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ABSTRACT

Radiometric analysis at Centro Tecnológico do Exército, CTEx, have been performed since 1980s, to be applied 
in the course of pre-operational and operational stages of a subcritical nuclear assembly which was set up into 
the  extinct  Instituto  de  Pesquisas  Especiais,  IPE.  In  that  time,  monitorings,  that  were  based  in  analytical 
techniques of gamma spectrometry and total alpha/beta counting, were performed. Nowadays, the aptness of 
identify  radiological  and  nuclear  agents  in  environmental  samples  is  a  deficiency  of  Division  of  Defesa 
Química,  Biológica e Nuclear,  DDQBN, which is legatee of IPE nuclear duty.  With the implementation of 
Laboratório de Identificação de Agentes Radiológicos, LIAR, the obsolescence of DDQBN equipments is been 
solved  by  the  acquisition  of  modern  spectroscopy  systems  which  are  supposed  able  to  analyze  CTEx 
environmental matrix samples, according to specific CNEN standard, as well as to perform works that concern 
diverse activities on civil defense, security, scientific advisory, research, and foreign trade areas. So, this work 
describes  the  implementation  of  LIAR  at  DDQBN  of  CTEx  and  analyses  perspectives  of  its  use.  Basic 
functionality,  stage  of  implementation,  systems  and  analytical  techniques  are  described.  Finally,  the  work 
considers  the  importance  and  the  foreseen  outcomes  of  LIAR implementation on  scientific,  technological, 
economic, social and environmental areas.

1. INTRODUCTION

Centro  Tecnológico  do  Exército,  CTEx,  is  a  governmental  institution  subordinated  to 
Brazilian  Army  Science  and  Technology  Department.  CTEx  is  an  institution  where  the 
applied research activities and the experimental technological development are concentrated 
in  the  Brazilian  Army core.  In  2005,  the  CTEx  was  restructured  and  has  absorbed  the 
functions of extinct Instituto de Pesquisas Especiais, IPE, which was one of only Brazilian 
institutions  where  researches  about  High  Temperature  Gas-Cooled  Graphite  Moderated 
Nuclear Reactors, HTGR, were developed.

The activities about the assembly project of an experimental nuclear reactor, HTGR standard, 
have allowed to qualify a group of researchers with expertise in  nuclear physics, medical 
physics, radioprotection, reactor engineering and calculation of criticality areas. Analysis of 
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environmental  samples were performed in order to support  those activities as well  as the 
control of occupational doses to workers involved.

Divisão de Defesa Química, Biológica e Nuclear, DDQBN, is a CTEx Division which is the 
legatee of missions and research lines developed in the extinct IPE. Since 1995, DDQBN 
develops  projects  for  Chemical,  Biological,  Radiological  and  Nuclear  (CBRN)  defense, 
which  provides  the  development  of  research  activities  in  this  area  with  the  consequent 
empowered  of  the  CTEx  for  various  tasks,  including:  specification,  installation  and 
qualification  of  equipments;  identification  of  chemical  agents;  contamination  from 
radiological  and  biological  by  sampling  in  sito;  evaluation  of  CBRN;  and  training  of 
specialists to be able to assist the Army in CBRN defense activities.

This  paper  describes  the  implementation  of  the  Laboratório  de  Identificação  de  Agentes 
Radiológicos,  LIAR,  in  the  DDQBN,  CTEx  Division.  It  also  describes  their  current 
perspectives for its use.

2. HISTORY

From 1983 to 1986, in the pre-operational phase of the extinct IPE, radiometric analysis were 
performed by gamma spectroscopy and by total alpha and beta counting. From 1986, with the 
operation of the facilities, there was continuity of monitorings based on the same analytical 
techniques. There was also the doses occupational control to the activities.

In 2002, Estado-Maior do Exército,  EME, has approved the implementation policy of the 
Sistema  de  Defesa  Química,  Biológica  e  Nuclear  do  Exército,  SDQBNEx.  The  Policy 
establishes  the  technical  and  scientific  advice  necessary  to  the  performance  of  Brazilian 
Army against threats or disasters involving CBRN agents, as CTEx mission. In order to carry 
out this mission, actions were planned to implement a laboratory infrastructure, fixed and 
mobile, of monitoring and identification of CBRN agents. 

In  2008,  an  agreement  was  established  between  the  Financiadora  de Estudos  e  Projetos, 
FINEP,  the  CTEx,  the  Instituto  Militar  de  Engenharia,  IME,  and  the  Fundação  Ricardo 
Franco, FRF. This agreement has enabled the implementation of the Projeto de Implantação 
de Infraestrutura Laboratorial de Defesa QBRN, DEFESAQBN. The LIAR implementation is 
one of the subprojects.

Nowadays, with the continuation of LIAR Subproject into DDQBN, obsolete equipments are 
being  replaced  by modern  equipments  that  will  allow the  execution  of  several  works  of 
radiological  trace  analysis  in  environmental  samples  and  characterization  of  emission  of 
ionizing radiation for non-environmental  samples.  It will  allow also to start  researches in 
nuclear forensics area, which will be vital to monitoring illicit activities involving nuclear 
materials, among other features.

3. CBRN LABORATORY INFRASTRUCTURE PROJECT

The  general  objective  of  the  DEFESAQBN Project  is  to  enable  the  development  of  the 
defense power against CBRN threats, increasing the technological capacity of the Brazilian 
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CBRN Defense System; promoting research and development of technologies in the interest 
of National Security and encouraging public and private synergy.

Currently, the Sistema Nacional de Defesa Civil, SINDEC, requires CBRN defense centers 
that  can  provide  unequivocal  identification  of  agents;  can  perform  risk  and  scenarios 
assessment; can develop means of protection and decontamination of these agents and can 
develop  specific  drugs  and antidotes.  Confirmation  of  Brazil  as  host  of  the  5th Military 
World Games, World Cup 2014 and Olympic Games 2016 reinforces the need to prepare the 
country against CBRN threatening.

Thus, this project aims to enhance the CBRN defense structure in the country, providing a 
development of expertise in CBRN agents identification areas in order to face emergencies as 
the situation of threat with "dirty bombs" or accidental releasing.

The  execution  of  the  DEFESAQBN  Project  is  being  managed  by  CTEx  through 
modernization of the DDQBN and IME facilities. The Project is structured in the subprojects 
described in Figure 1.

Figure 1.  DEFESAQBN Project Physical Structure.

-  Subproject  LABMOVEL  –  implementation  of  CBRN  Agents  Identification  Mobile 
Laboratory with the specific objective of designing and building a laboratory able to perform 
the CBRN agents identification in order to offer response to CBRN disasters.

- Subproject LIAR – implementation of Radiological Agents Identification Laboratory, with 
the  specific  objective  of  implement laboratory  infrastructure  that  allow  to  identify 
radiological agents in environmental and non-environmental samples.

-  Subproject  LAMCAR  –  implementation  of  Risk-Assessment  Modeling-Consequences 
Laboratory,  with the specific  objective of researching and developing systems to  support 
decision in actions of prevention, prepare and response to CBRN disasters.

- Subprojeto LADQB –  Implementation of Identification and Defense Laboratory Against 
Chemical and Biological Agents, with the specific objective of researching and developing 
methodologies  to  identify  war  chemical  agents  using  spectroscopy  by  nuclear  magnetic 
resonance (NMR).
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4. LIAR SUBPROJECT

The LIAR is going to be one of the tools necessary to fulfill the CTEx mission, being able to 
detect,  identify  and analyze  radiological  and  nuclear  agents  in  samples  of  environmental 
matrices, among other services radiometric, enabling the provision of scientific advice about 
such agents.

4.1.  Basic Functionalities

The LIAR implementation aims to fulfill the following basic functions:

- Allowing the collection, preparation and analysis of samples from the CTEx environmental 
matrix.  The environmental  analysis  aim to support  the  implementation  of  a  Radiological 
Environmental Monitoring Program in CTEx which has radiological and nuclear facilities, 
attending to CNEN-NE-1.04 - Licensing of Nuclear Facilities, legislation established by the 
Comissão Nacional de Energia Nuclear, CNEN;

- Providing technical-scientific  advice in radiological  and nuclear defense area as well  as 
developing the expertise of professionals for such advice to the Ministério da Defesa, MD; to 
the SDQBNEx; to the CBRN Defense Laboratory System to be implemented in DDQBN; to 
the CBRN Defense Systems of the other Armed Forces; to research lines and projects in areas 
involving nuclear and radioactive study;  to handle radionuclides,  reagents and radioactive 
waste; to Homeland Security Institutions and to other military and civil institutions;

-  Supporting  Homeland  Security  Institutions  to  prevent  and  respond  to  accidents  and/or 
terrorist attacks involving radiological and nuclear agents;

-  Developing the  expertise  of  human  resources  to  support  the  Civil  Defense  System in 
situations of public emergency and to work closely with Sistema de Proteção ao Programa 
Nuclear Brasileiro (SIPRON);

-  In  the  dual  character  of  employment,  providing  radiometric  analysis  services,  both  in 
environmental  samples  and  in  products  of  the  extractive,  agricultural  and  industrial  for 
institutions that meet the need to trade such materials, aiming to certify quality of products 
and services technical requirements and phyto-zoo-sanitary conditions of international trade.

4.2. System Description

The unequivocal identification of radiological and nuclear agents depends on the concomitant 
use  of  sample  collection  and preparation  techniques  as  well  as  of  operation  of  different 
systems of radiological spectroscopy analysis, with a high degree of environmental radiation 
shielding.

From  mastery  of  these  techniques  and  systems,  the  LIAR  will  allow  more  precise 
identification of radiological and nuclear agents, aiming to fulfill its basic functions.
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The physics architecture described in Figure 2 has been designed in order to achieve the 
LIAR basic functionalities.

Figure 2.  LIAR Subproject Physical Structure.

4.2.1. Sample Collection and Preparetion Systems

The sample collection and preparation systems have been specified and are being purchased 
in order to  be package the samples in containers with specific  geometries that  allow the 
detection and identification of radiological and nuclear agents by analysis systems.

Figure 3 describes the environmental matrix of sample to be collected and prepared.

Figure 3.  Some Preparation Systems purchased from national industry.

The  non-environmental samples are opened and prepared in a analogous manner to one of 
paths depicted in Figure 3.

Figure 4 illustrates one part of sample preparation systems purchased.
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Figure 4.  Implementation of Environmental Sample Preparation 
Room with systems purchased from national industry.

4.2.2. Sample Analysis Systems

Nowadays, the gamma analysis is the most used analytical technique to identify radiological 
agents  by  spectroscopy.  The  semiconductor  hyperpure  germanium  detectors,  HPGe,  are 
commonly  used  in  laboratories  for  the  measurement  of  low activity  gamma emitters  by 
identification of radioisotopes present in samples of interest in a wide energy range from a 
few keV to 10 MeV.

As alpha and beta counters, gas-filled proportional detection systems are commonly used for 
most efficient results. Although semiconductor based-silicon detectors have lower accuracy 
in counting then proportional counters, those detectors do not use gas as a means of detection 
which simplifies procedures and reduces maintenance and acquisition costs. Based-Silicon 
systems allow countings of low activity emissions from samples in a wide energy range from 
a few keV to 10 MeV.

Thus, 2 spectroscopy gamma HPGe systems were purchased, one with a relative efficiency of 
20% for  non-environmental  samples  and  another  with  40%,  for  environmental  samples. 
Gamma  spectra  analysis  of  rays  obtained  is  used.  Both  systems  are  Broad  Energy 
Germanium, BEGe, systems with broad energy range, high efficiency, high resolution and 
thin detection window.

A firmware based, automatic, low background, gas-less alpha/beta counter was purchased in 
order to complement the use of BEGe systems purchased. The iMatic system is designed 
specifically  to  discriminate  both  radon  isotopes  and  their  progeny from transuranic  and 
fission product materials on the samples. It uses a solid state silicon detector for alpha and 
beta detection, known as Passivated Implanted Planar Silicone, PIPS. It has an infrastructure 
with automatic insertion of samples.

Figure  4  illustrates  the  semiconductor  analysis  systems  purchased,  installed  in  the 
spectrometry room of LIAR.

INAC 2011, Belo Horizonte, MG, Brazil. 
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Figure 5.  Semiconductors analysis systems acquired:
LEFT: alpha and beta counter, iMatic model.

CENTER: liquid nitrogen transfer system for cryogenics of HPGe detectors.
RIGHT: gamma spectroscopy HPGe system, one of BEGe, Gx4020 model.

Tables 1 and 2 describe specifications of analysis systems purchased.

Table 1.  Identification systems by low energy gamma spectroscopy,
with HPGe detectors.

MODEL DETECTOR SHIELDING SOFTWARES

BEGe 
Gx2020

Extended 
Range

Energy Range:
   3 keV through 10 MeV

Relative Efficiency: 20%

Energy Resolution (FWHM):
    2.0 keV (1.332 MeV)
    0.65 keV (122 keV)

Cryogenics by liquid nitrogen:
   Vertical Cryostat (30-ltr Dewar)

Inner Depth: 16 in.

Outer Jacket: 3/8 in.
 Thick low caborn steel

Bulk Shield: 4 in.
 Thick low bkg lead

Graded Lining:
   0.040 in. tin and
   0.062 in. copper

Weight: 2,500 lb.
 Shipping weight

Genie 2000 Basic Spectroscopy:
Comprehensive  environment  for  data 
acquisition,  display  and  analysis  of 
gamma spectrometry data.

Genie 2000 Gamma Analysis:
Package which includes a set of advanced 
analysis algorithms for further processing 
of gamma spectra acquired via the Genie 
2000 Basic Spectroscopy Software

LabSOCS:
Laboratory  Sourceless  Calibration 
Software,  LabSOCS,  mathematical 
efficiency calibration software which brings 
a new level of capabilities to gamma sample 
assay  in  the  laboratory  by  eliminating  the 
need  for  radioactive  sources  for  efficiency 
calibration.  It  combines  the  detector 
characterization  produced  with  the  MCNP 
modeling  code,  mathematical  geometry 
templates,  and  a  few  physical  sample 
parameters.

BEGe 
Gx4020

Extended 
Range

Energy Range:
    3 keV through 10 MeV

Relative Efficiency: 40%

Energy Resolution (FWHM):
    2.1 keV (1.332 MeV)
    0.45 keV (122 keV)

Cryogenics by liquid nitrogen:
   Vertical Cryostat (30-ltr Dewar)
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Table 2.  Complementary automatic analysis system via low background 
alpha/beta counting, with Gas-less PIPS detector.

MODEL DETECTOR SOFTWARE

iMatic

 Passivated Implanted Planar Silicone, PIPS, detector:
   2000 mm2, 300 micron deep, 50 sample capacity and mobile cart.

 Background: 
   Sample detector threshold set at 125 keV and 
   Guard detector discriminator set at 10%:

Alpha: 0.08 cpm guaranteed 0.05 cpm typical;
    Bkg for 3.0 MeV to 9.6 MeV
Beta: 0.75 cpm guaranteed 0.60 cpm typical;
   Bkg for 125 MeV to 2.2 MeV;

 Guaranteed 50 mm efficiency: 
Am-241: alpha 30.0% 
Sr- 90: beta 22.0%

iLink:
Provides  the  ability  to  program  the 
majority of the iMatic features with a 
computer, rather than through the use 
of front panel buttons. It also includes 
an embedded version of the Microsoft 
SQLServer database for the storage of 
iMatic data.

4.2.3. Implementation Stage

Engineering  technical  services  have  been  concluded  in  order  to  restructure  and  adjust 
DDQBN facilities for LIAR implementation.

Activities  were  held  for  assembly,  installation,  calibration,  basic  operation  training  and 
receipt testing of sample analysis systems. Service was contracted to supply liquid nitrogen 
for BEGe detectors.

About 90% of equipments and materials of sample collection and preparation were acquired.

LIAR Operation  will  be  performed  via  development  of  methodologies  and  management 
protocols procedures for sample collection, preparation and analysis. The operation will be 
performed via  training of human resources  in radiological and nuclear agent  analysis  for 
academic goals and scientific and operational advices in the CBRN, as well.

The systems  purchased are  of  wide use in  laboratories  engaged in  the identification and 
analysis of radionuclides in environmental and non- environmental samples. They allow the 
intercomparison  of  results  and  the  validation  of  results.  In  the  case  of  LIAR,  an 
intercomparison between values obtained will be undertaken in the LIAR and Laboratório 
Nacional de Medidas de Radiações Ionizantes, LNMRI, of the Instituto de Radioproteção e 
Dosimetria, IRD.

The IRD, subordinated to CNEN provides services for controlling the safe use of ionizing 
radiation and nuclear technology, among other activities. LNMRI is a laboratory which has 
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been  designated  as  national  laboratory for  ionizing  radiation  assessment  by the  Instituto 
Nacional de Metrologia, INMETRO.

5. PERSPECTIVES

Impacts are previewed in several society areas with LIAR operation:

-  As scientific  impact:  improvement  and dissemination  of  radiological  and  nuclear  agent 
analysis methodologies, involving technical research, supporting to post-graduate and R&D 
activities.

- As technological impact: development of methodologies for characterization, identification 
and quantification of radiological and nuclear agents.

- As environmental impact: creation of infrastructure for environmental monitoring, for risk 
management, for radiological protection, to report safety analysis for licensing and to provide 
technical services in cooperation with laboratories of environmental monitoring

- As economic Impact: cost reduction in insurance coverage of international events to be held 
in Brazil, as the 2016 Olympics Games.

- As social impact - prevention and mitigation of events involving accidental or intentional 
exposure  and/or  contamination  of  radiological  and  nuclear  agents  via  improvement  of 
preparation of emergency plans and risk/damage assessment 

The LIAR can be used in Security actions that require reliable answers to identify areas of 
radiological and nuclear contamination, for decision making for possible evacuation.

6. CONCLUSIONS 

LIAR is supposed to be a valuable tool for reliable analysis, R & D, training and assessment 
related to techniques and methodologies of identification of radiological and nuclear agents.

The  LIAR  implementation  and  operation  will  support  future  research  works  about 
radiological  and  nuclear  agents  in  the  areas  of  environmental  analysis,  NORM  and 
management  of  natural  radiation,  nuclear  forensics,  nuclear  medicine  and prevention  and 
treatment against accidents and terrorist acts.
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