M fields
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2.

OPENING OF THE MEETING

The Second Research Co-ordination Meeting on “Radiometric methods for exploration and
process optimization in mining and mineral Industries" was held at the headquarters of the
International Atomic Energy Agency (IAEA) in Vienna from 18-21 April, 2017. Out of
twenty one CRP-holder member states sixteen participants, one each from Angola, Australia,
Brazil, Chile, Cuba, Czech Rep, Ghana, India, Korea, Morocco, Myanmar, Pakistan, Norway,
Peru, Poland and Tunisia participated in the meeting.
Mr. Patrick Brisset, (Technical Officer NAPC-RPRT) and Mr. J. A. Osso (Jr. Section Head
NAPC-RPRT, IAEA) addressed the opening session of the meeting and briefed the
participants about the scope and objectives of the meeting and also tasked participants to
prepare a draft of the final CRP report. Mr. Brisset encouraged participant to prepare their
final country CRP reports to be presented at the last meeting.
Dr Rachad Alami was selected to chair proceedings of the meeting and Dr. Christian Kofi
Dagadu assigned the duty of a rapporteur. Participants then took turns to introduce themselves
after which they adopted the Agenda for the meeting (Appendix 1).
3.

PRESENTATIONS

The meeting participants presented their country reports highlighting the current activities and
projects carried with respect to the work plans of their proposed research topics within the
scope of the CRP. The summary of the country reports is presented in section 4 below.
4.

COUNTRY REPORTS

4.1.ANGOLA
PROJECT: MONITORING OF THAT THE MINING USING RADIOACTIVE TRACERS
Introduction
The knowledge, quantitative mapping and monitoring the sources of our planet are very
important, because water is fundamental to life. Thus, hydrology area, it is necessary the use
of agents that can monitor water flows. In this context, emerged the tracers, which are used
both on the surface level and underground. With these agents incorporated into the water
streams are used direct methods, usually faster, which can be obtained the determination of
original sources of water, or water proof, new tributaries design water flow rates and to
identify sources pollutants.
One of major constraints in mining is the existing of groundwater there. So, before starting of
exploration activity, methods for groundwater extraction ways to facilitate the exploration
work the mines are used. In this process, Radiometric Methods are important for Exploration
and Process Optimization in Mining and Mineral Industries. In this context, the use of
radioactive tracers to monitor the water that is extracted from the mines and launched on the
surface, is a important method that aims to identify whether these waters extracted from the
underground returning to or not.
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Scientific problem to solve
Mining exploration area: Monitor the water that is extracted from the subsoil to the surface
during the mining activity. Identify whether this water returns to the place from which it was
extracted (mine- surface-mine), using radioactive tracers.
General objective
To carry out applied scientific research in the areas of Geosciences using radioactive tracer
techniques in order to help the mining industry in increasing its production.
Specific objectives
Carry out studies that lead to the survey of the main problems that affect the areas of the
mining operation;
Monitor the fate of the waters that feed the Mines;
To study actions of control of the environmental pollution, management of the water
resources.
Methodology
The main method to be used for detecting the radioactive tracer: Liquid Scintillation
Spectrometry (LSC)
The first step: characterization of the study area (Geographical and Geological);
The second step: application of stable isotopes (determination of sources and directions of
flow of water);
The third step: monitoring the water by applying the radioactive tracer;
Team
Project Coordination : National Technological Centre (CTN)
Kabey Rodolfo Mbaz –Tracer technician
Muteb Rumang- Chemical engineer;
Garcia Tovola- Tracer technician ;
Branca Escórcio- Technician in chemistry;
Agna Carvalho- Technician in isotopic hydrology;
Manuel Santos- Geophysical;
Osvaldo Tondela- Geographer.
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MATERIALS & EQUIPMENT
•
•
•
•
•
•
•
•
•

Tri Carb 2910 TR
Hot radioactive fume hood
Lead Transport Kit
Injection pumps
Plastic bottles for collecting and transporting water samples
Kits for distillation
GPS
QGIS Software 2.10.1
Multiparametric 3220

Detailed Work Plan for second year:
Establishment of work plan:( continuation)
Presentation of proposal working for the different case study of exploration companies;
Project implementation in the identified area;
Implementation of research work, and
Results presentation.

Expected Outputs
To solve the main problems that affect the mining areas (the waters that feed Mines);
Minimize environmental pollution and water management used in mining.
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Countdown room with 12,7m2

Tri- Carb model 2910Tr.

Difficulties found
No Budget …
Setting of laboratory: awaiting of stable isotopes laboratory
Calibration of equipment : awaiting for the expert to configure the LSC (Tri-Carb
2910TR)
4.2.AUSTRALIA
CSIRO Nuclear Technologies in Exploration, Mining and Processing
Background
With world consumption of metals increasing and larger, lower-grade ores are being mined to
meet demand, meaning sustainable and economic mineral processing will require
technological innovation. In response to these challenges it is likely that exploration, mining
and mineral processing will become increasingly reliant on advanced sensing technologies for
the improved characterisation of ores that support selective mining and optimisation of downstream processing.
CSIRO is focussed on the development and implementation of transformational technologies
that support the long-term productivity, efficiency and safety of the mining industry. The real
time analysis of key elemental, mineralogical and physical information about ores at all stages
of mining and processing will directly support efficient exploitation of increasingly lower
grade ore deposits. Radiation technologies, being suited to the analysis of bulk materials, have
a key role to play in providing a route to real time analysis.
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CRP Planned Activities
Specific objectives in the first 18 months of the CRP included:
(a) Support the assessment of neutron generator evaluations by other Member States, based
upon CSIRO experience in current neutron generators used in Australia.
(b) Commence a modelling study on the use of neutron generators in the production of
specific activated elements in regard to the future replacement of radioisotope use
(c) Report on the use of neutron generators in the analysis of bulk mineral samples and in-situ
analysis studies by CSIRO.

In the past 16 months of the CRP, advances have been made in (a) and (c). It has not been
possible to commence activity (b) directly, but rather support other member states that plan to
also undertake such developments. Progress is summarised below.
Collaboration with Member States
CSIRO hosted a two-week visit of Mr Jang-Guen Park, Republic of Korea, in early 2016. The
purpose of this exchange was to support Mr Park in their planned future acquisition of a
neutron generator for the in-situ production of radiotracers for use in industry. Mr Park
assessed the CSIRO neutron generator facilities (at Lucas Heights, Sydney) in regard to setup,
shielding, detection and optimisation of the operating cycle.
Also in 2016, CSIRO hosted a brief visit of Mr Rubens Moreira, CDTN, Brazil, at our Lucas
Heights facility near Sydney. Mr Rubens had discussions on their activities in Brazil and
visited current projects at CSIRO.
Bulk Mineral Ore Analysis using Neutron Generators
CSIRO has developed the NITA (neutron inelastic and thermal neutron capture) analyser for
on-line determination of elemental composition of bulk materials on conveyor belts. The
analyser consists of conveyor belt module and control electronics. The belt module houses a
high-energy americium-beryllium (Am-Be) neutron source and multiple high efficiency
gamma-ray detectors in a radiological shield.
In the current CRP program, a laboratory version of NITA (NITALAB), based on a neutron
generator, was assessed for the analysis of bulk ore samples on remote mining sites. CSIRO
has:
•
•
•
•

Designed and built a new neutron facility,
Assembled a system for pulsing neutrons and gathering gammas (using commercial
equipment)
Collected multiple spectra for each of 21 samples from the Anglo Zibulo colliery and
from a Becsa (BHP Billiton Energy Coal South Africa) site
Investigated a number of advanced spectral analysis techniques using a combination of
commercial software and CSIRO-developed algorithms for background stripping
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For this work CSIRO used a Thermo A325 DT neutron generator. The DT generator produces
mono-energetic fast neutrons with about 14MeV energy. The control unit allows the operating
neutron flux and pulsing regimes to be selected. Pulsing the generator in principle allows
separate collection of three datasets, inelastic scatter (NIS), thermal neutron capture (TNC)
and gamma activation (GA) data. Because the neutron flux can be high, the accelerator head
must always be operated in an approved shielding facility. The neutron generator is typically
pulsed at ~1-10 kHz rate with a 10-50% duty cycle (on-time). Fast neutrons rapidly
thermalize (in microseconds). During the on-time pulse gammas can be collected from NIS,
from TNC and from GA. During the off-time gammas can be collected from TNC and from
GA. If the off-time is longer than the thermal neutron lifetime in the shielding enclosure
(typically 50-200µs), then data collected late in the off-time will be relatively enriched in GA
data. Software treatment of the three datasets can partially disentangle these NIS-TNC-GA
spectral mixtures.
Based on this feasibility study CSIRO considers that NITALAB is a viable product for use in
industry.
Down-hole Logging Tools
There is an industry requirement for down-hole logging of mineral resource both during
exploration, mine development and mine production. In each instance, the density and
elemental information collected during logging provides key data for optimisation of the mine
process and planning of processing.
Elemental information is usually obtained using PGNAA logging tools that employ either a
neutron generator or an isotopic source. In such technology, neutron generators have many
advantages in safety, security of operation and ease of deployment. CSIRO has previously
developed a PGNAA tool utilising a neutron generator and commercialised this development
with Sodern and BHP Billiton. The tool is already in use in the iron ore industry where it is
reported to have generated annual benefits of 10’s of millions of dollars through early advice
that aids decision making in the mine development process.
In the current CRP program CSIRO, in cooperation with CRC Ore (a collaborative
consortium of Universities, CSIRO and industrial companies), has undertaken the
development of a further compact tool for logging of holes as small as 70mm. This compact
tool incorporates:
•
•
•
•

A Californium-252 isotope source (but this is replaceable with a small neutron generator)
Down hole control systems supporting an operational logging depth <400m
A LaBr3 gamma detector and neutron detector both measured spectrometrically
A custom built up-hole control box for system control

The tool has undergone bench testing and it is planned that industry trials will be undertaken
over the next year to prove the performance of this new tool.
Future CRP Activity
In the next 18 months it is proposed that we:
•
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Continue to support knowledge transfer to the Republic of Koreain regard to neutron
generators

•
•

Dependent on resources, CSIRO proposes to assist other Member States in regard to
knowledge transfer in on-line analysis using radiation technologies.
Undertake the design and evaluation of a novel neutron generator based analyser for the
bulk on-line assay of copper in copper ores.

4.3.BRAZIL
It has been decided to work on tracer techniques for detection of leakages or seepage in dams.
This was due to a severe environmental accident connected to the rupture of a large tailings
dam at a mining region in Brazil, which caused devastating environmental, economical, and
social impacts in places far away from where the casualty took place.
The technique to be used is based on isotope hydrology, more specifically on the use of the
stable isotopologues of water to detect and define similarities in the isotope signatures of the
water and inside and outside a dam which could indicate leakage and a mean a risk to its
structure.
A water isotope signature (actually an isotopologue signature) is based on the relationship
between the isotopes ratios of water and a standard. To be more precise, the components of a
water molecule, hydrogen and oxygen, have different isotopes: 1H, 2H, 16O,18O (as well as
17
O, but this has a negligible abundance). These abundance ratios(R) of these isotopes, 2H/1H
and 18O/16O, change during phase changes or reactions. Seawater has rather constant isotope
rations due to its huge volume, and can be used as a standard to gauge isotope ratio variations
(called fractionation) in other water bodies during evaporation, condensation, re-evaporation,
etc. Hence, fractionation is quantitated by variations in the isotope ratio referred to seawater
using the delta (δ) notation:
=

−

× 1000 ‰

These measurements are performed in mass spectrometers using a seawater standard supplied
by IAEA and NIST.
As water evaporates the heavier isotopologues lag behind in the remaining water phase. Thus
the remaining pool is enriched and the formed vapor is depleted in the heavy isotopes.
Consequently water vapor has negative δ values. As the vapor in the clouds condenses the
heavy isotopologues preferentially pass to the rain drops and the clouds are further depleted.
Evaporation and precipitation, together with temperature, climate, distance from the ocean,
altitude and amount/intensity of rain cause variations in the δ values and, consequently, in the
isotope signatures of distinct water bodies. Nonetheless, the δ values of the two main
isotopologues of water (1H2H16O or HDO, and 1H1H18O)in rain are related by a simple
universal relationship, approximately δD = 8 δ18O + 10 (with minor deviations in specific
locals), the so called “global meteoric water line” (GMWL). When the sample signatures are
plotted in a δD δ18O diagram, their position will provide indication of their past history
(local and time of precipitation, subsequent re-evaporations, interactions with rocks, etc.).
Significant deviations from this straight line mean either evaporation or physical-chemical
changes.
Leaks and seepage from dams can be detected by the peculiar isotope signatures of water that
suffered evaporation, which is especially significant in tailings dams, since they typically
display a huge surface to volume ratio.
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Difficulties were met in proposing this methodology to the mine companies owning the
affected dams due to the delicate political situation they are going through. Hence, other dams
were sought with similar problematics in which the methodology could be fully developed
and refined, and later sold to the larger mining companies. On the other hand, governmental
support for these efforts has been rewarding.
An abandoned gold mining and processing facility was found quite near the participant
institution, which made easier logistics and field work costs involved in field work. Besides a
proposal to a governmental agency was submitted and approved, together with the stipendium
for a master’s student, which nearly trebled the financial resources made available by IAEA.
Photos of the mine are shown behind.

On its highest level it has a large dry repository (clear part in the figure above at the left)
where the soil removed from the cave (dark spot in the photo) has been placed. This huge pile
is contained by a gabion wall and absorbs a lot of rain water that is supposed to be drained to
the tailings dam shown in the lower part of the photo and in the photo at the right. The
containment wall does not seem perfectly preserved. This tailings dam received the effluents
from the processing plan; it has a low pH and cyanide that was used in the process, among
other contaminants. It is lined with impermeable blankets and seems to be in a good
conservation state, but if its dam (at the left in the two photos above) fails the discharge will
run through a two kilometers creek to the main river in the region, the Velhas River. About 8
km downstream the confluence water from the river is taken to the main treatment plant
supplying drinking water to Belo Horizonte (ca. 3.5 million inhabitants). The tailings pond
has three well just at the foot of the dam and two other at its sides.
Visits have been done for recognition of the area has been carried, documentation including
maps, engineering drawings and some records have been salvaged. Some sampling has been
carried and the samples sent to analysis. Preliminary maps have been prepared of the access
routes to measurements and sampling points around the area, of the overland draining net, and
of the geology and hydrography.
A special rain sampler (ward off contact between the sampled precipitation and the
atmosphere) is planned to be installed at the site. But a local meteoric water law line (LMWL)
has been prepared with results previously obtained by the IAEA laboratory from a sampling
station at the participant’s institute at only 30 km away, and is shown below. Consistently
with the climate and geographical localization, it plot a little bit above the GMWL and has a
slightly higher hydrogen excess.
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The samples taken up to now at the tailings dam and at the wells in its vicinity have been
mass-spectrometrically analyzed are also plotted in the diagram and clearly show the pattern
expected from pools under evaporation: they plot along a straight line under the LMWL at a
lower inclination.

If samples still to be collected downstream the dam, at both surface and groundwater,also
should display the same behavior this may be an indication of connection, either due to
leakage or only due to normal seepage, depending on the amount.
Hence how to discriminate leakage from seepage? To do this it is also planned to use other
tracers. Together with the stable isotope technique it is planned to perform well tests to define
the groundwater flow pattern. Some preliminary tests of the single well test, labelling the
whole water column with a salt, have been performed in order to get familiar with the
procedures and is shown below. It indicates a vertical downwards flow
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Besides, the chemicals in the tailings dam themselves may act as tracers in case they percolate
through the dam. A collective ion analysis by ICP-MS in a sample of the tailings dam water
has been performed, and anions are to be tested by HPLC chromatography. It is known that
cyanide has been intensively used at the processing plant and it could act as a good qualitative
tracer. Natural tritium is to be tested for dating purposes.
Finally, boring piezometers in the solids repository and possibly using either 56Mn or 82Br as
radiotracers could purvey information on the infiltrated water behavior on this dam, which
could be used for numerical modelling.
4.4.CHILE
Hydrodynamic characterization of mining industry using radiotracers
During the year 2016, various tracer’s applications were made in mineral processing, which
included measurements on surface watercourses, pipelines and equipment for flotation and
leaching processes.
Flows in Surface Watercourses
During the year 2016, in Minera Los Pelambres (MLP), were determined the flow of various
surface watercourses with Rhodamine WT, in more than one point, to have a more precise
modeling of the tributary to the mineral concentrating plant.
Velocity and flow rates in pipelines
The determination of velocities and flow rates in pipelines were measured using I-131 as a
radioactive tracer. This determination was made at MLP facilities.
The use of gamma ray emitting radioactive tracers is attractive from the point of view of data
acquisition, since these can be taken online by displaying valuable preliminary information
for the purposes of the experiments.
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Pipe cleaning
Support for the cleaning of the copper concentrate transport pipeline between the concentrator
plant and the filter plant, using polly-pigs units at CODELCO Division Andina, Río Blanco,
Los Andes, V Region.
Monitoring of up to 10 polly-pigs used for the cleaning of Copper concentrate transport
pipeline of 6 in, marking them with sealed radioactive sources, for detection in a 28-kilometer
section.
Polly-pig used were labeled with sealed radioactive sources of I-131, with an activity of each
50 mCi at launch time.
Molybdenum plant
Determination of velocities, flow rates and Residence Time Distribution (DTR) was made at
Molybdenum Plant of Los Pelambres mine. Specifically, on the following equipment:
•
•
•
•
•

Thickener TK10
Thickener 711
Pump in Thickener TK10
Pump in Rougher tailings
Pump in Tanks TK15 and TK 16

The radioactive tracer used was I-131, to ensure that the measurement value is greater than 5
times the natural background of cosmic radiation, without special radiological protection. The
total injected activity was 200 mCi of I-131.
Flotation of copper minerals
At copper concentrate plant of Los Pelambres mining company, was evaluated the
Distribution of flows in Rougher lines 7 and 8; and on the Scavenger lines 1 and 2 from their
respective drawers. To quantify the current distribution in normal operation and through two
operational modifications determine if there are improvements in the distribution of flows.
The activities development in each system was:
•

Scavenger Lines: Measure the flow distribution in the following operating conditions:
- Normal operation with both valves open at 100%.
- Test 1: Opening valve line 1: 60%; Opening line valve 2: 100%.
- Test 2: Opening valve line 1: 40%; Opening line valve 2: 100%.

•

Rougher Lines 7 and 8: Measure the flow distribution in the following operating
conditions:
- Normal operation with 2 open plugs towards each of lines 7 and 8.
- Test 1: 2 open plugs for line 8; 2 plugs open to line 7; 1 open cap towards line 6.
- Test 2: 2 open plugs for line 8; 1 open cap towards line 7; 1 open cap towards line
6.

13

Mineral Agglomeration Drums
Evaluation of the Resident Time Distribution (DTR) and the experimental Means Times in
the two agglomeration drums of Minera Antucoya, in order to be able to compare them with
the average theoretical time of the project, using mineral tracers of coarse, intermediate and
fine granulometry from the point of view of the minerals processed in Minera Antucoya.
Also, seeing if there are differences with different ore feed speeds to the drums. The specific
test was defined as:
‘’Coarse, intermediate and fine Granulometry, with mineral feed of 2,000, 2,500 and
2,850 ton / hr of mineral’’.
4.5.CZECH REPUBLIC
Project
„Study of Optimal Gamma-ray Technique for Uranium Exploration Based on
Mathematical Modelling and Field Measurement“
This project is focused on localization of uranium mineralization by means of ground survey
and by mini-airborne measurement at flight altitudes from 5 to 40 meters.
Main targets of the projects are:
a) Mathematical modelling of a gamma ray field of size limited radioactive objects (e.g.
uranium mineralization)
b) Field gamma-ray measurements on selected natural radioactive objects (uranium
mineralization) in order to verify theoretical presumptions.
c) Evaluation of possibilities of localization of size limited radioactive objects by gamma ray
spectrometric measurement and total count measurement with respect to properties of
radioactive anomaly (shape, size, intensity) and methodology of measurement (detector,
time of measurement, height of detector, velocity and flight altitude).
Ground radiometric measurement with portable instruments
Field experiments
Experimental ground field radiometric measurements have been carried out at three selected
objects in the Czech Republic.
•
•
•

Uranium pad at the Czech calibration facility for radiometric field instruments
managed by state company DIAMO in the town Stráž pod Ralskem
Uranium mineralization near the village DolníČernáStudnice
Uranium mineralization near the village Třebsko

At these objects ground gamma ray spectrometric measurement of the whole area was carried
out. At each locality a profile going across gamma ray maximum was established. On this
profile, the measurement with portable gamma-ray spectrometer was realised on the ground at
different detector heights 0.5 m, 1 m and 2 m. Step of measurement points on the profile was
1 m.
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Mathematical modelling of the gamma ray field
The theoretical model of a gamma ray field was calculated for the distribution of gamma ray
source identical to observed values at each field locality. Gamma-ray field modelling was
carried out by a deterministic method. Calculated gamma ray intensity fits well to measured
gamma ray intensity data at all above mentioned three localities.
Gamma ray fields of imaginary circular bodies of various diameter
Since mathematical modelling of a gamma ray field, using the deterministic method, was
verified, so it was possible to calculate gamma ray fields of imaginary uranium-mineralized
bodies. Gamma ray fields of imaginary circular uranium-mineralized bodies of various
diameters 2, 5, 10, 20, 30 and 50 m have been calculated for height of detector 0 m, 0.5 m, 1
m and 2 m.
Detectability distance
Modelling of gamma-ray fields of imaginary circular bodies with uranium content enabled to
estimate the distance from the source, at which it is theoretically possible to indicate these
gamma-ray sources. Sensitivity of a radiometric instrument, time of measurement and
detector height above ground surface was taken to account.
Mini-airborne measurement
The uranium anomaly Trebsko near the city Pribram, central Bohemia, Czech Republic,
served as a testing site for the performance of the latest mini-airborne gamma ray
spectrometer specially developed for unmanned aerial vehicles. The tested instrument uses
two BGO scintillation detectors of 103 cm3 each, with relatively high sensitivity in
comparison with most of existing mini-airborne gamma-ray spectrometric systems. The
gamma-ray spectrometer was attached to a powerful hexacopter. The target of the research
was to assess detection ability of a newly introduced mini-airborne gamma-ray spectrometric
system for localization of a size-limited uranium anomaly. Possibility of gamma-ray anomaly
detection depends on its size, shape and gamma-ray intensity and on the instrument
sensitivity, flight speed and altitude. The research concentrates on flight altitude as an
important method parameter of mini-airborne gamma-ray spectrometric survey using UAV. In
comparison with conventional airborne measurement with fix-wing aircrafts and helicopters
(IAEA, 2013), small UAV can fly in lower altitudes and much slower. It partially
compensates much lower detector sensitivity of its small detectors.
Work plan for forthcoming period:
•
•
•

Mathematical modelling of gamma ray field for mini-airborne conditions
Improvement of the algorithm of mathematical modelling (faster calculation, two
dimensional results-gamma ray field in constant altitude plane
Study of the way of radiometric data processing focused on identification of gamma ray
anomalies with the intensity close to the natural radiation background.

15

4.6.CUBA
Develop ment o f so lid radiot racer fro m 99mTcO 4- fo r app lications in
Nickel Indu st ry
Introduction
In the previous works was validate the radiotracer (99mTc)in several matrix and to evaluate
them in multiphase systems using simulated liquid phases at lab scale”, the proposed overall
objective of this project was to develop solid radiotracers for nickel laterite from 99mTcO4and to evaluate them at lab and bench scale.
To reach this goal, during the first year of works we should carried out the fallowing tasks:
Lateritic characterization from different locations of the country and to selected ores for the
study. Preparation of the ore samples to be labelled. Fractionation by sieving and laundry.
Start testing the labeling methodologies for selected laterites and also choose and to
characterize zeolite as artificial radiotracer for laterites. The experimental works regarding
99m
Tc adsorption evaluation in Ferragels and 99mTc-Ferragel radiotracer stability in the
presence of different pH aqueous solutions was finished. These results are important for
application in the laterites ore with high iron content.
Results99MTC ADSORPTION EVALUATION IN FERRAGELS
Three mathematical models to describe the 99mTc adsorption on Ferragels were used:
Langmuir, Freundlich and Dubinin-Radushkevich (D-R).
Theoretically, Ferragel can retain 90.17 MBq of 99mTc activity per gram of ferragel. The
Langmuirs model is useful to get an approximate of theoretical efficiency of 99mTc adsorption
on the Ferragel, assumes uniform adsorption energies on the surface, a phenomenon that
could not match the characteristics of the system under study due to the inhomogeneity of the
support material, which limits its use to explain the adsorption mechanism. The Langmuir
model can be used as a good predictor of events adsorption of elements microquantities, and
therefore, this model can be used to study the radionuclides adsorption.
Freundlich isotherm has been used to study adsorbates microquantities and this model has
obtained major experimental adjustments in comparison with Langmuir isotherm. Freundlich
model has also been successfully used to evaluate the ionic species of Tc adsorption
(involving the 99mTc, 95mTc, 99Tc isotope) in different porous materials. Adjustments to
Freundlich isotherm with γ<1 values have shown that the adsorption in these systems is
favorable and that the most likely mechanism is chemisorption. Therefore, the obtained γ =
0.79 value for 99mTc retention in the Ferragel evidence which this process is favorable to
occur under studied conditions.99mTc retention in the Ferragel could be explained by chemical
bonds formation between 99mTc and Fe or by Tc-O-Fe / Si bonds on heterogeneous surface
(Ferragel).
The high adjust to D-R model means that the adsorption of 99mTc compound is highly
dependent of its interaction energy with the inhomogeneous surface Ferragel and affinity
coefficients.
The calculated value of the binding energy (E), is 5.69 kJ / mol, and this value is inside
typical range of the binding energies for ionic interaction mechanisms (4-14 kJ / mol). This
result indicates that chemisorption plays a significant role in the mechanism of 99mTc
adsorption on Ferragels, this result also is consistent with the obtained previously by the
Freundlich model and more strongly by the obtained setting from the Langmuir isotherm.
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The maximum adsorption capacity value of the Ferragel for 99mTc species (qmax) is equals 95
MBq per gram. The obtained result of qmax for Dubinin-Radushkevich model is relatively
similar to obtained result by the Langmuir model (90MBq), however, D-R model has haven
the best adjustment to experimental results, and therefore, its calculated qmax should be
closer to adsorption capacity of Ferragel for 99mTc species.Thus, it is possible to predict
theoretically the necessary amount of Ferragel for performing a possible application of 99mTc
solid radiotracer once known the activity required for that.
Dubinin-Radushkevich model is the best fit to the experimental results (R2 = 0.9965) and
three models indicate that 99mTc adsorption probably on Ferragels in the studied conditions
must occur through chemical adsorption mechanisms, which involving species Fe / Si and
their oxides surface bond formation with 99mTc through the electrostatic exchange between
charged species in the heterogeneous sites Ferragel surface.
Results99mTc-Ferragel radiotracer stability in the presence of different pH aqueous
solutions.
Less than 18% of 99mTc contained in ferragel migrates to aqueous phase in the presence of
solutions with a wide pH range (3-11) and stirring (40-110 rpm) regimes in the laboratory
conditions studied. The desorption of 99mTc is smaller than 10% in solution with pH equal 7
or smaller (4.6% at pH= 3 and the stirring speed is 75 rpm). The lower migration occurs at
neutral or acidic pH (99mTcac (%) <10), probably due to the presence of 99mTc (Tc2+) charged
species chemically bonded with Fe / SiO2 solid.
To make applications involving highly basic solutions it is recommended that greater mass of
Ferragel will be used. Therefore, it follows that it is possible to use the 99mTc-Ferragel
radiotracer in industrial applications involving fluid-solid phases similar to those studied as
cement, paper, among other conditions.
Solid radiotracer will be more stable to lower solution pH in potential applications. Moreover,
even in the worst scenarios in which applications multiphase systems where coexists one
aqueous phase with pH> 7 with the solid phase, a loss of up to 15% of the labeling may not be
significant given needed has high levels of activity used in 99mTc radiotracer studies in real
industrial applications.
In the Pourbaix diagrams of Tc and Fe, according to final conditions of the experiments, there
may be two key species of 99mTc depending on the pH and Eh. 99mTc must be in the form
Tc2+at pH=7 or less and can coexist with TcO(OH)2. Tc2+can bind with Fe or negatively
charged sites of the SiO2 network (s), or may even be added in the solid phase in hydrolyzed
form. Highly soluble TcO4 - predominates on solutions with pH higher than 7, this would
explain the increase of 99mTc in aqueous phase (99mTcac> 14%).
Results of chemical characterization of laterites samples
The average nickel content (in mass%) for the 4 samples was: Ni (1.5-2.5), Fe (25-35), SiO2
(28-35), Al2O3 (4.8 - 7), and MgO (25-34).The high iron content shows the possibility of
using similar methodologies for labeling that Ferragel.
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4.7.GHANA
Introduction
The National Radiotracer Group (NRG) of the Ghana Atomic Energy Commission was
formed in 1999 with the main objective of creating the national capability on radiotracers and
sealed sources technologies as applied to petroleum and gold ore processing industries. The
human resource base of the group is made up of experienced scientists, process engineers and
technicians that are actively involved in research and development of the radioisotope
technology. Currently the group is composed of six scientists and one technician.
The tracer laboratory is equipped with an experimental flow rig installed for simulation of
tracer experiments. A section of the lab showing the flow rig is represented in figure 1. The
flow rig was modified from its initial vertical tank and close loop design into an open loop
flow system consisting of four stirred tanks. The agitation unit consists of both axial and
radial flow impellers. The main aim of the modification is to represent the flow in this pilot
unit as is the case in a practical gold leaching tank and to compare the mixing effects of axial
and radial flow impellers. The modified flow rig is shown in Figure below
The tracer group is also equipped with modern Colum Scanning and Radiotracer Investigation
equipment’s. This reports highlights the current activities carried with respect to the work
plan of our proposed research topic within the scope of the CRP.

Exeprimental flow-rig
RTD Investigation in experimental flow Rig.
The experimental unit consists of four tanks and the arrangement was such that tank 1 is
stirred by a single axial impeller, tank 2 by twin axial impellers mounted on the same shaft
and tank 3 by twin radial impellers mounted on the same shaft. Tank 4 has no impellers.
The arrangements are shown in Figures 2 and 4. The main aim of the arrangement is to study
the effect of axial and radial impellers on the MRT and mixing efficiency.
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Tc-99m radioactive tracer was introduced at the inlet stream of the tank 1 using the pulse
method of tracer dosing. Outlet response signals were collected with thallium activated NaI
detector placed at the outlet each tank. Data collection was done using the Altaïx data
acquisition system.

Tank 1
(a) 1 axial impeller

Tank 3
(a) 2 radial impellers

Tank 2
(b) 2 axial impellers

Tank 4
(b) no baffle no impeller

Results and discussions
The tracer concentration curves at the outlet of each tank are shown in the display of the
ALTAIX data acquisition system represented in the Figure below. The curves were then
normalized to obtain the RTD. The Mean Residence Time (MRT) and the variance were
calculated by the method of moments. The results are displayed in Table below.
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Experimental tracer concentration curves.
Experimental parameters computed from method of moments
Experimental

TK 1
(1 axial
impeller)

Tank2
(2 axial
impeller)

Tank3
(2 radial
impeller)

Tank 4
(no impeller)

Theoretical MRT
(min)
Exp. MRT per
tank (min)

5.8

5.8

5.8

5.8

5.3

7.5

7.1

5.1

Exp. Variance per

42.4

86.3

57.7

26.6

Parameters

2

2

tank, σ (min )
From the Table above it is observed that the variance of axial flow impellers exceeds
corresponding values for radial impellers. Therefore axial flow impellers provide better
mixing than radial impellers.
It is also observed that the MRT of the twin impeller system exceeded the theoretical values.
This could be due a number of factors including instability of tracer, incorrect flow rate value,
severe stagnation etc. The MRT values obtained for the single impellers confirm the stability
of the tracer. The flow rate was also constantly measured. It could therefore be concluded that
the twin impellers delayed the fluid inside the vessels. Hence to achieve efficient mixing more
energy must be put into the mixing process. This may not be the case for vessels with greater
volumes.
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Conclusions
Radiotracer residence time analysis was conducted in an experimental flow rig to study the
effect of axial and radial flow impellers on the hydrodynamic parameters of mixing vessels.
The conclusion is that axial flow impellers provide better mixing than radial impellers.
Work Plan for subsequent years
1. Tracing of solid-liquid flows using liquid phase tracers and solid phase tracers.
2. Validation of CFD codes using RTD experimental results.
4.8.INDIA
Investigation of flow dynamics of solids in a Continuous Fluidized-Bed Gasifier (FBG)
Introduction
There is a growing interest in India to explore coal gasification process for production of
electricity and methanol for transportation fuel. The gasification of coal is a clean technology
for generation of electricity and has many challenges before it is adopted for commercial
exploitation. One of the main challenges is to design and develop a gasifier for the
gasification process. The design and development of a coal gasifier requires knowledge of
flow dynamics of coal as well as gas phase. Therefore, many private and public sector
companies in India have initiated design of pilot-scale gasifiers for studying flow dynamics of
the phases involved, particularly solid phase. Therefore, a radiotracer study was undertaken to
study the flow dynamics of solid phase i.e. coal in a pilot-scale continuously operating
pressurized Fluidized-Bed Gasifier system designed and installed by a public sector company.
The main objectives of the study were to measure the mean residence time of the coal
particles and investigate the flow patterns at various operating conditions.
A gasifier is basically a fluidized bed system (FBS) that involves flow of two different phases
i.e. solid (coal) and gas (air/steam) and knowledge of dynamics of these two phases is
important to assess the performance of the system as well as for scale up of the process. In a
FBS, the coal is converted into gaseous fuel and this fuel is combusted in a gas turbine
combuster of combined cycle plant known Integrated Coal Gasification and Combined Cycle.
The gasifier is designed to behave as a well-mixed flow system for coal and any deviation
from the well-mixed flow condition will deteriorate the performance and efficiency of the
gasifier. The degree of mixing i.e. flow pattern of process fluid is generally investigated by
measurement and analysis of residence time distribution (RTD) of the process fluid.
Radiotracer techniques are very effective tool to measure residence time distribution (RTD) of
process material in pilot-scale as well as the full scale industrial systems because of their high
detection sensitivity, “in-situ” detection, physicochemical compatibility, availability of wide
range of suitable tracers, limited memory effect and utility in harsh industrial environment.
This report describes measurement and analysis of RTD of coal particles in a pilot-scale FBS
at different operating conditions.
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Fluidized Bed Gasifier
The schematic diagram of the pilot-scale fluidized bed system is shown in Fig. 1. The plant
consists of various subsystems such as a fluidizer, freeboard, cyclone, a feeding system, an air
supply system and an ash extraction system. The steam or air is fed from bottom of the
distributor; it distributes the steam/air uniformly across the column of the fluidized bed. The
air/ steam flows can be controlled and measured as per the requirement using the air flow
meters. The gasifier has an internal diameter of 200 mm and designed to operate at maximum
temperature of 1100 oC and pressure of 3 atm. The freeboard section is slightly bends
outwards with 200 mm diameter at the bottom and 250mm diameter at the top. During
fluidization at hot condition, there is generation of fine coal particles in the bed due to attrition
and fragmentation, thus the bed consists of both coarse and finer size coal/ash particles. The
coarser size fraction of the ash generated in the gasifier is extracted from the bottom of the
gasifier at a controlled rate. The finer size fraction of the ash particles generated in the gasifier
elutriates with the gas and is collected at the bottom of cyclone and candle filter installed
before gas cleaning and cooling system. The fly ash contains about 10–15% unburnt carbon.
A number of exothermic and endothermic reactions take place in the gasifier producing a
mixture of gases. The produced gas consists of carbon dioxide, carbon monoxide, hydrogen,
methane, nitrogen, and water vapor apart from fine particulates. The fine particulates are
separated from the gaseous mixture in the cyclone and candle filter and the clean gas is
subsequently cooled and flared.

Schematic diagram of fluidized bed gasifier and experimental setup
Residence Time Distribution Measurements
The schematic diagram for RTD measurements in the gasifier is shown in Fig. 1. A series of
thirteen experiments was carried out at different operating and process conditions given in
Table 1. About 30 gm of coal particles labelled with Gold-198 radioisotope (gamma energies:
411 keV half-life: 65 hours) was used as a radiotracer. About 50 MBq activity was used in
each experiment. The radiotracer was instantaneously injected into the feed pipe using a
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specially fabricated injection arrangement and monitored at different locations in the FBG
using lead collimated scintillation detectors. All the detectors were calibrated to give the
identical responses under similar conditions. All the detectors were connected to a
multichannel computer controlled data acquisition system (CCDAS) set to record tracer
concentration data at an interval of every 60 seconds. The tracer concentration data acquired
was a function of time was saved as an ASCII file in the computer for further analysis.
Data analysis and Mathematical modelling
The recorded data obtained in different runs were treated using Residence Time Distribution
analysis software. The data treatment includes background subtraction, tail correction,
radioactive decay correction, zero shifting, smoothing and normalization. In the present case,
the tracer was injected as an impulse (Delta function) and therefore the normalized curve
measured at the outlet directly gives RTD function. The Results of the RTD study at different
operating condition is presented in Table below.
Various models were tried to simulate the measured RTD and eventually two models as
shown in Fig. below were found representative and are shown in Fig. 2 for cold and hot flow
conditions. To simulate the RTD curves, DTS PRO V.4.2 software was used. On entry
through the inlet port, the coal gets vigorously fluidized and mixed by the incoming gas. The
mixing and flow behaviour of this region has been represented using tank in which solid
fraction are continuously moving forward and backward direction (Tank in series model with
back mixing). A recirculation leg is added with solids volume fraction to model the net solids
down flow in the gasifier, with a recycle ratio of fR. The mean residence time of whole the
gasifier reactor is denoted by τT. In the cold flow system, the same model as in the hot
condition with by pass is found to be representing the flow of solid particles. A plot showing
representative comparison of the experiment and model simulated RTD curves is shown in
Figure below. The simulated first moment is consistent with the experimental one, which can
be derived from the geometrical volume divided by the inlet flow-rate, which confirms also
the suitability of the model for flow dynamics of the solid particles in the coal gasifier.

(a)

(b)

Phenomenological models used for RTD simulations: (a) Hot condition, (b) Cold condition
Conclusions
The radiotracer investigation was successfully carried out in a plot-scale gas-solid fluidized
system and following conclusions were drawn.
•

Radiotracer technique for measurement of the RTD of the coal particles and study of
flow behaviour of a pilot-scale FBG was successfully demonstrated.

•

The Proposed flow model was found to be fitting well to the experimental RTD curve.

•

The bypassing of coal particles at bottom of the bed was found at lower temperature.
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The model parameters are not found to be changing appreciably under the range of air
and steam flow rate employed in the study.

•

The results of the study could be used to improve the design of the existing FBG to
improve the mixing of the coal particles inside the gasifier. Moreover, the results
could also be used for scale-up of coal gasification process.
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τP: time of plug flow component, τB: time spent in the bed, NB: Tank no. of bed, αB: Back mixing ratio of bed material, fR: Recycle fraction of flow,
τR: time of recycle, NR: Tank no. of recycle, τT: Total time spent in the system, , fBP: Fraction of bypass
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4.9.REPUBLIC OF KOREA
Republic of Korea belongs to Group B for development of on-site radiotracer technology
based on portable neutron generator. In more detail, it is to generate radioactive tracer in-situ
with neutron generator to measure mass flow in industrial systems. Generating radioactive
tracer on-site and using it immediately have a lot of advantages on the process. First of all, we
can remove any risks, such as theft, lost, and exposure, for radioactive tracer during the
transportation because the delivery step can be omitted by producing it on-site. Second, we
can utilize short-lived radioactive tracer. In the previous process, transportation time between
irradiation facilities and experimental site limits the use of short-lived radiotracer. But by
producing radiotracer on-site, the transportation step can be skipped. Lastly, we can carry out
some tracer techniques without research nuclear reactors and irradiation facilities. The
radioactive tracer is usually produced in a research nuclear reactor and irradiation facilities.
But most countries doesn’t have any irradiation facilities, and the irradiation is often limited
due to periodical shut downs. Using a portable neutron generator can get over these problems.
Neutron Generator
For the portable neutron generator, deuterium-deuterium (D-D) and deuterium-tritium (D-T)
reactions have been usually used in industry.
+

→

+

→

+

$

+

(2.5 ! ")

(14.1 ! ")

The yield in the D-D reaction is usually about 100 times lower than in the D-T reaction.
However, since the thermalization length is much shorter for 2.45 MeV neutrons than for 14
MeV neutrons, the thermalized neutron flux on the target may not be so different for realisticsize transportable neutron generators of both types, and the smaller moderator size the neutron
generator needs, the smaller portable neutron generator system can be constructed. And most
of all, since the tritium in D-T generator is radioactive material, if we have any plans to use
the D-T generator as a portable system, we will have to get additional authorization, and every
time we move the system we have to get approval. Therefore, unless we have to use fast
neutron, we don’t need to the D-T type generator.
Ongoing Cooperation Researches
When we started the first CRP meeting, we haven’t used the neutron generator. So, Dr. Nick
Cutmore offered us to visit CSIRO in Australia for the neutron generator. They have been
using the neutron generator to separate and detect the mining and mineral for a long time. We
could learn the principle, type, purpose of using, and how to shield neutrons, operate shield
facilities, detect neutrons, and evaluate neutron flux for the neutron generator.
Based on the experience in CSIRO, we could carry out some simulations for target activation.
For a neutron transport, MCNP6, that is a sort of Monte Carlo simulation program and
developed by Los Alamos laboratory, was used. The geometry for the simulation was
considered very simply. The isotropic neutron source was at the centre and it is surrounded by
sphere moderator and target. We omitted detailed structure of neutron generator, reflector, and
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so on. We chose the D-D type neutron generator since the reasons mentioned in the Neutron
Generator part and its flux was supposed to be 1E8.
For finding out the optimal structure of moderator for thermalized neutrons, various material
(D2O, H2O, Polyethylene, and Paraffin wax) and thickness (1-8 cm) were considered. We
measured neutron flux at the moderator outer surface. In this case, moderator thickness was
fixed to 7 cm. Thermal neutron was defined the neutron in the range of 3.98E-03 to 0.2 eV
and Fast neutron was in the range of 6.31E+04 to 3.16E+06. Among these materials, the
paraffin wax provided highest thermal neutron flux. So the moderator material was
determined to Paraffin wax.
Next, we simulated neutron flux at the same surface with thickness of the paraffin wax
moderator changed. The result was that 6 cm of the moderator provided us the highest thermal
neutron flux.
Based on these results, we simulated the amount of produced radioisotope by neutron
activation. In the previous meeting, Dr. Tor suggested a lot of experimental cases using a
portable neutron generator with candidate target nuclides, and we were interested in on-site
production of radiotracer by off-line irradiation of suitable target. Before the simulation, I
defined exposure time. I calculated produced radio-nuclide activity ‘A’ after 5×half-life. The
half-life was changed depending on the radio-nuclides. I supposed that the time was enough to
converge produced activity. Then, I found out the time to produce activity 0.9 A. This time
was regarded as the exposure time. The thickness of target was fixed to 1 cm.
The below table shows the summarized exposure time and produced yield for the candidate
target nuclides. The radio-nuclide was generated more than I thought, and I could see the
possibility of this technique. I am going to consider more things such as natural abundance,
energy, by-product, and choose the source that I would use.
Table. Calculated exposure time and produced yield for the candidate target nuclides.
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4.10. MOROCCO
Moroccan reserves of phosphates are the largest ones in the world. They are estimated to
more than 85 billion m3. At khouribga site three mines were so far operating and the opening
of two more is planned by the end of 2017.

Extraction of raw phosphates from one of Khouribgua mines
The extraction of raw phosphate rock from the mines requires the addition of water at the
level of 12% (fig.1). However the drainage of the phosphate rock from the mine site to the
chemical industrial plant located at Jorf Lasfar on the Atlantic ocean coast, which was done
up to 2015 by train, required to re-dry phosphate to lower the humidity from 12% to 2% in
order to carry it cheaply.
When the material reaches the chemical processing plant (fig. 2), in order to get the final
products (phosphoric acid, fertilizers…), large amounts of water have to be re-added back (up
to 60%) to the raw phosphates to let the processing being carried out properly.

Chemical processing plant at Jorf Lasfar
For the transport of phosphate extracted from Khouribga mines to Jorf Lasfar chemical units,
OCP Company (Office Chérifien des Phosphates), the world’s leading producer and exporter
of phosphates and its derivatives, including phosphorous and agricultural fertilizers, has
decided to build a pipeline that represents a real technological leap in the context of the
group's industrial strategy.
The pipeline between Khouribga to JorfLasfar is a flagship project for convergence between
cost reduction and rationalization of water and energy consumption. The goals with this
project are the increase in production capacity to 38 million tons/year and also a significant
reduction in transport costs as well as valuable water and energy savings.
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The phosphate slurry pipe between Khouribgua mines and Jorf Lasfar chemical plant
With this new project, the pulp of phosphate will increase from its 12% humidity to 40% in
the pipeline and finally to 60% at the stage of recovery.
With a total of 235 km of pipeline, Morocco will produce 38MT/Y of phosphate with a
logistic cos treduction of 90%.The main delivery pipeline is 187 km long and transports
4400t/h of phosphate ore. The slurry pipeline represents an efficient transport system,
competitive and ecologically profitable.

Development of radiometric methods for optimization of phosphate transport process by
''slurry pipe''
The new slurry pipe installed and currently under operation raises new challenges for
radioisotope technology as applied to phosphate industry. Indeed, it is the first time such a
material is transported by pipe over such long distances and the risk of blockages cannot be
neglected. Determination of physical parameters, such as concentration, viscosity, flow rate,
etc… of the material inside the pipe becomes a key issue for handling and maintaining the
whole system.
Developing specific nucleonic control systems or radiotracer methodologies to obtain such
information is a challenging project within the frame of the current CRP.
CNESTEN has a good experience in the application of radiotracer techniques to study
chemical processing units in phosphate industry. Various studies have been conducted during
the last few years, particularly on phosphoric acid production lines, using 131I as a tracer.
Valuable results were obtained from these studies which helped the process engineers
enhancing the technical management of their units.
The application of radiation techniques on the phosphate slurry pipe requires first a well
understanding of how the slurry pipe system is designed and a basic knowledge on slurry
mixtures behavior inside such equipment.
Slurry PipeSystem Description
The raw phosphate, from different mines in Khouribga, is routed to four processing units
(leaching and flotation, 6,300 m3 each) whose function is to enrich the phosphate and prepare
it for transport via mineroduc (Slurry Pipeline). These units are equipped with milling systems
and sludge settling (thickeners) to prepare phosphate pulp for hydraulic pipeline systems and
wastewater recycling for the recovery of nearly 5.8 million m3 of water per year. The ground
pulp is thickened and stored in tanks at the exit of the concentrating factories and pumped via
pipelines to the secondary collection station called "head station".
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From this station, phosphate pulp supplies the main pipeline (900mm in diameter coated steel)
187 km length, which provides hydraulic transport from Khouribga to Jorf Lasfar chemical
site.4 secondary pipelines (350-500 mm diameter) of 48 km length are connecting
concentrating factories to the head station. The final station at Jorf Lasfar comprises ten
storage tanks for the reception and distribution of phosphate pulp, with a control system.

General layout of the slurry pipe system
The Khouribga-Jorf Lasfar pipeline is completely buried to a depth of two meters. The
stainless steel work is protected by an internal and external coating, in addition to a cathodic
protection against corrosion. It is equipped with four intermediate pressure control stations,
located every 40 kilometers, to provide direct pressure data required for the control system.
The pipeline is also equipped with a system of control and data acquisition (SCADA) to allow
operators to manage, monitor and carry out all operations.
The ‘‘Slurry pipe’’ is now completed and currently in operation. However it rises new
challenges for the company.
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Slurry and slurry flows
Slurry is essentially a mixture of solids and liquids. Its physical characteristics are dependent
on many factors such as:
- size and distribution of particles, concentration of solids in the liquid phase, 2565%
- size of the conduit (pipe diameter),
- Level of turbulence,
- temperature,
- viscosity of the slurry (absolute or dynamic viscosity of the carrier).

The flow of slurry in a pipeline is much different from the flow of a single phase liquid.
Theoretically, a single-phase liquid of low absolute (or dynamic) viscosity can be allowed to
flow at slow speeds from a laminar flow to a turbulent flow. However, a two phase mixture,
such as slurry, must overcome a deposition critical velocity or a viscous transition critical
velocity. If the slurry’s speed of flow is not sufficiently high, the particles will not be
maintained in suspension. On the other hand, in the case of highly viscous mixtures, if the
shear rate in the pipeline is excessively low, the mixture will be too viscous and will resist
flow (figure below).

Mixture Classification
In homogeneous mixture (d ≤ 40), we have a Newtonian flow regime for low solid
concentration (case a below), while a Non-Newtonian regime is observed for high solid
concentration.
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There is little change in concentration within the pipe cross section in concentrate slurry after
undergoing a process of grinding and thickening; particles are then very fine and the mixture
is at a high concentration (50–60% by weight).
As the concentration of particles is increased (beyond 40% by weight for many slurries), the
mixture becomes more viscous and develops non-Newtonian properties.
Apart from rich concentrate slurries, drilling mud, sewage sludge, and fine limestone (cement
kiln feed slurry) behave as homogeneous flows. Typical particle sizes for homogeneous
mixtures are smaller than 40µm to 70µm (325–200 mesh), depending on the density of the
solids.
In pseudo-homogeneous (40 µm ≤ d ≤ 150 µm) case, under turbulent condition, the mixture
can be transported with a uniform solid concentration distribution across the pipeline (case b
below).
In heterogeneous (0.15 mm ≤ d ≤ 1.5 mm) mixture, for acceptable transport velocities, a solid
concentration gradient exists (case c below) over the cross section of the pipe (vertical plane).

a)

b)

c)

Non-Newtonian Slurries
Various models have been developed over the years to classify complex two- and three-phase
mixtures. In the case of mining, the following mixture is often encountered: a fine dispersion
containing small particles of a solid, which are uniformly distributed in a continuous fluid and
are found in copper concentrate pipelines and in slurry from grinding after classification, etc.
Slurries Critical Velocities
Critical velocity is defined as the point where a moving bed of particles begins to deposit on
the bottom of a straight horizontal pipe during slurry-transport operations. The following
critical velocities are usually considered:
-

V 1: velocity at or above which the bed in the lower half of the pipe is stationary. In
the upper half of the pipe, some solids may move by saltation or suspension.

-

V 2: velocity at or above which the mixture flows as an asymmetric mixture with the
coarser particles forming a moving bed.

-

V 3: velocity at or above which all particles move as an asymmetric suspension and
below which the solids start to settle and form a moving bed. This velocity
corresponds to the critical velocity

-

V 4: velocity at or above which all solids move as a symmetric suspension.
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Radiotracer study
The radiotracer study scheduled for the next three months will concern first the evaluation of
the flow rate of the slurry at different points after the heading station as shown in figure-10.
The results will then be compared to the measurements given by the flow meters in place.
This will allow the process engineers to evaluate the efficiency of the installed equipment.
In a second phase, other parts of the slurry pipe will be studied in order to evaluate the critical
velocity and/or to measure the residence time distribution of the fluid according to the needs
of the end user.
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4.11. NORWAY
Title: Hydrometallurgy in mineral mining and urban mining
Introduction
Norway is a rocky country rich in minerals. In 2013 the Norwegian Government introduced a
new mineral strategy. The written words in this strategy are mostly occupied with how the
minerals can be exploited and used as such without further refining.A group of people
connected to universities and research institutes proposed to engage in method development
for extraction of selected chemical elements. A comprehensive application to the Norwegian
Research Council was successful (2014).
This is the brief background for starting up development of refining technologies mainly
based on a combination of pyro- metallurgy and hydrometallurgy. This agreement mainly
concentrates on hydrometallurgy, more specifically on solvent extraction, and separation
process monitoring.
Solvent extraction
Traditionally, solvent extraction is based on the application of a two-phase system consisting of
an aqueous phase and an organic phase. Normally, the mineral leachate is an aqueous acidic or
basic solution where the metal atom exists as a cation or an anion. The metal extraction into an
organic phase takes place by complexation with a
[A ] + [A ] + [A ] + ⋅ ⋅ ⋅ ⋅ suitable complexing agent resulting in one or several
(DC )A = 1 org 2 org 3 org
complexes. These complexes will, upon
[A1 ]aq + [A2 ]aq + [A3 ]aq + ⋅ ⋅ ⋅ ⋅ lipophilic
vigorous shaking, distribute between the two phases.
For a defined chemical system and for defined
General mathematical formula for the
temperature and pressure, this distribution is constant
distribution ratio Dc
at chemical equilibrium and defined by the distribution
ratio, Dc,(Fig.1) where [A1], [A2], [A3] etc are concentrations of the different forms of the metal
complexes in the organic and aqueous phases. For extraction of a specific chemical element,
the aim will be to develop a chemical system that is optimized
n
on separation of this defined specific element (high Dc-value)
 (D ⋅ r + 1) − 1 
%E A ,n =  C ,A
⋅
100

and minimized on extraction of other contaminating chemical
n
 (DC ,A ⋅ r + 1) 
compounds (low Dc-values).
Extraction efficiency (%) as a
function of the distribution ratio
Dc, volume ratio r and number of
consecutive extractions n

One extraction (from a defined aqueous leachate solution)
means one separation step. Several extraction steps may be
connected together in a continuously running system (for
instance a mixer-settler system outlined in RCM1 of this CRP). The extraction efficiency in
such a combined system (after several extraction steps on the same aqueous volume) can be
calculated by the simple formula in Fig.2.Here, %EA,nexpresses the percentage extraction,r is
the volume ratio Vorg/Vaq and n is the number of consecutive extractions. The element of
interest is further refined in back-extraction or so-called stripping steps.
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Process monitoring
Two relatively simple methods for continuous monitoring of separation efficiency in every step
in a battery of extraction-stripping steps are gamma-induced x-ray fluorescence and use of
gamma-emitting radiotracers. Each of them is briefly discussed below.
Gamma-induced fluorescence: This method is based
on the photo-electric effect and the fact that every
chemical element emits charactertic x-rays while
excited by photons of suitable energy, for instance
gamma rays. Whenever possible, K-shell x-rays
should be used over L-shell x-rays because of higher
energy and thereby higher penetrating power (which
may be converted into sensitivity).
Source-detector
setup
for
on-line
monitoring of elemental content in a
continuously flowing solution or slurry

In the specific separation case briefly discussed
below for extraction of the contaminant cadmium,
Cd, from phosphoric acid, a suitable gamma source
would be 241Am (Eγ = 60 keV) for removal of K-shell
electrons (Kα energies in the range 22-23 KeV).

Radiotracers: Most chemical elements have isotopes
which may be used as radiotracers in separation
processes. The radiotracers may for instance in some
cases be generated by neutron activation of a suitable
aliquot of the leachate whereby a gamma-emitting
isotope of the element of interest is produced. At the
same time radioactive isotopes may be generated of
some elements considered as contaminants. Thus,
109
one may follow the enrichment of the element of
Simplified decay scheme of Cd
interest and the removal of contaminants throughout
the separation chain by positioning gamma detectors at various strategic positions. However, it
is more common to add an aliquot of a radioactive isotope of the element of interest which has
been produced separately.
In the case described below on removal of Cd contaminant, we are using 109Cd as a tracer. For
this specific radionuclide there are, however, challenges to be aware of, briefly described here.
Electron capture (EC) decay of 109Cd results in population of an excited state in 109Ag of about
88 keV, which further decays to the ground state with a half-life of about 40 s. Hence, the
gamma ray, which is the target for measurement, stems from decay of the daughter nucleus
109m
Ag and is not coincident with the EC decay of 109Cd. Accordingly, in an on-line monitoring
situation two cases may occur, both of which will produce inaccurate results. In both cases
detectors are positioned right after an extraction step with no delay line between, i.e. there is
only a short time between the end of separation and the monitoring.
1. The chemical separation system may extract Ag but not Cd. We measure strong intensity in
the organic phase of the 88 keV γ-ray (because of 109mAg), and may conclude wrongly that Cd
is efficiently extracted without being extracted at all.
2. The chemical separation system extracts Cd efficiently but does not extract any Ag. We
measure no (or very weak) intensity of the 88 keV γ-line in the organic phase (since all
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produced gamma activity is now found in the aqueous phase), and concludes wrongly that Cd
is not extracted.

Simplified gamma spectrum for 109Cd
showing the γ-ray of the internal transition
in the isomeric state of the daughter
nucleus, 109mAg. Also shown are the x-rays
for the resulting daughter 109Ag.

Remedial actions may be twofold:
1. If possible, insert a flow delay line between the end of the separation step end the detector of
about 4-5 min to ensure that activity from any primary extracted 109mAg had died out, and that
the present counting rate of the 88 keV γ-ray originates from the growing-in of 109Cd to a
secular equilibrium.
2. Perform measurements of small collected aliquots of fluids from various flow lines, and wait
a minimum 4-5 min before off-line counting operations are performed with the same
argumentation as in the point 1 above.
Specific separation case: Removal of the contaminant Cd from phosphoric acid
One of the industry participants in the previously
described hydrometallurgy project is a main producer
of fertilizer on a global scale, including phosphate
fertilizer. This type of industry is facing two main
challenges: 1. Governmental bodies impose
increasingly strict regulations on products to be used
in the agriculture and food industry like fertilizers. 2.
Rich and clean phosphate mineral resources are being
depleted at an increasing speed, and less rich and
clean resources have to be explored and exploited.
The fertilizer company wants to be ahead of the
Brief description of a promising
authority regulations, and has implemented a program
separation scheme for Cd basedon liquidfor minor toxic component removal in the fertilizer
liquid extraction.
production process. Cd is one of these unwanted
components. Our task is to develop a chemical separation scheme for removal of Cd from
process fluids by liquid-liquid extraction. Application of the separation system results in an
extraction efficiency of 99.3% and a subsequent stripping efficiency of 99.2%. This gives a
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combined separation efficiency in one extraction-stripping step of 98.5% which must be
regarded as very promising.
We have also started to explore the possibility of
getting rid of the organic phase as such and
introduce the extraction agent as chemically
(covalently) bound components on micro-sized
paramagnetic particles, which, after extraction
equilibrium, may be readily separated from the
remaining aqueous phase by a strong magnetic
field and reused after a stripping process. A
continuous process is possible. There will be more
about this technology in the RCM3-report and the
final report by the end of 2018.

Principle sketch of super-paramagnetic
particles where complexing agents are
chemically grafted onto the particle surface
together with some analyte, which allows for
simple detection of the particles

4.12. PAKISTAN
PAKISTAN
Introduction: Novel solutions and technologies are developed for management and
conservation of natural resources. Radiometric techniques are continuously evolving for
mineral resources exploration and process optimization in mineral industries.
Specific program for the work for whole period
Nuclear logging techniques of various types’ application for mineral resources exploration
(calibration, PGNAAA applications, optimization, applications of logging tools in the field)
Studies of floatation processes using radiotracers, RTD and CFD modeling for processes
optimization
Detail of the work done in the current year: Analysis of bulk coal models by PGNAA
analyzer Radiotracer RTD analysis in two phase flow system (froth flotation column) and
CFD simulation of two phase flow of froth floatation column.

Analysis of bulk coal models by Prompt Gamma Neutron Activation Analysis (PGNAA)
Analyzer
Coal model as bulk from coal was prepared at site of coal mine Khajoola , ChoaSaidan Shah,
District Chakwal shown in Figures-1.The model was statically logged with PGAA Analyzer.
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Energy based spectrums Vs prompt gamma and natural gamma of model was achieved and
observed in the SIROLOG Winview software. The results are shown in the figures below.

PGNAA spectrum of coal heaps

Ash analysis of bulk coal by PGNAA
1) Radiotracer RTD analysis in two phase flow system (froth flotation column)
A Rectangular shape flotation column, Perpex made front side and steel made other three sides
is installed for radiotracer RTD analysis for investigating the flotation kinetics while dealing
with air-water interface in a column of 20.2 cm in internal diameter and 427 cm in height.
Water and air flows counter-currently. Axial dispersion plug flow occurs in tall but relatively
narrow flow channels in which air bubbles rises against the primary liquid phase in a counter
current manner. This type of flow regime is well studied for investigating flotation kinetic in a
flotation column cell in which process efficiency strongly depends on axial dispersion in the
primary phase region. Liquid phase axial dispersion flow in a flotation column was developed
and hydrodynamics of air-water interface was investigated using radiotracer residence time
distribution RTD analysis. 99mTc generated from 99Mo-99mTc ("molly") radionuclide source
was selected as aqueous phase radiotracer and scintillation detection system of NaI probe
(2”x2”) for counts measurement. Parametric dependence of axial dispersion on operating
conditions at stable air-water interface height and their optimization was investigated by
selecting axial dispersion model (ADM). RTD software was used to simulate the mean
residence time (MRT) curve to study the hydrodynamic of the system under investigation. It
was observed that the flotation system is characterized by small values of Peclet number (Pe)
which reveals an approaching axial dispersion plug flow. This axial dispersion tends to provide
large dispersion (mixing) inside column with an increase in Peclet number value but for very
high Pe values the non-mixed plug flow condition prevails. Optimized peclet number value
was suggested along with the optimized MRT for selected flow conditions.
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Floatation Column, Tracer Response at Air and Water Interface, Tracer Response at Column
Outlet

2) CFD simulation of two phase flow of froth floatation column
Development of CFD based model of froth floatation column
Geometry creation and meshing for 3-D CFD simulation froth flotation column
The software used for CFD simulation is ANSYS 2015. Geometry is constructed in design
modular as per specifications given in Table below.

Specifications of rectangular flotation column
Height of the column (m)

4.27

Width of the column (m)

0.2

Height of the sparger (m)

0.2

Width of the sparger (m)

0.2

Diameter of sparger hole (m)

0.03
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Isometric view of flotation column
Models used and simulation strategy
Euler-Euler multiphase flow model was chosen for CFD simulation of the subject system.
There are various turbulence models available in the ANSYS 15 software to describe the
effects of turbulent fluctuations in the velocities of phases and other scalar quantities.
Standard k-ε turbulence model for each phase was chosen to model the turbulence in the
system.
The flow inside the column is two phase counter current. The heavy phase (water) and the
light phase (air) were taken as continuous and dispersed phases respectively. The diameter of
the droplet was assumed constant as 0.005 m. The operating pressure was set as 101325 Pa (1
atmosphere) and the gravity was set to 9.8 m/s2 in the negative direction of z-axis in the
operating condition panel. Specified velocity boundary condition was used at the inlets and
outlets of continuous and dispersed phases with magnitude and appropriate direction of flow.
Pressure outlet boundary with zero Pascal gauge pressure was established at the bottom of the
column as per schematic of the column. A no-slip boundary condition was used for the walls
of the column and inlets of both phases. Boundary conditions used for simulation were set.
The two phase flow inside the column was simulated using steady state conditions.
Discretization was carried out using the first order upwind scheme for momentum, turbulent
kinetic energy, turbulent dissipation rate and volume fraction. Phase coupled SIMPLE scheme
was utilized for pressure-velocity coupling. Suitable values of under relaxation factors for
pressure, momentum, density, body force, volume fraction, turbulent kinetic energy, turbulent
dissipation rate and turbulent viscosity were provided for calculation.
Results and discussions of CFD Simulation
The figure below shows a planer view of contours of volume fraction of dispersed phase (air)
in the bottom conical section of froth flotation column. It has been observed that the air enters
from the bottom conical section of the column and starts moving towards the sparger holes
and in downward direction as well. A recirculation pattern of air has been observed in the
bottom conical section of the column (Fig. 6). After recirculation, the air starts moving
towards the 20 cm thick sparger section.
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Contours of volume fraction of dispersed phase (air) in the bottom conical section of the
column

Velocity vectors of dispersed (air) in the bottom conical section and sparger holes

Contours of volume fraction of dispersed phase (air) inside the sparger plate holes and section
above the plate
These results have been achieved for 2300 iterations with steady state flow operation. A
longer time is required to achieve the converged as the complete solution of problem is
computationally expensive keeping in view of our existing computing facilities. Further work
on the CFD simulation of froth flotation column is in progress. Work on the experimental
setup for carrying the radiotracer RTD analysis is also in progress. It is planned to compare
the results obtained by CFD and radiotracer RTD analysis during the coming years of the
project.
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4.13. PERU
Evaluation of leakages in Peruvian mineral tailing deposits by the aid of radiotracers - A
case study in the frame of the CRP
1. Introduction
Evaluation of leakages in Huinipampa and Ccamacmayo tailing deposits have been performed
in Antapaccay Mining Company, located in Espinar, Cusco-Peru, through the injection of
tritiated water as a proper tracer, and the use of isotope and chemical techniques, in order to
confirm the existence of filtrations in the neighborhood of such tailing deposits. As a result of
it, it could be established a cause-effect mechanism between the deposits and its corresponded
influence area as a receipt bodies of contamination by tailing elements.
The surface of Ccamacmayo deposit is 177 Ha. The deposit remains at 4005 m. above the sea
level with 10 m. wide walls (the base of the surface soil remains at 3940 m.) The deposit has
contention walls made by the use of sterile material from the mining activities.The surface of
Huinipampa deposit is 184 Ha. And its maximum heigh reach 4010 m. above the sea level
(the base of the surface soil remains at 3970 m.).The total area under evaluation is around
5311.09 km2, up to 4 000 above the sea level. (See figure 1).
2. Objective
To establish a cause-effect mechanism between the two mineral tailing deposits and its
corresponded influence area, as probably receipt bodies of contamination.
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General map of the system under evaluation, showing the positioning of the monitoring points
3. Methodology
a. Establishment of the monitoring points.
b. Analysis of the existing information, including Environmental Impact Reports, from
previous studies, as well as complementary data collected as a result of a preliminary
inspection visit to the place under study.
c. Determination of the Activity for the radioactive tracer to be used.
d. Injection of tracer.
e. Sampling in the previously defined points where naturally water flows remains.
f. Monitoring, detection, measuring, sampling and quantification of the tracer in the places
where water flows appears as possible contribution of leakages from the tailing deposits.
4. Experimental design
4.1Estimative of the tracer dilution field
A conservative assumption is done, that the injected tracer is naturally diluted into a defined
volume of the system which is moving following a flow pattern. La first part of the
calculation is to estimate an expected dilution volume. Most common flow patterns assume a
radial geometry. This estimative has given goods and robust results in a wide field of
situations.
The smallest required injection pulse is generally the amount of the necessary tracer to
produce an average concentration of 10 times the Minimum Detection Limit in such a dilution
volume.
The dilution volume Vd, can be computed in advance by the aid of a radial approximation to
the geometry of the flow pattern. If r is the distance from the input of the tracer, φthe porosity
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of the formation, h the thickness and Sw the water saturation, then the volume considered by a
radial approximation will be:

The sensitivity of detection for a given radioisotope is computed from the environment
background without any tracer presence, for a geometry factor equal to one. The Minimum
Detection Limit (MDL), is the calculated value in two standard deviations, and is generally
called as the one of the confidence level of 95%. The minimum tracer activity, A, enough to
be higher than 10 times the MDL is given by:

where Cb is the environment background counting rate by unit time, t, E is the counting
efficiency of the detector for the given radioisotope, Vs is the volume of the sample and Vdis
the dilution volume of the water field.

Considering a maximum radio of 3,5 Km. Given by the most distant monitoring point, taking
into account the dimensions of the tailing deposits, and assuming conservative excess values
forSw, and h, the labeled volume considering the neighborhood of the tailing deposit would
be:
Vd = 3.1416 x (3500 m.)2 x 6 m. x 0.3 x 0.4 = 27143424 m3
For each 1 Ci entering the aquifer, we found the following average concentration, Cm:
Cm = 106µCi / 27143424 m3 = 0.037 µCi/m3,
Non detectable directly by liquid scintillation, and it would be necessary an enrichment .But,
the recommended necessary activity is:
A ≥ 10 x MLD x Vd
A ≥ 10 x 1.5 x 10-2Bq / l x 27143424 x 103 l
A ≥ 407151360 Bq (1.1 Ci)
With this result, we found the following average concentration, Cm:
Cm = 1.1 x 106µCi / 27143424 m3 = 0.044 µCi/m3,
Just a little bit detectable directly by liquid scintillation.
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For safe, we use 2.5 Ci. With this value, we obtain the following average concentration, Cm:
Cm = 2.5 x 106µCi / 27143424 m3 = 0.1040 µCi/m3, which is perfectly detectable directly by
liquid scintillation.
4.2 Analysis of the result of the de Tritium Activity to be detected
The following data were considered to confirm the estimated Activity of the tracer to be used
in the experiments.
Parameter

Value

Distance max injection-sampling

3500 m.

Porosity (conservative estimation)

0.4

Saturation of water (conservative 0.3
estimation)
Average layer thickness (information 6.0 m.
from the company)
Volume involved (computed above)

27143424 m3

When Tritium is used as tracer, samples are measured by liquid scintillation. The necessary
parameters of the equipment to establish the detection limit are showed below:

Parameter

Value

Background

0.033 CPS (2 cpm) (*)

Efficiency

0.28 counts/ disintegration

Measuring time

10 min.

Sample volume

50 mL

Detection Limit

4.67 Bq/L

(*) Estimated for common liquid scintillation equipments< 6 UT (Unidades de Tritio)
The Detection Limit is calculated by the use of the following equation:
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Ld = 2.8 * (0.033 *60*10)1/2 /0.28*10*60*0.05= 1.48 Bq/L (equivalent to 12.4 UT)*
(*) 1 UT = 0.11919 Bq/L
Considering 3 Bq/L (around three times the detection limit), as an average concentration of
the water body in which all the injected tracer is dissolved water volume, we find an
Activityequal to 81.08 x 109Bq or 2.2 Ci. This result confirms that the estimation ofthe
Activity of tritiated water to be injected (2.5 Ci) was correct.
5. Experimental part
5.1 Injection of tracer in Huinipampa deposit
The injection system was prepared to release the tracer in a short term of about two minutes,
for both tailing deposits. The volume of tracer was 5 ml with 2.5 Curies of total Activity, in
4,0L. of the same water from the tailing deposit. (Figure 2 additionally shows the prepared
injection system).

(a)

(b)

Preparation of the injection system and the tracer at Huinipampa tailing deposit, b.
Radiotracer injection at Huinipampa deposit
5.2 Injection of tracer at Ccamacmayo deposit
According to the establish schedule, the next day, after the tracer injection in Huinipampa,
injection in Ccamacmayo deposit was realized, even with problems encountered as a result of
the fact that there was no water in Ccamacmayo reservoir, as it was in the previous inspection
some weeks before.
Since there was not a water mirror in Ccamacmayo deposit, some other injection technique
could cause a change in the natural conditions in the dynamic of the tracer as there would not
exist a hydrostatic head to charge or force the percolation of the tracer, with serious influence
in the residence time among other parameters of the system.
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It was decided to study the results of tomographic studies performed in the previous days with
clear indications of the zones with the highest permeability in the base of the dry deposit.
Finally, an injection point was selected in a high permeability point. An excavation of a 4 m.
depth hole was performed, then the injection of 2.5 Ci of tritiated water covering 2 m. more
with water and completed the rest with the same material that had been taken from the
deposit, until completing the initial surface of the bottom. An especially conditioned truck
with a tank carrying water from the processing plant poured water during some weeks, in the
same place where the tracer was injected, in order to keep a head of charge to allow the tracer
migrate at least to the dynamic level of the water in the tailing deposit.
Taking into account the result of tritium analysis, the data processing by the aid of the
software DTR-8, indicates the presence of artificial tritium in one point of the monitoring
selected points, named P-13 or Canal Quetara.

(a)

(b)

(c)

a) Ccamacmayotailing deposit: Excavation prepared in high permeability area, for tracer
releasing.
b) Tracer injection in the excavation prepared in Ccamacmayo deposit.
c) Pouring some water in the excavation after releasing of the tracer. At some level of
filling, the hole was covered with the same soil of the excavation. Finally, the place
was flooding with water in order to keep a head of charge to allow the tracer migrate
at least to the dynamic level of water in the tailing deposit.
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6. Results

Results of statistical analysis of the total radiotracer response curve flowing by the point
P-13, Quetara Channel-Huinipampa
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Complete response curve of the evolution of Tritium in the point P-13, Quetara
Channel, Huinipampadeposit.
The following table shows the balance of the radiotracer which appears at the point P-13,
Quetara Channel, in the neighborhood of Huinipampatailing deposit.
t
(day
s)

Backgrou
nd
average,

UT,
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ed

UT

UT Specifi
,
c
net Activit
y,
(*)
Asp.,
Bq/L

Specifi
c
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y,

∆t

Q

(day
s)

(L/
s)

Actividad=
Q(L/s)*Asp.(pCi/L)*
∆t(s),
1012pCi/Ci

pCi/L
, in Curies (Ci)

0

4

4.0

0

0

0

0

8.0

0

12

4

6.0

2.0

0.2384

6.442

12

8.0

0.0000535

24

4

4.0

0

0

0

12

8.0

0
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4

71.7

67.
7

8.0692

218.06

13

8.0

0.0019594

64

4

29.0

25.
0

2.9798

80.53

14

8.0

0.0007792

81

4

4.0

0

0

0

17

8.0

0

Total Activity of the recovery tracer in the period from 06.07.2016 0.0027921
to 06.10.2016

(*) 1Tritium Unit (UT):
1 UT = 0.11919 Bq/L (Becquerels/L.)
1 UT= 3.221 pCi/L (Picocuries/L.)
Since the Activity of the tritiated water injected in Huinipampa deposit was 2.5Ci, this means
that during the 18 months monitoring period, 0.0027921Ci left the Quetara Channel (Point P13) in such a period. Then, the accumulated Activity registered at the tracer cloud in the
monitoring point P-13, results in:
( 0.0027921 / 2.5 ) x 100 = 0.1112%
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5.CONCLUSIONS
a) At present, it is evident the presence of artificial tritium in the neighborhood of
Huinipampa tailing deposit(Point P-13, QuetaraChannel).
b) Taking into consideration the mean residence time of the tracer cloud and the
complete response curve, the fraction of tritium in the point P-13, Quetara
Channel, in Huinipampa deposit, appears after 317 days from the first measuring
and remains flowing by such a point during the next 40 days in small pulses.
c) The mass balance of the recovery tracer by the point P-13, Quetara Channel, in
Huinipampa deposit, indicates that the same represents 0.1112% of the total
Tritium Activity injected, remains flowing in the interval from 264 to 330 days
from the first measuring moment.
d) In the case of Ccamacmato tailing deposit, there is no tritium appearing until this
moment. However, the high conductivity encountered in some points of the
monitoring area, ranging from 2720 to 3380 µS/cm as well as a clear high
concentration of Cl-, SO42- and Na+, indicates that exist high probability that such
values could correspond to waters from the Ccamacmayo deposit.
Future experiments as routine determinations in mining activity in Peru
(a)
(b)
(c)
(d)
(e)
(f)

Evaluation of Continuous Blending Silos
Improvement of the efficiency of rotary kilns by the aid of radiotracers
Evaluation of recirculating milling system by the aid radiotracers
Prompt gamma Nuclear Activation Analysis in extractive metallurgy raw
materials
Determination of flows in groundwater by the use of tracers
Determination of flow direction in groundwater by the aid of radioactive
tracers

4.14. POLAND
Radiometric Methods Applied in Hydrometallurgical Processes Development and
Optimization
The copper industry in Poland is one of the most stable and profitable branch of the Polish
economy and the fastest growing industry. Polish company KGHM has become one of the
leaders of global electrolytic copper and refined silver markets all over the world. The basic
technologies applied in KGHM are based on pyrometallurgy technology in the shaft furnaces
and in the one-stage flash furnaces, which are constantly being improved. Copper production
waste contains significant quantities of copper, silver and other metals. Therefore, due to the
high costs of production of copper, and possibility of recovery other metals, a new, alternative
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method of copper production is being searched for. The solution might be hydrometallurgical
process. Scientific objective of the project is elaboration of efficient method for recovery of
copper and critical metals from the various raw materials even with very small quantity of
these elements. The designed technology will enable processing copper raw materials which
have not yet been taken into consideration as a metals source and, as can suppose, this will
directly related with the increase of the Industry potential. The suitable tools for process
investigation are radiotracers since most of the elements involved may be activated and their
radioactive isotopes easily detected. The separation efficiency, process kinetics and flow
dynamics of hydrometallurgical systems can be therefore qualitatively and quantitatively
evaluated. Radiometric methods based on radiotracers will be developed for
hydrometallurgical processes investigation and optimization.
At first part of the project, we focused on the leaching stage. The samples used in experiments
were collected from Polish Geological Institute – National Research Institute. The main
components of the samples of ore from deposit in Lubin region, were chalcocite (Cu2S,
29.2%), bornite (Cu5FeS4, 47.5%) and chalcopyrite (CuFeS2, 23.1%). The sample of waste
flotation was taken from wastes collected from landfill reservoir Gilów
Samples of material were grinded to a powder and then dried at 110oC for 2 hours, than were
analyzed with the use of ICP-MS (Inductively Coupled Plasma Mass Spectrometry)
technique. The ICP-MS instrument, ELAN DRC II PerkinElmerTM, with a cross-flow
nebulizer and with a Scott double-pass spray chamber and Ni cones was used in
measurements. The uncertainty for elemental determination by this method was evaluated to
be 3-10% depending on the element. The composition of Cu ore analyzed by ICP-MS: Cu
(3.9%), Pb (2.7%), Fe (2.4%), V (1.4%), Mn (1,4%), Ag (220ppm), Mo (340ppm), Ni
(380ppm), Zn (390ppm), Co (400ppm), Ce (47ppm), U (18ppm), REE (72ppm). The
composition of flotation tailings: Cu (1%), Pb (0.33%), Fe (0.9%), V (0.14%), Mn (0.12%),
Ag (55ppm), Mo 35(ppm), Ni (70ppm), Zn (320ppm), Co (122ppm), Ce 23(ppm), U (6ppm),
REE (42ppm).
Calculation for activation into neutron flux has been made. Next step was developing
radioanalytical procedure. The samples were activated into research nuclear reactor under
following conditions: neutron flux 1014 n cm-2s-1, time 15 minutes. As an optimal radiotracer
isotope 64Cu was selected. A characteristic peak for this isotope at 1345.7 keV was used.
After 75 h of cooling the activity of the 64Cu was 21.5 MBq, TCu1/2 = 12.8h. The activity
measurements were performed using Canberra gamma spectrometer with Ge detector. The
concentration of the Cu can be calculated using standards; the results of initial experiments
are shown below.
Next step of works were leaching tests. Several acids in such as H2SO4, HNO3, acetic acid,
citric acid, ascorbic acid in various concentrations were used. Optimal concentration of the
acids and leaching times were selected. The radiotracers analyses were also performed and
concentration of leached metals was calculated. The results obtained using sulphuric acid
weren`t satisfied. Recovery of Cu from ore was below 15% and from flotation tailings below
25% of initial Cu concentration. REE metals were recovered below 50% in both. Only Mn
was leached in 90%. The leaching using sulphuric acid needs oxidizing conditions so future
experiments with ozone will be performed. Metals recovery ratio obtained using organic acids
was much lower c.a. 10% - 50% worse.
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Results of leaching Cu from raw materials calculated from gamma spectrum
The highest percentage of metals recovery was obtained using nitric acid in concentration 814M. Detailed results for wide range of concentrations of HNO3 are showed on figures 4 and
5. The samples were leached 24h. Copper was recovered in 90% from ore and 80% from
flotation tailings. REE metals were leached in 50-70%. Other valuable metals such as Co, Mn,
Zn, Mo, Ni, and Re were also leached above 60% of initial concentration.

Results of leaching metals from Cu ore using 2M H2SO4
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Results of leaching metals from flotation tailings using 2M H2SO4

Results of leaching metals from Cu ore using HNO3 (various concentrations)
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Results of leaching metals from flotation tailings using HNO3 (various concentrations)
Leaching experiments will be continued. Optimal parameters of the process will be selected
before scale up to 100 liters reactor. Experiments with strong oxidizing agents will be
performed as well. Next step of the process is solvent extraction. Solvents ACORGA M5640
and ACORGA P50 were selected for preliminary tests.
Summary
The copper mining and ore processing is one of the most important industry for Polish
economy. However the technologies used lead to high losses of valuable metals. During the
copper ore processing, large amounts of flotation wastes are produced. The development of
hydrometallurgical technologies is necessary for higher elements recovery efficiency. The
analyses of the raw material have been carried out. The samples contain several metals such
as: Cu, Co, Zn, Mn, Ni, Re, Ag, V and REE etc. in various concentrations. First stage of the
project was developing of leaching process. Various acidic leaching media were investigated.
Usage nitric acid allowed to recovery high amount of metals. Radiotracer method using 64Cu
was suitable tool for process investigation to accelerate the analytical procedures. The
leaching process will be optimized before solvent extraction step.
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4.15. MYANMAR
Low Activity Nucleonic Gauge Design and Application for Mineral Ore Production
Industries

1. INTRODUCTION
There are several hundred thousand nucleonic gauges installed in industries all over the
world. Many of them are commercially available from several manufacturers. However,
significant numbers of nucleonic gauging system are not yet in the market as standard
products and the development of a new generation of nucleonic devices is ongoing. The
request for the nucleonic gauging technology is steadily increasing; many developing
countries are interested in this technology.
Myanmar, developing country, has a lot of natural resources and also mining factories. NCS
technologies are used in these factories. In order to understand the basic information on
nucleonic gauge methodology and technology and the study will take the concern of NCS
application. The study will mainly observe the challenges of NCS used for online
measurements on processing line.
2. MATERIALS AND METHODS
Research was performed using gamma-ray spectroscopic system, which is installed at Nuclear
Physics laboratory in Pyin Oo Lwin. Low activity 2.6 MBq (2016) gamma Cs-137source, 1
inch × 1 inch NaI(Tl) detector were used to determine the changes of density. The analysis
and application program which based on the gamma radiation attenuation law by using with
CASSY Lab and MATLAB software packages were created. MCNP 4C simulation code was
used for determination of density changes and linear attenuation coefficient with various
density materials. MCNP simulation is used to check and validation purpose in the
comparison of the results from experimental measurement and theoretical calculation.
2.1 Experimental Set Up of the Density Gauging System
In the measurement of gamma ray attenuation, the gamma ray spectrometer consisting of a
NaI(Tl) scintillation detector(1 inch×1 inch), 137Cs gamma radiation source with current
activity (2.67 MBq) and other detection assembly were used. This system is PC based
gamma-ray spectroscopy system which communicates with PC through USB port and data
acquisition and control system. Measurement is performed by PC based on application
program, which is created in MATLAB package and CASSY Modules.
2.2 Creation of Programme for Density Gauge by Matlab.
In this present work, we created the analysis and application program for density
measurement of liquid and solid powder and metal sheet. The design of density gauging
system which based on the gamma radiation attenuation law by using with CASSY Modules
and MATLAB software packages are created.

56

The density of research material can be determined by using this programme and not only the
Accept or Reject condition of current measurement of research material but also other
physical and chemical properties of the materials such as thickness and absorption coefficient,
etc. The schematic diagram of measurement with program for current design and model of
experimental setup for gamma density gauging system is represented in figure below.

Schematic diagram and experimental set up for gamma density gauging system (GDGS)
By category of application condition in the experimental designed with two types of program
as follows;
(g)
(h)

Apply program with experimental measurement for gamma density gauge
system
Analysis program of experimental results in gamma density gauge system(Lab
Scale System),

For analysis and experiments with various method of gamma density gauge system were
designed program of gamma density measurement and attenuation measurement in gauging
system “GDGS” and this program operated with MATLAB-GUI and CASSY-modules. The
general block diagram of analysis program and apply “GDGS” of experimental setup for
gamma density gauging system is shown in above.
In program “GLDAGS” at first load and read the digital data from MCA box with CASSY
sensor of detecting assembly for current measurement with default parameter. After this step
then program recorded the count in each channel in every second for the whole measurement
and execute the spectrum file. Obtained measurement spectrum has been calibrated with
energy of gamma radiation source, which use in current measurement, and execute as the
energy spectrum file. After that program “GDGS” load the energy spectrum file, which saved
by measurement and defines the initial parameters of energy spectrum file for current
thickness. In next step and calculate the current density and other relative factor such as LAC
and MAC of researched material. The interface of program’s main menu is shown in figure
below. This program can be carried out such as density and thickness measurement with
appropriate gamma radiation sources as 60Co and 137Cs and the attenuation coefficient and
density of research materials can be determined.
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Block Diagram of program "GDGS"

Interface of “GDGS” program’s main menu
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2.3 Determination of Density Changes by MCNP simulation
MCNP is an example of Monte-Carlo code such as MCBEND, MONK, GEANT4 and the
general-purpose Monte Carlo N-Particle transport code, which can be used to track for
neutrons, photons, and electron and so on. It uses a continuous - energy nuclear and atomic
data libraries to treat three-dimensional configuration of materials in geometric cells bounded.
In the simulation MCNP-4C code was used to determine the gamma photons numbers
transmitted through the absorber materials. Afterwards, we determined the number of
absorbed gamma-rays in the material to evaluate the linear attenuation coefficients. Schematic
representation of the source and detector construction in visual editor is shown in Figure
below.

Geometry of Detector and source in visual editor
In this simulation, calculations were performed by considering distance 6cm of source to
detector and between them replacing different absorber materials with thickness 1cm added
up to 5 cm layer by layer. The detector response function was determined by means of pulseheight tally named F8 tally in the MCNP input file. This tally scores the energy distribution of
pulses created in a detector by radiation. The net response was the spectra of pulses with
heights proportional to the frequency of events in distinct energy bins.
All materials of detector were defined in the MC input file. These materials were aluminium
with density of 2.7 &/() and NaI with density of 3.6 &/() .Due to thesimulation process
in code, the total simulation geometry is shown in Figure 2.4, and, as it can be seen, there is
one cylindrical 1 × 1 inch NaI(Tl) detector of height in crystal 2.54 cm and diameter 2.54 cm
with a monoenergetic isotropic point source.
Input parameters for simulation such as detector, which consist of density of 2.7 &/() and
NaI with density of 3.6 &/() and absorbers with different densities aluminum(2.7 &/
() ),iron ( 7.86 &/() ) and lead (11.34 &/() ) have been defined in cell card and surface
card sections of MCNP input file by considering different variables such as geometry,
location and dimension. In the present study, the gamma-ray source, 137Cs with an intensity of
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108 and energy 662 keV also have been defined in data card. On the other hand, one of the
important definitions is material specification by considering atomic number, mass number,
and density for object materials. These geometry are chosen for same conditions in the
experimental measurements. The MCNP simulation is used to check and validation purpose
for the determination of the density changes with the experimental measurement.
4. CONCLUSION
The simplest low activity nucleonic gauge local design with using program is many useful
measurements can be made in Myanmar. The development of NCS will considerably broaden,
or at least reinforce the knowledge of scientists and technicians as well as giving them
valuable appreciation of the needs of universities and industries in Myanmar.
TUNISIA
1.
Introduction
Two different chemical reactors in GCT company plants were diagnosed by applying
radiotracer method. The two diagnosed reactors (one in Skhira plant and one in Sfax plan) are
for production of phosphoric acid and TSP (Triple Super Phosphate).The diagnosis of these
reactors hydrodynamic behaviors was requested to evaluate the necessary parameters for
assessment of the current performance and for planning further action to improve their
efficiency.
2.

Radiotracer experiment: RTD measurements

2.1. SIAPE process of Skhira plant
The reactor of Skhira plant is for phosphoric acid production. It consists, as described in
section 1.2. (SIAPE process), of a cylindrical tank (“reactor” in Fig. 4 divided into a central
compartment and an outer ring shaped compartment. The central compartment has an axialradial double-impeller agitator, while in the outer ring shaped compartment are installed 7
radial impeller agitators to assist the recirculation and homogenisation process generated by
the central compartment. The physical volume of the reactor is 900 m3 and the flow rate of
the pulp is approximated to 290 m3/h. In the central compartment is introduced separately the
sulfuric acid (H2SO4), the tricalcium phosphate (Ca3(PO4)2) naturally existing in the
phosphate rock and the recirculated phosphoric acid (H3PO4) (weak acid).The filtration stage
separates the phosphoric acid from the calcium sulphate dehydrate (CaSO4). Five tons of
gypsum are generated for every ton of phosphoric acid produced (as26–32% P2O5). The tracer
experiment was carried out under production conditions for a steady state regime.
Approximately 50 mCi of 131I (Na131I) was injected. The radiotracer was obtained from a
nuclear medicine department in Tunis. The radiotracer was injected at the entrance of the
reactor inside the central compartment through the pipe feeding sulfuric acid.In order to
record the tracer concentration-time curves, a gamma rays detector was placed at the exit pipe
from the outer ring shaped compartment of the reactor.
The pulp flow through the reactor is characterised by the residence time distribution (RTD)
function E(t):
* (+ ) = -

,( )

. ,( )
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where I(t) is the count rate measured at the exit pipe from the reactor.
The radiotracer detection at the outlet of the reactor was measured using online (continuous)
method with scintillation NaI detector (2”x2”) well collimated. Taking into account the
relatively low radioactivity of 131I provided by the hospital (near the limit of detection), the
step measurement time for online test was fixed to 3 minutes in order to obtain sufficient
number of pulses for an acceptable accuracy.

2.2. Modified SIAPE process of Sfax plant
The chemical reactor of Sfax plant has another design compared with the chemical reactor of
Skhira site because it materializes the “modified SIAPE” process (described in section 2).
Figure below presents the layout of TSP production process of Sfax plant reactor.

Layout of TSP production process (modified SIAPE Process) of Sfax plant reactor
To ensure good crystal growth, pulp is fed from the outer section of the reactor (R1 in Fig. 1)
to the digestion tank (R2 in Fig. 1), where it is cooled before being returned to the central
compartment of the reactor R1. The main reactor R1 has a volume of V1= 450 m3. The flow
rate of the pulp production (going to the filter) at the outlet from the reactor R1 to the filter
was around Qout = 190 m3/h. The digestion tank R2 has a volume of V2 = 90 m3. The external
recirculation rate from R1 to the digestion tank R2 was Qextcir=1500 m3/h. Tracer test was
carried out under production condition using 200 mCi of 131I (Na131I) obtained from a nuclear
medicine department in Tunis. The radiotracer was injected at the entrance of the reactor R1
inside the central compartment through the pipe feeding sulfuric acid. The tracer
concentration-time curves were measured by placing two detectors (2”x2”), one at the outlet
of R1 and the second at the outlet of R2. Both detectors were well collimated with lead shield
to reduce the influence of background radiation. The step measurement time was fixed to 10s
in order to detect fast movements inside and outside the reactors, in particular to measure the
flow rate of the internal recirculation inside the reactor R1. The pulp flow through the reactor
is characterised by RTD function E(t) defined in equation (1). The radiotracer measurement at
the outlet of the reactors was performed using online (continuous) method. The test duration
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of 7h30 allowed obtaining almost full experimental curves. The experimental curve obtained
at the outlet of R1 represents the hydrodynamic of pulp in the whole system.
3.

Results and discussion

3.1. SIAPE process of Skhira plant
Figure below shows RTD experimental data obtained from radiotracer test performed online
on the Skhira plant reactor for phosphoric acid production using 131I as tracer. Data are
corrected for background and radioactive decay.The RTD curve observed is a decaying
sinusoid imposed on an exponential decay and is typical of the response of a well-stirred
system to an impulse input. There is no long tail observed.

Experimental RTD curve of Skhira plant reactor (50 mCi 131I, 3min step measurement time)
Treatment of the experimental RTD data provided a MRT (mean residence time) Texp =2 h.
The theoretical MRT calculated from physical volume V =900 m3 and flow rate Q = 300 m3/h
is Tth = 3 h. Based on the experimental MRT found from tracer experiments, we calculated the
active volume of the reactor during the experimental time:
" = 0 1 2 = (300 ) ⁄4# . 24

600 ) (2)

The non-active volume is consequently estimated of nearly 300 m3. This means that nearly
1/3 of the reactor volume is inactive to the process. Based on the regular form of the RTD
curve (without any long tail) we can state that the inactive volume in this case is very
probably a dead volume or a blocked volume by the solidified material (more that 30% of the
reactor volume was a slag). The perfect mixing model of the experimental RTD indicates that
parts of the pulp are staying inside the reactor from few seconds till nearly 6 hours. This is
shown from the cumulative RTD function F(t):
7 +#
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The cumulative curve can be useful when analysing the behaviour of the reactor. The
distribution of the contact times results relatively large: there are raw materials leaving the
reactor very early without undertaking the chemical reaction (reducing the quality of
production), as well as there is pulp remaining in the reactor much longer that needed,
spending energy and reducing the yield.
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Recycles in principle should be indicated in the experimental RTD curves by peaks accepting
the assumption that every recycle is represented by a maximum of the record of the radiation
detector in the outlet of the reactor. A recycle is counted from the moment the pulp moves
from the central compartment to the outer ring shaped compartment of the reactor through the
“overflow, then pulp circulating in the outer compartment in unique sense till arriving back to
the initial point where the output is located as well. In this moment the recycled pulp is
splitting in two parts, one part leaving the reactor and the other part continuing the next
recycle by re-entering to the central compartment through the “underflow”.
The first peak in the online experimental RTD curve (Fig. 2) is observed immediately after
injection (the first experimental point of three minutes). This peak is an index of the
recirculation time inside the reactor because it is happening just at the beginning. The other
successive recirculation peaks are not any more evident because they are overlapped by
exponential curve of perfect mixing that occurs in few minutes. Taking into account the step
measurement time of three minutes we can say that the flow rate of the internal recirculation
Qr is higher then:
0 : " ⁄+
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Where: Va is the active volume of the reactor = 600 m3 and tm is the step measurement time =
3 minutes. The recirculation coefficient of the reactor (which presents the ratio of internal and
external flow rates) is much used as index of the pulp homogenization inside the reactor. This
coefficient is calculated:
0 ⁄0

12000⁄300

40 (5)

With this coefficient every reactor is practically considered as well homogenized. This is the
case of the tested reactor. This means that even not knowing very precisely the flow rate of
internal recirculation the approximate coefficient of recirculation of 40 indicates the degree of
homogenization of the pulp in the active volume of the reactor.

3.2. Modified SIAPE process of Sfax plant
Figure below shows the experimental data of the online radiotracer test for the whole process.
Data are corrected for background. Both experimental curves present more or less the same
general trend: exponential like decrease and no long tail.

Experimental RTD curve of Sfax plant reactor (200 mCi131I, 10 s step measurement time)
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Experimental RTD curve at the outlet of R2

The experimental RTD data for R1 indicates a perfect mixer for all the reactor system. The
output of R1 indicated the whole reactor system (R1 and R2) was behaving like a perfect mixer
(N=1).
The experimental MRT obtained for R1 and R2 are:
•

For R1 : T1exp = 2.35 h

•

For R2 : T1,2exp = 2.40 h

The RTD at the output of the reactor R2 represents the flow pattern in both reactors R1 and R2.
The MRT only in the reactor R2 is:
•

For R2: T2exp = T1,2exp- T1exp = 0.05 h

The theoretical MRTs for R1 and R2 calculated from physical volumes and flow rates are:
•

For R1: V1+ V2 =540 m3 and Qout = 190 m3/h

thus T1th = 540/190 = 2.84 h
•

For R2: V2= 90 m3 and Qextcir = 1500 m3/h

thus T2th = 90/1500 = 0.06 h

Based on the experimental MRT found for the main reactor R1 (which represent the whole
system R1+R2), we can calculate the active volumes of whole chemical reactor system:
•

R1: 2.35/2.84 = 83% active volume and 17% dead zone (scaling, slag or solidified
material)

The volume of solidified material in the whole reactor system (R1+R2 plus recirculation pipes)
is around 90 m3.
The first peak in the online experimental RTD curve for R1 (Fig. 3) is observed 140 s after
injection time. This peak is an index of the recirculation time inside the reactor because it was
happening just at the beginning. This means that the full recycling time within reactor R1 is
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nearly t* = 140 s. Consequently the flow rate of the internal recirculation is estimated as
follows:
0;

" ⁄+ ∗

450 ) ⁄(140⁄3600)ℎ = 11571 ) ⁄ℎ (6)

Where: Va is the active volume of the whole reactor system and t* is the recycling time.
The time separation capability of radiotracer test (10 s) was very high, so the accuracy and
reliability of this value is good.
The internal recirculation coefficient is:

= 0; ⁄0>? = 11571⁄190 = 60 (7)

With this coefficient every reactor is considered as perfect mixer. In fact, the perfect mixer
model of the reactor reflects the relatively high flow rate of internal recirculation. Internal
coefficient of recirculation of 60 indicates a very well homogenization of the pulp in the
active volume of the reactor.
4.

Conclusion

Two different phosphoric acid production reactors were studied using radiotracer method. The
first reactor was that’s of Skhira plant presenting SIAPE process and the second one was
that’s of Sfax plant presenting “modified SIAPE” process. The Skhira reactor presenting
SIAPE process has an experimental MRT of 2 h. It presents a considerable rate of dead
volume (33%) which indicates that SIAPE process is not as performant as was expected
which explains the development done to get “modified SIAPE process”.
This study proves effectively that “modified SIAPE process” is more performant and efficient
since the modeling of RTD data corresponding to Sfax plant reactor shows a functioning of a
perfect mixer. Also the dead volume in that reactor (which does not excided 17%) and the
high internal recirculation coefficient (which was 60) are indicators of good degree of
homogenization and efficient performance of the “modified SIAPE” process. However this
process needs more optimization, subject of actual work in GCT Company. Nowadays
“modified SIAPE” process is under further improvement to reach better degree on saving
energy and materials. Hence just after adjustment of their new process improvement we will
apply the same study to confirm achieved optimization if any.
5. TECHNICAL ISSUES
5.1. Proposed structure for Final Report
The participants discussed the structure for the final CRP report and came out with the
following main headings:
1.
2.
3.
4.

Introduction: ( to include challenges of the Mineral industry)
Exploration
Mining & Raw material analysis and mineral enrichment
Processing
a) Physical methods
Crushing
Milling
Floatation
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b) Chemical methods
Pyro/hydro metallurgy
5. Addressing environmental concerns in the mining industry
6. Societal considerations
7. Conclusions
The proposed groups for the preparation of the various sections of final CRP publication are
specified in the table below. The group leaders responsible for collecting group contributions
are marked in yellow.
Groups
COUNTRY

INTRODUCTION

EXPLORATION

MINING

PROCESSING

Angola

X

Australia

X

Brasil

X

Chile

X

X

X
X

X

Czech
Rep.

X

India

X

Korea
Rep.

X

Morocco

X

Myanmar

X
X

Pakistan

Poland
Tunisia
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X

X

Ghana

Peru

X
X

Cuba

Norway

ENV.
CONCERN

X

X
X

X

X

X
X

X
X

X

SOCIETAL
CON.

CONCLUSIONS
The country reports presented clearly indicate that the progress made to date are in-line with
the objectives of the CRP.
Collaboration between participants is a priority of the CRP and progress is being made in
specific topics such as Australia with Korea in neutron generators.
Participants have agreed to collaborate on the preparation of the final CRP publication prior to
the last meeting.
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5.

AGENDA

INTERNATIONAL ATOMIC ENERGY AGENCY
Second Research Coordination Meeting of the Coordinated Research Project on
Development of Radiometric Methods for Exploration and Process Optimization
in exploration, mining, mineral and metallurgical (E3M) industries
International Atomic Energy Agency, Vienna, Austria
Meeting room: VIC M7
18 – 21 April 2017
Tuesday, 18 April
09:00 - 10:30

Opening
Opening remarks : Mr. J. A. Osso and P. Brisset
o
o
o
o

Introduction of participants
Election of the chairman and rapporteurs
Adoption of the agenda
Scope and objectives of the meeting
Mr. Patrick BRISSET (Scientific Secretary, IAEA/NAPC)

o Administrative arrangements
10:30 - 11:00

Coffee break

11:00 - 12:30
CRP

Participants’ Presentations : current activities, projects within the
(All participants, maximum 20 minute each)

12:30 – 14:00

Lunch

14:00 – 17:30

Participants’ Presentations : current activities, projects within the
CRP

Wednesday, 19 April
09:00 – 12:30
12:30 – 14:00
14:00 – 15:30

Participants’ Presentations (continue if needed)
Lunch
Discussions on Technical Issues
o Review current status of radiotracers technology and their utilization in
industrial applications for multiphase systems investigation
o Review current status of sealed sources / NCS applications and their
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utilization in industrial applications
o Review current status of visualization technologies
o Review current status of modeling methodologies and software
15:30 - 16:00

Coffee break

16:00 – 17:30

Discussions on Technical Issues (continue)
o Discussion on new technologies / methodologies in radiotracers
applications
o Discussion on new technologies in nucleonic systems
o Discussion on new trends in visualization technologies / methodologies
o Discussion on integration of different technologies and methodologies
o Presentation of national work plans and expected results
o Review and harmonization of participants’ research plan
o Planning of cooperative and networking activities
o Adjustment of participants work plans
o Outline of document (Radiation Technology Series or TECDOC) to be
produced at the end of the CRP

Thursday, 20 April
09:00 – 12:30
10:00 - 10:30

Drafting of the meeting report
Coffee break

10:30 – 12:30

Drafting of the meeting report

12:30 – 14:00
14:00 – 15:30
15:30 - 16:00
16:00 – 17:30

Lunch
Drafting of the meeting report
Coffee break
Discussion on Conclusions and Recommendations

Friday, 21April
9:00 – 1 2:30

Review of the meeting report, conclusions and recommendations

12:30 – 14:00

Lunch

14:00 – 17:30

Approval and Closing
o Approval of the meeting report
o Closing of the meeting
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