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Abstract

Most high flux reactors for research purposes have fuel elements composed of plates and not pencils. The measure of inter-plate
distance of a fuel element is tricky since a resolution of a micron is searched to measure plate swellings of about ten microns
while the dimension between the plates is close to the millimeter. This measure should provide information about the fuel and
particularly its history of irradiation. That is the reason why a solution has been considered: a robust device based upon high
frequency ultrasonic probes adapted to the high radiation environment and thinned to 1 mm to be inserted into a 1.8 mm width
water channel between two fuel plates. To achieve the expected resolution, the system is excited with frequencies up to 150
MHz. Thanks to a specific signal processing, this device allows the distance measurement through an ultrasonic wave's time of
flight. The feasibility of such challenging distance measurement has already been proved with success on a full size irradiated
fuel element of the RHF.
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1. Introduction

The High Flux Reactor (RHF) of Laue-Langevin Institute (ILL), solely dedicated to research, possesses a core
made of a highly enriched Uranium fuel element. It uses heavy water as a moderator in order to slow down the
neutrons produced by the fission reaction. This allows the ILL to generate the most intense continuous flux of
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thermal neutrons, about 1.5%10'® neutrons per second per cm”, with a thermal power of 58 MW. The core, made of
280 curved fuel plates, is located in a pool of demineralized water allowing a neutron and gamma radiance
protection. Paying particular attention to safety and security, the ILL wishes to develop some tools to control the
structure modifications of its fuel element. More specifically, the inter-plate distance is a parameter full of
information, especially regarding the element irradiation history. This measurement is delicate as a micrometer
resolution is desired due to the microscopic structure modifications of plates (swelling of plates, oxide layer...)
while the inter-plates distance is close to the millimeter. Furthermore, the access to curved fuel plates inside the
water pool is very difficult and all measurement systems are subjected to high radiations.

Based on different methods, distance measurements can be performed by magnetic (Djuric et al., 2009),
capacitive (Sakai, 2008), optical (Amann et al., 2001), or other (micro-waves sensor, tunneling sensors...) devices.
These can nowadays reach a nanometer resolution, would it be in high-temperature and/or high-pressure
environments. However, they can be cumbersome and may not be integrated between plates where space is very
limited (optic devices). They may neither meet the requirement of high radiation resistance (magnetic devices) or
being immersed with harsh access constraints (capacitive devices).

To address this problem, two specific high frequency ultrasonic transmitters/receivers were first studied,
then developed and finally tested on a full size irradiated fuel element of the RHF. Adapted to the high radiation
environment, these transducers were designed with nuclear QA (materials, cleanness, dimensional control...) to be
inserted into a 1.8 mm width channel between curved fuel plates under water. They were set on a blade leading to a
total device thickness of only 1 mm. To achieve the expected resolution, the system is excited with frequencies up to
150 MHz and integrated into a set of high frequency acquisition instruments.

Based on the pulse-echo method, the transducers measure distances from the time of flight (TOF) of the
signal reflected by the fuel surfaces (Marioli et al., 1988). The TOF (t) is the interval from the transmission of an
ultrasonic pulse to the reception of echoes reflected from the plates. It relates the distance d between fuel plates to
the speed of sound c in the medium (water), through the simple equation d=c x¢2.

The developed transducers were then tested with success between fuel plates of High Performance
Research Reactor spent fuel elements, proving the feasibility of such challenging measurement. Moreover, it was
demonstrated that the different components of the ultrasonic transducers showed good resistance to radiations.
Moreover, the quality of the signal to noise ratio was clearly sufficient to obtain a very stable estimation of the inter-
plate distance while some flaws may still have to be corrected to perform absolute measurements.

2. Materials and methods
2.1. The operating mode

To study the behavior of fuel elements after irradiation, a device able to measure the width of the water channel

existing inside the reactor core was designed. It will allow the characterization of the plate swelling, inherent to
consumption.
In more details, the designed device is a waterproof dual transducer emitter/receiver mounted on a stainless steel
blade. It was designed to be moved inside the water channels having a nominal thinness of 1.8 mm. Each transceiver
measures the distance between its own surface and the facing plate. Knowing the speed of sound in water and the
thickness of the blade, the total distance between the plates can be obtained by the determination of the TOF (t)
existing between an emitted ultrasonic pulse and the reflected echoes from each plate. The inter-plate distance can
be estimated by the formula:

dinter—plate = dpiage T € * t/z ()

Where c is the propagation velocity of the signal in water which is temperature dependent.
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