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ABSTRACT 

 
It is in progress at the Centro de Desenvolvimento da Tecnologia Nuclear - CDTN (Nuclear 
Technology Development Center), a research project that aims to investigate possible leaks in 
the fuel elements of the TRIGA reactor, located in this research center. This paper presents 
the final form of sipping test device for TRIGA reactor, and results of the first experiments 
setup. Mechanical support strength tests were made by knotting device on the crane, charged 
with water from the conventional water supply, and tests outside the reactor pool with the use 
of new non-irradiated fuel elements encapsulated in stainless steel, and available safe stored 
in this unit. It is expected that tests with graphite elements from reactor pool are done soon 
after and also the test experiment with the first fuel elements in service positioned in the B 
ring (central ring) of the reactor core in the coming months. 
 
 

1. INTRODUCTION 
 
This article presents a scientific report of the developing a sipping test device whose 
methodology is being developed and will be used for inspection of TRIGA type fuel elements 
and specifically the unit called IPR-R1 belonging to the Centro de Desenvolvimento da 
Tecnologia Nuclear – CDTN (Nuclear Technology Development Center - CDTN). 
 
The following items are presented the historical stages of the development methodology and 
also the state in which these steps are. It is mentioned study that has been completed as the 
calculation of the mass safe handling of the fuel elements sipping test apparatus and also 
study to be completed in the future as the simulation dosimetry around the sipping test 
apparatus when the apparatus is loaded with fuel elements under test, and this assembly is 
fixed to the edge of pool of cooling water of reactor. 
 
The device has been manufactured in CDTN and the unit is in operation testing phase until 
the date of publication of this paper. In future publications will be presented results of using 
this device as the centerpiece of applying sipping test method for fuel elements the IPR-R1 
TRIGA reactor. 
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2. PURPOSE OF THIS PAPER 
 
The main objective of the test CDTN sipping project is to develop a methodology to check 
possible leaks in fuel elements of nuclear reactor IPR-R1 TRIGA and similar models. A 
correlation between the radioactive elements will be found for the reactor pool cooling water 
and the integrity of the fuel. The nuclear research reactor to be used as a reference is the 
TRIGA nuclear research reactor of CDTN. 
 
This paper will be updated information related to the development and implementation of 
sipping test methodology for the IPR-R1 TRIGA Centro de Desenvolvimento da Tecnologia 
Nuclear – CDTN (Nuclear Reactor Technology Development Center - CDTN). In previous 
publications were presented the idea and the first developments. This text is already 
submitted sipping test device as a reality that is already being tested in the reactor [1]. 
 

2.1.  Brief Description of the IPR-R1 Reactor TRIGA  
 
The IPR-R1 is a TRIGA reactor Mark I (Training, Research, Isotopes, General Atomics) 
manufactured by General Atomics (USA). Use enriched uranium as fuel to 20% and as the main 
moderator zirconium hydride. The core graphite reflector has cooled demineralized light water 
[2]. 
 

 
The water also serves as an additional moderator and as a biological shield. The reactor is 
controlled through the operation of three rod absorbing neutrons containing boron carbide. 
The reactor has three main devices for irradiation of samples: the Central Thimble, the Rotary 
Specimen Table (“Lazzi Suzi”) (with 40 irradiation positions) and the pneumatic terminal [2]. 
 
In the reactor IPR-R1 TRIGA the 59 elements in aluminum type AL1100F clad have walls 
with 0.76 mm thick. The 4 elements coated in AISI-304 stainless steel walls have 0.50 mm 
thick [3] [4]. These walls are designed to be as thin as possible in order to improve the heat 

Figure 1 –   Photographic top view of the reactor showing its core pool in background 
and control rods gold colored in the central beam pool (photo of the author's collection).
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conduction and the flow of neutrons, but on the other hand, make delicate manipulation of the 
fuel elements. 
 
The TRIGA reactor and its main components are immersed in pool containing water of 
approximate dimensions of two meters in diameter and six meters deep [3]. 
 
The device is in a room specially designed to house a nuclear facility and next to this room 
(reactor hall) are also arranged the control room, where they are centralized reactor control 
devices operated by a specialized team of reactor operators. 
 

 
There are other divisions of the space around the control room, as neutron activation analysis 
laboratory, sample handling, emergency room, etc., etc., forming a known set of laboratories 
in CDTN as Controlled Area 1 (AC1). 
 

2.2.  Historic 
 
Two visual inspections were conducted on different dates in order to verify the apparent 
condition of the fuel elements of the reactor IPR-R1 TRIGA. 
 
The first instrumented visual inspection of the reactor was drafted by a team composed of 
staff of the Instituto de Pesquisas Energéticas e Nucleares – IPEN (Institute of Energy and 
Nuclear Research – IPEN) which drew up a report containing the results of the inspection. 
[5]. 
 

Figure 2- Schematic drawing showing the reactor and its main components. 
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The second inspection was performed by CDTN personnel. This second inspection also 
produced a report outlining the inspection procedure instruments, results and suggestions for 
improvement to conduct further visual inspections [5]. 
 
In 2011 a paper have made mention of sipping test for the reactor IPR-R1 TRIGA, which 
should be developed and used for inspection of the reactor fuel elements. [6] APUD [5]. 
 
The sipping test began in 2013. This year began to discuss the ideas of what would be the 
device to perform sipping test the reactor IPR-R1 TRIGA's CDTN; however in 2000 already 
it was considering the creation and use of an inspection methodology of the fuel elements of 
the reactor IPR-R1 TRIGA. [1]. 
 

2.3.  Sipping Test - The device 
 
There are several methods used in the application detection of defective fuel elements for 
light water moderated nuclear reactors1. The two most common methods are known as wet 
sipping test and dry sipping test. 
 
The wet sipping test is based on the leaching of fission products (mainly iodine and cesium) 
from defective fuel elements in an isolated volume of the cooling liquid. The dry sipping test 
is based on the gas passage and drags your collection, which contain radioactive gases if 
faults occur in the containment of fuel elements [7]. The sipping test was designed primarily 
to be used in power reactors. 
 
There are some international patents, which protect industrial application templates 
protecting sipping tests for investigation of fuel elements of PWR reactors (Pressurized Water 
Reactor). In a device placed on the fuel element head whose core is exposed, sucks cooling 
water passing through the fuel element and passes through an analysis system coupled 
gamma spectrometry suction line, which records the presence of product fission.  
 
The sipping test method which has been developed in CDTN is different methods proposed 
for other power or research reactors, because in this method the water which is taken for the 
test is separated from the remainder of the reactor cooling water, and elements fuel is 
withdrawn from the reactor core into the bath in the test water. In the method of CDTN the 
sipping test apparatus consists of tank anodized aluminum of approximately 35 liter capacity 
and a basket which serves to hold the fuel elements, Figure 1 below. The whole is dipped in 
the reactor pool of the cooling water pool. The sipping test tank is filled with water of the 
reactor and the basket is then carried to the next core. The operator loads the appliance basket 
with the number of fuel elements in the core can vary from 1 to 3 element string post and 
through the basket within the tank. The tank loaded with the basket and fuel elements are 
hoisted to the reactor pool edge and secured in this position isolating the water inside the rest 
of the reactor water pool. 
 
  

                                                
1 There are several types of nuclear reactors, some moderate by light water H2O, and other moderate by heavy water D2O. 
There reactors where the moderator is solid as the case of the graphite moderated reactors. 
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A remaining water column of about 1 meter of water plus 1 m air column is the biological 
shielding of the apparatus and prevents harmful exposure to the reactor operator. A five liter 
sample is drawn to form the "blank test” the emission of gamma spectrometry. 
 
After a rest period of the device loaded in this position is about 12 to 14 hours. The water of 
the whole is homogenized by pumps in a closed circuit, and a 5 liters sample of water is then 
withdrawn for analysis by gamma emission spectrometry, in order to identify mainly 137Cs, 
fission product, which indicates possible leakage of fuel elements that are being analyzed. 
 
The entire assembly moving operation is made by nylon cords2, which are handled by the 
reactor operator at the edge of reactor cooling water pool.  
 
The materials chosen for the manufacture of sipping test apparatus was chosen observing the 
criteria of being less reactive possible, resilient and do not produce materials activated with 
long half-life. Thus the most common materials that fit this criterion would be aluminum and 
nylon. The aluminum was welded with special TIG welding for aluminum welding aluminum 
wire and tungsten electrode. [8] 
 
This method must be fully in use by the end of 2015 or latest by mid-year 2016. 
 

                                                
2

 Nylon is a generic name for the family of polyamides, synthesized by chemical called Wallace Carothers Hume in 1935. It was the first 

synthetic textile fiber produced. The wires this polymer manufacture up cables, strings, Velcro, the fabrics used in women's socks and other 

sports clothing [11] 

Figure 3 – Schematic drawing of sipping test device. Apparatus manufactured in aluminum. 
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2.4. Sipping test - Calculation of the safe mass 
 
Was developed by CDTN calculating the mass for safe handling of fuel elements TRIGA 
Mark I type, model IPR-R1's TRIGA CDTN. The calculation was developed in Serviço de 
Tecnologia de Reatores - SETRE/CDTN (Reactors Technology Sector – SETRE/CDTN) as a 
report of internal calculation [9]. 
 
In this publication considers the nuclear characteristics of TRIGA fuel element and which 
calculates the mass that can be manipulated without undesired criticality has been reached, 
"safe mass" [9].  
 
His conclusion was that the safe mass for handling fuel elements type TRIGA Mark I in 
spacing conditions, contact with water and lack of sources of neutrons near the arrangement 
is 3127kg [9].  
 
As the mass of uranium fuel elements varies to 185g fuel element clad in Al and 190g for fuel 
element clad in steel, the handling of the sipping test device as proposed by CDTN design is 
safe in any circumstance [9]. 
 
 
 
 

Figure 4 Schematic drawing showing the positioning of sipping test machine on its heel and loaded with 
fuel elements. 
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2.5.  Sipping test - Simulation MCNP  
 
From the month of May 2015 a simulation is being developed in MCNP in order to verify the 
dosimetry that the reactor operator will be submitted at the time of device manipulation when 
sipping test device is being used in the reactor pool  
 
There is a measured dose of the manipulation made from a single fuel element, which has 
been lifted from the core position next to the edge of the pool. This operation was performed 
by reactor operators in order to predict the dose that would be exposed to an individual if fuel 
elements had to be handled in experienced positions. 
 
The results of this test are set out in a CDTN internal note and were partially reproduced in 
Table 1 [10]. 
 
As recorded in this internal note of the CDTN the fuel element number 1230, occupying the 
B5 position of the inner ring of the reactor core IPR-R1 TRIGA was chosen because most 
burning up and occupy this position since the first core configuration in 1960. This so it was 
understood that this would be the fuel element more radioactive activity and therefore which 
would produce the highest dose effect on dosimeter used for the test (Teletector - Geiger 
MULER, GRAETZ, Model X50DE, Max 10Sv / h). The probe was secured to and positioned 
at 1m height with respect to the surface of the reactor cooling water pool, this position 
corresponds to the position of an operator working on pool [10]. 
 
Table 1 – Dosimetry Data TRIGA fuel element as a function of depth in the reactor pool. 

Experiment performed on October 15, 2002a 
 

a. Table partially reproduced from reference [10]. 

The MCNP simulation will determine the results through its isodose curves around the pool 
when the reactor apparatus sipping test load is lifted from its initial position near the reactor 
core to the rest position, considering the reactor operator various positions. The table data 
served as references to validate the results obtained by MCNP calculation sipping test 
apparatus system loaded / pool of the reactor. 
 
Figure 5 shows the first TRIGA reactor INPUT outline that will be used in the simulation and 
the position of the apparatus on the sipping test well in a fixed position at the pool edge.   
 
 
 
 
 

Water layer [cm] + 100cm of Air Dose rate  (µSv/h) 
230 0.68 
220 0.77 
210 0.98 
200 1,19 
190 1.45 
180 1.58 
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Figure 5: Image MCNP reactor IPR-R1 TRIGA that will be used in the dose simulation 
calculation for the device sipping test. Top right in red is the device position. 

2.6.  Sipping test - current appearance of the device already mounted in its first 
operating tests 

 
The sipping device has been manufactured in the machine shop of CDTN. Figure 6 shows the 
device of sipping test the CDTN in the reactor hall, near the control room of the input that is 
seen in the background. 
 
Figure 7 shows a comparison of the rack TRIGA fuel elements on the right and the basket 
loaded with fuel elements in stainless steel, indicated by the circle and the yellow arrow. The 
stainless steel elements in Figure 7 are new, and these fuels were never placed before the 
reactor core and they are stored in the reactor room safe. These fuel elements that appear in 
this figure are not radioactive. 
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Figure 6: Sipping test device positioned in the hall of the IPR-R1 TRIGA reactor and 
the background image can be seen the control room of reactor. 

 
 
 

Figure 7: Comparison between the fuel rack elements (right) and sipping basket filled 
with elements of non-irradiated fuel stainless steel (left and yellow circle pointed by 

yellow arrow). 
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1. CONCLUSIONS  
 
The final form of sipping test device for IPR-R1TRIGA reactor of CDTN, and results of the 
first experiments setup was presented in this paper.  
 
As discussed in previous sections, the sipping test device to the reactor IPR-R1 TRIGA is a 
reality and until the middle of 2016 it is intended that all 63 fuel elements core IPR-R1 
TRIGA reactor are been tested by this new methodology. 
 
The sipping device revealed that meets expectations of the project. It is not known until the 
time of publication of this paper if there is any element of the reactor that present noticeable 
leaks by use of this method.  
 
In the coming months the method will be applied in the fuel elements in the reactor core IPR-
R1 TRIGA and the results of the application of this method will be presented in a new 
publication. 
 
 

ACKNOWLEDGMENTS 
 
This research project is supported by the following Brazilian institutions: Nuclear Technology 
Development Center (CDTN), Brazilian Nuclear Energy Commission (CNEN), Research 
Support Foundation of the State of Minas Gerais (FAPEMIG), and Brazilian Council for 
Scientific and Technological Development (CNPq).  
 

AGRADECIMENTOS  
 
Esta pesquisa é apoiada pelas seguintes instituições: Centro de Desenvolvimento da 
Tecnologia Nuclear (CDTN), Comissão Nacional de Energia Nuclear (CNEN), Fundação de 
Amparo à Pesquisa de Minas Gerais (FAPEMIG) e Conselho Nacional de Desenvolvimento 
Científico e Tecnológico (CNPq).  
 
  



INAC 2015, São Paulo, SP, Brazil. 
 

REFERENCES 
 
 
[1]  R. R. Rodrigues, "Design of a System for Fuel Elements Cladding Inspection of a 

Nuclear Research Reactor", Proceedings of IRF'2013, 2013.  
[2]  CTORP - CDTN, "Curso de Operadores em Reatores de Pesquisa - CTORP", vol. 1, 

Belo Horizonte: CDTN, 2000.  
[3]  A. Z. Mesquita, A. C. L. Costa, R. G. P. Souza e D. A. P. Palma, “Medidas 

Experimentais de Parametros Termohidráulicos no Núcleo do Reator Nuclear de 
Pesquisa”, Revista Iberoamericana de Ingeiería Mecánica, vol. 16, n. 1, pp. 10-23, 
2012.  

[4]  CDTN/CNEN, "Relatório de Análise de Segurança do Reator TRIGA IPR-R1", 2008.  
[5]  D. M. Zangirolami, "Fluxo Neutrônico a 100kw nos Terminais de Irradiação do Reator 

TRIGA IPR-R1", Belo Horizonte, MG: CDTN/CNEN, 2008.  
[6]  e. a. F. Maretti, "The Fruitful Experience of the IPR-R1 TRIGA MARK I Reactor in 

Fifty Operation Years", Anais do INAC 2011, 2011.  
[7]  R. N. Osborne, "Device for locating defective fuel", USA Patent US4034599, 12 jul 

1977. 
[8]  American Welding Society, Welding Handbook, 9 edition ed., vol. part 1.  
[9]  E. P. d. Andrade, “Cálculo da Massa Segura para o Combustível U-HnZr com U 

enriquecido a 20 w/o”, CDTN/CNEN, Belo Horizonte, 2013. 
[10] NI SERTA-002/13, "Medidas de Taxa de Dose em Elementos de Combustivel Irradiado 

do Reator TRIGA IPR-R1", Belo Horizonte, 2013. 
[11] W. H. Carothers, "Linear polyamides and their production", Patent US2130523 A, 20 09 

1938. 
 
 


