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ABSTRACT 
 

The IPR-R1 TRIGA nuclear reactor is located in Belo Horizonte, Brazil, at the Nuclear Technology 
Development Center (Centro de Desenvolvimento da Tecnologia Nuclear, CDTN) of the National 
Committee on Nuclear Energy (Comissão Nacional de Energia Nuclear, CNEN). One of its irradiation 
devices is the rotary specimen rack (RSR), outside the reactor core, with forty irradiation positions 
arranged in a cylindrical geometry. In a previous work, the neutron fluence rate distribution at the RSR 
and its variation under different irradiation conditions were evaluated by means of specific induced 
activity measurements in samples of Al-0.1%Au reference material. Since then the core's configuration 
has been altered with the (re)introduction of another irradiation device, the pneumatic transfer tube 1 
(PT-1). This paper aims at identifying and quantifying any changes in neutron fluence that such 
modification may have caused.  

 
 

1. INTRODUCTION 
 
CDTN / CNEN's IPR-R1 TRIGA MARK 1 nuclear reactor has been operating since 1960 in 
the city of Belo Horizonte, Brazil. Its solid fuel elements are a homogeneous combination of 
20%-enriched uranium with zirconium hydride moderator, resulting in a negative temperature 
coefficient of reactivity. Graphite is used as reflector and deionized light water is used as 
coolant and as an additional moderator. The reactor has been used for operator training, 
neutron physics research, production of radioisotopes for industrial, medical and 
environmental applications, and radiochemical analysis. IPR-R1 has four facilities that can be 
used for sample irradiation: the central thimble (CT), the rotary specimen rack (RSR), and 
two pneumatic tube (PT) transfer systems, PT-1 and PT-2. The CT goes through the center of 
the reactor's core, allowing for sample irradiation with maximum neutron fluence rate and 
neutron beam extraction; when not in use, it is removed and its volume is occupied by reactor 
pool water. The RSR is comprised of 40 irradiation positions, each one a cylinder with 
3.175 cm diameter and 27.4 cm in height, distributed in a circumference outside the reactor's 
core, embedded in the reflector. One of its main applications is Instrumental Neutron 
Activation Analysis (INAA) [1, 2, 3, 4, 5, 6], and the neutron fluence rate along its 
circumference has been mapped under the assumption that the RSR does not rotate during 
irradiations, as standard operational procedure [7, 8]. The PT facility is used mainly for 
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analysis by the delayed fission neutron method. As Figure 1 shows, PT-2 is located outside 
the core, while PT-1 goes through position F12. Only the former was present when neutron 
fluence rate throughout the RSR was last evaluated [9]; position F12 was occupied by a 
dummy graphite element at that time. PT-1 was reintroduced in September 2010, and this 
paper intends to update [9] by documenting the changes in the neutron fluence rate 
throughout the RSR. 
 
 
 

 
 

Figure 1.  Horizontal cross-section of IPR-R1 TRIGA Mark I 
reactor core, with PT-1 position (F12), and the RSR positions 
1-40 (outermost ring). 

 
 
 

2. MATERIALS AND METHODS 
 

2.1.  Experiment 
 
Samples of Al-0.1% Au reference material [10], cut in disks of about 1 cm diameter and 
weighted in a precision balance, were used as neutron fluence detectors. Thirty eight disks 
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were irradiated in positions 1-3, 5-35, and 37-40 of the RSR (positions 4 and 36 are not 
currently used). Reactor power was 100 kW, and irradiation time was 1 hour. During each 
irradiation the RSR remained in a standard position. 
 
The samples were removed from the RSR the day after irradiation and submitted to gamma 
spectrometry in the next day, that is, two days after irradiation. The gamma spectrometer 
system is equipped with an HPGe detector model CANBERRA®5019 (counting efficiency: 
50%; resolution: FWHM 1.85 keV for 1332 keV gamma energy from 60Co), and the software 
Genie 2000 v2.0, CANBERRA®. The counting time was adjusted to provide a net peak area 
of about 60,000 counts for the 411.8 keV peak from 198Au radioisotope. 
 

2.2.  Theory 
 
The nuclear reactions in the experiment are: 
 

( ) AunAu 198197 , γ , and 

( ) AlnAl 2827 , γ . 

(1) 

(2) 
 
The half-life (T1/2) of 198Au is 2.694 days while, for 28Al, T1/2 = 2.24 min. Since the samples 
were counted two days after irradiation, by then activity from 28Al would be negligible. 
 
The sample induced activity A0 at the end of irradiation interval tirr is given by [11]: 
 

( ) ( )irrt
epithth eINA ⋅−−⋅⋅+⋅⋅= λ

γϕσϕ 10 , (3) 
 
where N is the number of target nuclei in the sample, φth and φepi are, respectively; thermal 
and epithermal neutron fluence rates in the sample, σ is the neutron radiative capture cross 
section of the target nuclei, I is the radiative capture resonance integral, λ = (ln 2) T1/2 is the 
radioisotope decay constant. 
 
The specific induced activity may be calculated, via gamma spectrometry analysis, as: 
 

( ) ( )( )cd t
C

t eYeCA ⋅−⋅ −⋅⋅⋅⋅= λ
γ

λ ελ 10 , (4) 
 
where C is photopeak area, td is the time interval between end of irradiation and counting 
start, εc is counting efficiency, Yγ is gamma ray yield, and tc is counting duration. 
 

3. RESULTS AND DISCUSSION 
 
Figure 2 shows the specific induced activity profiles in the RSR before (data from previous 
experiments) and after PT-1's reintroduction (new data). There seems to be an increase for 
values in positions 2 to 30 and, in order to quantify that, Student's T test was performed. For 
p = 0.05 only positions 14, 15, and 25 do, in fact, differ. Only by increasing the significance 
level up to 0.4 is that the fluence rate for positions 5 to 29 might be considered significantly 
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different. Such uncertainty, while high, is due to the relatively large standard deviation values 
from the measurements (3.78% and 4.57%, on average, for before and after PT
reintroduction). Two separate groups of reference samples were used when measurements 
occurred close in time, and residual activity was discounted when the same group was reused. 
Even though such reutilization occurred weeks later, other factors may have introduced 
errors. Keeping the same operating conditions for all measurements was not always possible, 
for instance, due to other experiments performed with the reactor in the meantime.
 
 
 

 
Figure 2.  Speci
RSR, Bq/µg, before
reintroduction of PT

 
 
 

 
The changes in the specific induced activity profile in the RSR point to an overall increase in 
the values, counteracted by a depression around positions 31 to 1 which are closer to position 
F12 (Figure 1). The localized decrease 
reflector (the dummy graphite element) for a void (PT
order to keep overall power at 100
mathematical model standpoint, and more data should be acquired in order to minimize 
uncertainty. Those goals are to be pursued in further studies, b
have to wait since PT-1 was once again removed, for maintenance, in May 2011.
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