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Abstract 

 

The main conclusions of the results achieved by the Activation Analysis Laboratory of the Colombian 
Geological Survey in the intercomparison exercise are presented in this article. The laboratory is introduced in 
the global context through a description of both its facilities and the available places for Activation assay, 
emphasizing the technological and organizational resources, which allowed the actual state of development. The 
interests of the facility are briefly exposed and are related with the mining exploration needs and also with the 
investigation of the Colombian subsoil, as could be expected for a National Institute for Science and 
Technology. Finally the main efforts taken in order to improve the quality of the results are exposed as well as 
the action plan and the done activities with the purpose of achieve this objective. 
 
1. INTRODUCTION 

 
The Servicio Geológico Colombiano (SGC) is a Government Scientific and Technical 
Institute attached to both the Ministry of Mines and Energy and the National System of 
Science, Technology and Innovation – SNCTI; the institute’s mission is to contribute to 
economic and social development through research in basic geoscience applied to the 
Colombian subsoil, Resources management, evaluation and monitoring of Geological 
Hazards, comprehensive management of geo scientific knowledge and investigation in 
Nuclear and Radioactive Control, meeting the policy priorities of the Government. The 
institute has the only Nuclear Research Reactor in the country where the scientists develop 
related nuclear analytical techniques, searching for its application to the Colombian needs. 
The institute also involves the use, control and disposal of nuclear materials with the aim of 
promoting the peaceful use of nuclear techniques. 
 
The Nuclear Technology Group (NTG) and the Nuclear Research Reactor (NRR) IAN-R1 of 
the SGC, began to operate since 2008 (After of 10 years of inactivity as a consequence of the 
closure of the Institute of Nuclear Issues, that was the Leader institute in Nuclear Topics). The 
NTG have done that through the development and implementation of several Analytical 
Nuclear Techniques to support institutional projects in order to get complementary 
information that could help in investigation programs focused on screening and exploration of 
water, mineral and hydrocarbon resources and thus try to contribute to the Country’s 
economic development.  
 
Specifically the NTG is working in applications related directly with the use of a research 
reactor like Nuclear Activation Analysis, Fission Tracks and Thermo Chronology, Delayed 
Neutrons and Radioisotopes Production; besides the group has the following laboratories: 
Environmental Radiometry, Stable Isotopes in Solid and Liquid samples, 14C and has 
installations like the Secondary Laboratory for Dosimetric Calibration (This laboratory offers 
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the service of Metrology and Calibration of Instruments for radiation detection used in 
Colombian Industry) and the Gamma Irradiation Plant that is the unique in Colombia. 
 
2. INSTALLATIONS DESCRIPTION 

 
2.1. NUCLEAR RESEARCH REACTOR FACILITY DESCRIPTION IAN-R1 
 
The research reactor IAN-R1 is a TRIGA type pool reactor, that uses Graphite as reflecting 
material and it is moderated and cooled by the natural convection of light water. This reactor 
uses fuel – moderator elements of U-ZrH1.6 with 20% of enrichment.  
 
The reactor works at stationary state with a power of 30 kW and could be operated at 100 kW. 
The reactor has the experimental logistic for doing the irradiation of samples in core and in its 
surroundings through a pneumatic system for sample movement Fig. 1.  
 
One of the main characteristics of the Reactor is the negative coefficient of reactivity that is a 
consequence of the elements fuel-moderator temperature, which make the reactor inherently 
safe in case of power excursion. 
 
The reactor core is located within a cylindrical Carbon steel tank with the following 
dimensions: 6 × 10–3 m thickness, 2 m diameter and 5.25 m High with a capacity to get into 
16 m3 of water. 
 

 
FIG. 1. Left: Nuclear Reactor Building IAN-R1, Centre: Nuclear Reactor Pool, Right: Nuclear Reactor 
IAN-R1 Nucleus   

 
The reactor has the following characteristics:  

 
(a) Decay Pool 
(b) Fresh fuel Storage room  
(c) Radioisotope Treatment Laboratory  
(d) Hot cell: Installation to treat and manipulate radioactive material 
  
2.2. NEUTRON ACTIVATION ANALYSIS LABORATORY (LAAN) DESCRIPTION 
 
The LAAN develops non-destructive assay methods for elemental quantitative determinations 
based on the phenomena of neutron activation using as a source of neutrons the ones 
produced by the research reactor IAN-R1 and the determination of the induced activity by 
gamma spectrometry.  
 
This laboratory has the following resources: 
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(a) A Neutron Activation Room, where the pneumatic system for sample irradiation is 
located Figure 2 left. 

 
(b) Two rooms for gamma spectrometry with the following instrumentation: A Hyper Pure 

Germanium (HPGe) Detector Canberra GC 1020, Figure 2 centre, an HPGe Detector 
Canberra CG 3018 and Canberra GC 7020 Detector, Figure 2 right. This 
instrumentation is operated through the Genie 2000 v 3.1 and 3.2 software for spectral 
analysis. 

 
The LAAN has been working in the implementation and standardization of the analytical 
technique for the elemental determination and characterization of Geological type materials 
(Like Soils, Sediments and Rocks). This work has been conditioned by the limited operation 
time of the Research Reactor IAN-R1 as a consequence of its lack of operation license, as a 
result of that, the process of implementation and standardization of the Activation method 
only has been possible during the period of technical visits of experts of the IAEA, which 
have brought support and technical knowledge for the activities involved in the Activation 
method (Two technical visits for a week each, in two years). 

 

 
FIG. 2. Left: Neutron Activation Room, Centre: Gamma Spectrometry room 1, Right: Gamma 

Spectrometry room. 
 
Actually the laboratory is working in the standardization of the operational conditions and in 
the management and study of the analysis software for gamma ray spectrometry for the 
recently bought equipment (GC 3018 and 7020 HPGe Detectors), with the purpose of 
optimizing the spectral analysis and capabilities. 
 
3. SCOPE OF CURRENT ACTIVITIES AND INTEREST 

 
It is expected that the IAN-R1 Nuclear Reactor available short-term, continuously operating 
license that allows irradiation expand services geological samples and other matrices, to 
strengthen nuclear applications related to support of trained and sufficient for the operation, to 
ensure continuity of activities and institutional development projects and through agreements 
  
The Laboratory of Neutron Activation Analysis (LAAN), is in operational state with nuclear 
analytical instrumentation renovated and upgraded to perform multi-element chemical 
determinations in matrices of different nature in geological materials (rocks, soils, sediments), 
environmental (studies pollution, mobilization, dispersal and accumulation of polluting 
chemicals), industrial (characterization of raw materials and finished products) and forensic 
(characterizing trace elements in material evidence of court). 
 
The Laboratory of Neutron Activation Analysis, for the 2023, will become the leading 
Laboratory Instrumental Neutron Activation (INAA) at the regional level, being a centre of 
excellence and reference for the generation of knowledge, development of methodologies of 
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work and spreading of the applications of the analytical nuclear technologies for the 
characterization of materials. 
 
According to the activities carried out to date, the laboratory of neutron activation analysis 
has been made in the implementation of the technique by analysing geological samples and 
analysis of some benchmarks aimed at providing information on the elemental chemical 
characterization as support institutional projects to expand the geological knowledge of the 
territory and performing user services nationwide. 
 
With the obtaining of the first license of operation of the LAAN, the operation starts 
analytical detector using the GC-1020 Canberra HPGE, where the operational parameters 
defined in the art in order to standardize the test method tending to validate the technique of 
neutron activation. 
 
As work methodology for neutron activation technique we use the comparator method and 
rack system for location and irradiation of the samples within the reactor pool. 
 
For the analysis of samples WEPAL, work planned and scheduled in accordance with the 
conditions of previous years. The rack system used has not been standardized. This system 
achieves radiate up to 20 samples / rack. The rack position is located nuclear reactor neutron 
flux ensures better. 
 
The irradiated samples were analysed using gamma spectrometry equipment GEHP Canberra 
detector GC-3018 and subsequent use of the Genie Gamma Spectrometry Software 2000 v 3.1 
and v 3.2 and the technique of the comparator method. 
 
As an additional activity, the IAN-R1 nuclear reactor and the laboratory of neutron activation 
analysis collaborated with the laboratory of fission track in the assembly, irradiation and 
reading of the first samples for dating thermochronology and preliminary neutron flux 
determinations. 
 
Based on this, the LAAN wants to standardize the techniques and to accredit his facilities in 
order to offer services on the determination of trace elements and rare earth analysis for the 
entire community. So the LAAN participated in the intercomparison program Neutron 
Activation IAEA Assessment Programs for Analytical Laboratories (WEPAL), international 
plant analytic exchange (ISE / IPE) for soils and plants. 
 
The action plan of the laboratory neutron activation analysis is mainly based on the 
standardization, validation and accreditation of the technique, establish programs quality 
assurance (QA / QC) and strengthen the technical training of the working group on the use of 
nuclear techniques. 
 
4. PURPOSE OF PARTICIPATION IN ILC, ORGANIZED BY THE IAEA 

 
In the field of Quality Management System in Colombia, it was established the formal 
structure of the metrological system. This was done through surveys and the categorization of 
the Laboratories, having in mind the development of the National Metrology System. 
 
From this work it was created the National Institute of Metrology (INM) and the Colombian 
Metrology Network (RCM). The development of these metrological bodies is a big step for 
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getting strength the Colombian Quality systems for laboratories, and its scope are the research 
institutions, the industry and every Person involved in scientific and industrial Metrology. 
 
Colombia is looking forward for the accreditation of his Laboratories. Right now the National 
Body for getting accredited in Colombia is the ONAC. This organization is actually getting 
evaluated by the ILAC in order to get its international recognition. 
 
The main objective is to develop a set of actions for the creation, consolidation and 
continuous updating of metrology, through knowledge sharing, technical cooperation, 
experiences exchange with others Laboratories and using Colombian skilled laboratories to 
seek national and international recognition, under the INM accompaniment. 
 
About the institutional quality management system, the institution was certified under 
Technical Standard for Quality in Public Management: NTC GP 1000:2004, MECI. This 
system for corporate Quality management is currently in redesign for the implementation of 
ISO / IEC 17025 in their laboratories. 
 
Currently the Neutron Activation Laboratory (LAAN) has its 4th operating license. In 2012 
the laboratory received new instrumentation for gamma ray analysis and in 2013 it 
incorporates new staffs which are in the training stage. Meanwhile, the Neutron Activation 
Group will continue with its plan of standardization, validation, QA/QC development and 
new personal training. 
 
We have developed a plan for ISO / IEC 17025 implementation that began with the diagnosis 
for each of the SGC’s laboratories. The formalization of the quality policy at an institutional 
level is in process and we have made progress in documentation actualization for operating 
policies, supporting documentation plan and the actions for improvement are consolidated. 
 
Currently the staffs of the SGC are participating on institutional training program that 
includes several departments of the SGC. The training program includes: internal auditor 
training on ISO / IEC 17025, Integrated Management Systems: ISO 9001, ISO 14001 and 
OHSAS 18001 and ISO / IEC 27001. 
 
Also through internal audits the SGC have development improvement plans that have the aim 
of getting the accreditation of the assay methods in the future, including the Neutron 
Activation Analysis in geologic samples. 
 
5. EFFORTS AND MAIN RESULTS 

 
By interagency agreement between the SGC, the International Centre of Physics (CIF), 
COLCIENCIAS and with funding from the National Hydrocarbons Agency (ANH) and under 
the technical support of the National Institute of Nuclear Research of Mexico (ININ), the 
Nuclear Reactor IAN-R1 has a renewal on its control system console which has updated its 
technology with easy supply of spare parts in the market. 
 
The reactor facility has a relatively new nuclear fuel that could be used for 40 years at full 
power operation. Moreover, trials have been conducted to characterize the neutron flux in 
different positions of the reactor core in order to make corrections by flux gradient in neutron 
activation trials. 
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The LAAN have been conducted trials to determine several operational parameters like 
sample amount, irradiation position, irradiation time, reading time, geometry, decay time, 
source to detector distance and neutron flux, for the analysis of short medium and long half-
life isotopes in geological sample analysis. 
 
The LAAN during the last three years has made the purchase of reference materials and new 
instrumentation. Currently, the laboratory is in the optimization stage for its new detectors for 
gamma spectrometry (Canberra GC 7020 and GC 3018). The detectors have been calibrated 
in energy and the work will continue with the measure of several efficiency calibrations 
curves at different source to detector distances for determining the activity of the samples. 
 
Meanwhile, the LAAN had its first participation in the IPE/ISE 2011-4 and 2012-1 
proficiency exercises organized in the framework of the regional project RLA0037. The 
obtained results allow the laboratory to evaluate its current working conditions, the sources of 
error and to take the necessary corrective actions in order to improve the development of the 
technique. 
 
Also the LAAN participated in the discussion meeting of the results of aptitude tests, in which 
the laboratory was released internationally and we have seen the current state of art and also 
the functionality and the analytical capabilities of the participating laboratories. 
 
The results obtained in the aptitude exercise are the product of both a work that has not been 
continuous and the lack of strength in the analytical quality control and assurance program. 
However, as a compromise, it has been established the following quality controls: Certified 
Calibration Standards, Spectrometer calibration by energy, use of certified reference 
materials, duplicate or triplicate samples, sample blanks, background measurement and 
corrections based on efficiency calibration curves. 
 
6. LESSONS LEARNED CORRECTIVE ACTIONS TAKEN ALREADY 

 
Currently the regulations and requirements for accreditation of laboratories in Colombia are 
becoming more demanding, because of the free trade agreements that the government is 
signing with different countries. Therefore, laboratories users have become more demanding 
in obtaining results that have high standards of analytical quality. 
 
Through interlaboratory testing promotes assurance and quality improvement of analytical 
results. According to the working meeting of the aptitude test, the participation of each of the 
laboratories along with discussion of results, feedback of information strengthens the 
improvement of testing and strengthening human resources. 
 
For LAAN, the evaluation of results, possible to integrate and deepen the knowledge and 
application of systems quality assurance (QA / QC) physical and chemical metrology and thus 
advance the accreditation and sustainability of the quality management in the laboratory. 
 
Participation in intercomparison testing allowed the evaluation of the results and reflected on 
each of the possible sources of error found: 
 

• Before participating in intercomparison exercise, it should be standardized and 
validated analytical methods, instrumentation and laboratory. 

• Actively participate in the discussion of results meetings organized by the IAEA, as it 
serves to analyse, find internal errors and also have knowledge and expertise of the 
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participating laboratories worldwide. 
• Establish protocols for the management and treatment of samples for testing by 

neutron activation analysis, ensuring that all team members know them previously, in 
order to ensure the quality of the results. 

• Improve working conditions, establish necessary controls and perform analytical 
verification of the quality of the data before issuing any result, allocating the relevant 
responsible for it. 

 
7. FUTURE ACTION PLAN TOWARD SUSTAINABILITY OF QUALITY 

 
The actions taken for the sustainability of quality in the Neutron Activation laboratory and for 
each area of the institute include: The development of operational plans that are yearly set, in 
which a budget is allocated to each of the areas ensuring the necessary resources in terms of 
scientific and technological infrastructure. 
 
A project for institutional training is on the implementation stage, this project covers part of 
the training plans and ongoing training of the staff involved in the different analysis 
techniques. Nevertheless, the group of nuclear technology relies too on the technical 
collaboration of the various external projects of the IAEA. 
 
The quality management system is maintained in activity through the constant evaluation of 
the secondary documentation and it’s updated with the aim of meeting the existing national 
and international regulations. Moreover, there is a continuous plan for internal audits that are 
focused in the management and registration of nonconforming product, attention to the 
corrective and preventive actions and the development of plans for improvement. 
 
On the other hand the institute has a rigorous internal control program, this program includes 
revisions by the internal control offices (with frequency semester or annual) and by the 
planning office (frequency monthly). The objective is to control and monitoring the 
contractual status of the institute personal and the institute suppliers and also the evaluation of 
results, advances in the implementation and advances in validation and accreditation of new 
methodologies. 
 
As internal requirement of the laboratories, we must assure that the implemented 
methodology is validated, controlled (using standards and reference materials, ensuring 
repeatability and reproducibility R & R, using control charts, estimating the uncertainty 
budgeted and the accuracy and precision) and accredited before being offered as a service to 
internal and external customers. 
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