978-65-5904-12:

2024 International Nuclear Atlantic Conference — INAC 2024 ) o
Escola de Guerra Naval, Rio de Janeiro, RJ, May 6 - 10, 2024 H“ H m “ ““MH ‘ m
9 786559 412563

Development of a prototype ROV for underwater
inspections in the IEA-R1 reactor pool

Giovana Ciongolil, Flavia Paladino
Biatyz, Gaiané Sabundjian3 Patricia
Andrea Paladino*

! giciongoli@usp.br, Instituto de Pesquisas

Energéticas e Nucleares (IPEN/CNEN), Av.

Professor Lineu Prestes, 2242 CEP 05508-
000, Sao Paulo, SP, Brazil.

2 flabiaty@gmail.com, Instituto de Pesquisas
Energéticas e Nucleares (IPEN/CNEN), Av.
Professor Lineu Prestes, 2242 CEP 05508-

000, Sao Paulo, SP, Brazil

3 gdjian@ipen.br, Instituto de Pesquisas
Energéticas e Nucleares (IPEN/CNEN), Av.
Professor Lineu Prestes, 2242 CEP 05508-

000, Sao Paulo, SP, Brazil

4 patricia.paladino@yahoo.com, Instituto
Federal de Educagao, Ciéncia e Tecnologia
(IFSP-SP), Rua Pedro Vicente, 625 CEP
01109-010, Sao Paulo, SP, Brazil

1. Introduction

The IEA-R1 reactor is a pool-type reactor, being the first research reactor in Latin America, inaugurated
in 1957. Its fuel is enriched uranium, and it uses water as moderator, coolant, and shielding [1] [2]. This
reactor is installed at the Instituto de Pesquisas Energéticas e Nucleares (IPEN), and in 2002, it obtained
ISO 9001 certification, designed to operate at a maximum power of SMW. Initially, this reactor operated
at 2 MW, and today it is operating between 3.5 and 4.5 MW, with the aim of producing radioisotopes,
irradiating samples for various purposes, and producing radioactive sources for industry and medicine
[31 [4].

In order to find solutions that reduce human exposure to these environments during inspections, which
are becoming increasingly commonplace and complex, with the aim of ensuring the operation of
systems and preventing failures, corporations and institutions have begun to invest in the development of
robots to be used in nuclear power plants [5] [6].

The application of underwater vehicles in the industry is becoming as widespread as their use in the
marine environment, and much progress has been made in the development of new technologies for the
nuclear sector [7]. According to CARMINATTO and CIONGOLI, countries like China, South Korea,
and Japan are the ones that invest the most in underwater research involving technology applications in
the nuclear environment [8].

Remotely Operated Vehicles (ROVs) are mobile, unmanned teleoperated robots used exclusively in
aquatic environments, which are constantly manipulated by a pilot or operator who remains safely on the
surface. The underwater vehicle is continuously connected to an operations module via a cable, called an
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umbilical, which allows bidirectional communication between the components submerged with the
vehicle and the operator on the surface. The controller sends the necessary commands to maneuver the
vehicle, which in turn, sends images to a monitor on the surface, forming an underwater visual
inspection system [9]. Visual non-destructive testing is a common practice for compliance monitoring in
the industrial area, and underwater visual inspection with ROVs is one of the techniques used to monitor
the conditions of submerged structures [10], being the only feasible method in underwater environments
of nuclear power plants [2].

The present work aims to present the preliminary results of an underwater visual inspection conducted in
the pool of the IEA-R1 research nuclear reactor, using a prototype ROV developed and built by the
authors.

2. Methodology

An ROV is an integral part of a system composed of the vehicle itself, the umbilical cable, a control
module, and a power source. For the purpose of understanding, the term ROV will be used to refer to the
complete system, and in this prototype, it consists of a video camera, 3 thrusters, and illumination
(Figure 1).

For the operation of the developed ROV system, programming was carried out through an Arduino
microcontroller, and the code was written in Arduino IDE software version 1.8.19.

In addition to hardware and software integration, there are two more challenges to be overcome: the
waterproofing of the components that will be submerged and the radioactivity in the water of the reactor
pool, which can interfere with the operation of electronic components.
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Figure 1: A - ROV system on the workbench for installation and adjustments. B - ROV ready for
experiment in the IEA-R1 reactor pool.

The pool area was divided into four sectors with characteristics related to proximity (distance) from the
reactor core, as shown in Table I and Figure 2.

Table I: Characteristics of each pool sector.
Sector Distance Sector Distance
A 6,0 m C 1,8 m
B 39m D 0,9 m
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Figure 2: Sectors of IEA-R1 reactor pool.



CIONGOLL G et al

3. Results and Discussion

Because it is a prototype of an ROV that, when completed, will be used for underwater visual
inspections for preventive and corrective maintenance of the IEA-R1 reactor pool, the experiments were
conducted with the reactor inoperable for, at least 48 hours, a scenario similar to what should be
encountered during official underwater inspections.

Five experiments were conducted, consisting of the complete immersion of the ROV prototype inside
the TEA-R1 reactor pool to verify two factors (functionality and waterproofing) of the following
installed and tested components: camera, illumination, and thrusters (the latter composed of the
integration of motor and propeller).

In sector A, further away from the reactor core but in the area near the storage of spent fuel, the camera,
lighting and thrusters worked properly throughout the depths of the pool. The camera experienced weak
radiation interference at depths between 3.0 and 5.0 meters, due to the proximity to the spent fuel.
However, the interference was minimal and temporary, not causing difficulty in visualizing the
structures and returning to normal image when moved away from those depths.

In sector B, near the pool gate opening, the components worked properly and without interference
throughout the pool's depths. The same occurred in sector C, which is 1.8 meters away from the reactor
core.

In sector D, less than 1.0 meter from the core, the lighting and horizontal and vertical thrusters worked
properly at all depths, including the deepest areas of the pool. However, the video camera worked
perfectly at most depths but exhibited image interference from approximately 6.0 meters to 8.0 meters.
It's worth noting that the reactor core is installed at a depth of 6.89 meters.

In all points where radiation interference was present in the video camera images, although easily
noticeable, the anomalies did not hinder the visualization of the submerged structures, and there was no
permanent damage to the component during the time it was exposed.

In all sectors and depths, the waterproofing of the lighting and thrusters showed no defects. Regarding
the camera, there was a failure in the resin sealing process of its waterproof housing, and at a depth of
5.0 meters water penetrated through the resin, causing flooding of the system. The component and
waterproofing method were altered, and there were no subsequent failures after this event.

In Figure 3, some frames obtained from the recordings during the experiments at the IEA-R1 reactor.

Figure 3: Images obtained from the recording of the video camera during experiment in the IEA-R1 reactor
pool.

4. Conclusions

The ROV prototype is undergoing refinement and component alterations as part of an ongoing master's
project at the Instituto de Pesquisas Energéticas e Nucleares. However, its current version with a 780-line
video camera, LED lighting, 2 horizontal thrusters, and 1 vertical thruster has already proven to be efficient
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in conducting underwater visual inspections.

Adjustments are necessary to improve the ROV's performance and to enable the acquisition of precise data
and higher-resolution images. For example, a camera with vertical and horizontal movement could facilitate
capturing better angles and positions depending on the structure being inspected.

Acknowledgements

To CAPES, to the Instituto de Pesquisas Energéticas ¢ Nucleares (IPEN), and to the Comissdo Nacional
de Energia Nuclear (CNEN) - Brazil, for the financial and technical support.

References

[[1] PASQUALETTO. Hertz, Niveis de radiagdo da superficie livre da piscina do reator IEA-R1, Instituto
de Energia Atomica, pp. 1-91 (1978).

[2] SILVA. José¢ Eduardo R.; PERROTTA. Jos¢ A.; TERREMOTO. Luis A. A.; ZEITUNI. Carlos A.
Andalise ndo destrutiva de combustiveis irradiados na piscina do reator IEA-RIm, Instituto de Pesquisas
Energéticas e Nucleares, pp. 1-6 (1999).

[3] PAIVA. Rosemeire P.; SALVETTIL. Tereza C, Certificagdo NBR 1SO 9001 para as atividades realizadas
no reator IEA-RI, International Nuclear Atlantic Conference, pp. 1-6 (2005).

[4] “Reator IEA-R1”. https://www.ipen.br/portal por/portal/interna.php?secao_id=729 (2024).

[5] GONCALVES. Odair Dias; ALMEIDA, IPS, 4 energia nuclear, Ciéncia hoje, v.37, n.220, pp. 36-44
(2005).

[6] AVRAM. Annemary, Estudo de um sistema robotico movel tele-operado para inspegdo de instalagdes
nuclares, Universidade Federal do Rio de Janeiro, pp. 1-133 (2008)

[7] LUO. Yang, 4 new underwater robot for crack welding in nuclear power plants, IEEE International
Conference on Robotics and Biomimetics, pp. 77-82 (2018).

[8] CARMINATTO. Amanda Aparecida; CIONGOLI. Giovana, Panorama mundial das pesquisas com
robos subaqudticos operados remotamente, CIEEMAT, pp. 1-9 (2020).

[9] NUTECMAR, Apostila de R.O.V. Training — Teorical Level (2024).

[10] FALCAO. Alessandro; ANTUNES. Reynaldo, Gerenciamento de projeto em inspecdo visual
subaquatica com ROV, Revista Boletim do Gerenciamento, pp. 1-10 (2020).



