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In-situ high-resolution measurement of RHF
nuclear fuel plates’ spacing

Dr. Ghita Zaz, Pr. Emmanuel Le Clézio Member, IEEE, Dr. Ali Dekious, Meriem Chrifi Alaoui, Dr.
Yoann Calzavara and Pr. Gilles Despaux Member, IEEE

Abstract—Most of the High Performance Research Re-
actors (HPRR) are made of plates undergoing a limited
swelling during irradiation. Measuring the fuel thickness or
the inter-plate distance is then a promissing way to obtain
information on the fuel element irradiation history. The
experimental constraints are however quite heavy due to
the aimed resolution and the element geometry. In order
to perform such measurements, a high resolution ultrasonic
device was designed. It was thinned down to 1 mm in order
to be inserted into the reactor water-channel. The system is
then excited with a 120 MHz central frequency burst and the
distance measurement is carried out through the ultrasonic
waves’ time of flight estimation. A series of experiments
was performed on a full size irradiated fuel element of the
"Institut Laue-Langevin" reactor proving the feasibility of
real-time in-situ measurements.

Index Terms—High frequency, high resolution, harsh en-
vironment, ultrasonic transducer, HPRR, RHF.

I. INTRODUCTION

OST of the High Performance Research Reactors
(HPRR) use plate-type fuels where the fissile
material is dispersed in a matrix within an alloy cladding
[1]. During irradiation, a limited swelling of the plates
may appeat, bearing information on the element irradi-
ation history. In the framework of a conversion study
of its High Flux Reactors (RHF) into Low Enriched
Uranium, the Institut Laue-Langevin (ILL) [2] launched
a study aiming to the development of tools allowing the
assessment of the fuel plate structural modifications. In
particular, to perform precise water-channel thickness
measurements, the current Post Irradiation Examina-
tion methods require disassembling the fuel element,
i.e. cutting the fuel plates. The present paper aims at
developing a non-destructive in-situ control device.
Due to the microscopic nature of the fuel plate trans-
formations, a micron-scale study is needed while the fuel
arrangement limits the inter-plate distance to less than
two millimeters. Moreover, the fuel element is generally
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situated well below the surface of a moderating pool
yielding a very difficult access. Finally, the measurement
devices undergo high-levels of radiations.

Several methods can be considered to perform dis-
tance measurements. Optical [3]-[5], magnetic [6]-[10],
capacitive [11], or electromagnetic [12] devices might
be relevant and reach today the nanometer resolution
even in high-temperature and/or high-pressure environ-
ments. However, while some of them possess a low
sensitivity to some environmental conditions such as
pressure and temperature, most of these systems present
drawbacks conflicting with in-situ measurements inside
RHEF fuel elements. In particular, they may be too cum-
bersome to be integrated into the water-channel, may not
be submerged or are deeply affected by highly radiative
environments.

To take into account the experimental constraints, the
development and test of a double-sided high-resolution
ultrasonic device is here proposed. It includes transduc-
ers integrated on both sides of a blade with the constraint
of a 1 mm total device thickness and designed with
nuclear specifications. To achieve the expected resolu-
tion, the system is associated to a set of high frequency
acquisition instruments and excited by bursts with a
120 MHz central frequency. At these high frequencies,
the ultrasonic wavelength is sensitive to the layered
structure of the devices and their design plays a central
role in the shape of transmitted and received signals. To
understand their behavior, the sensors are then modeled
through the transfer matrix method [13]-[17]. Through
a pulse-echo protocol, the device then allows distance
measurements through the recording of the time of
flight ¢ (ToF) of the signals reflected by the fuel plates
surfaces [18], [19]. To infer distance estimations from this
measurement, a spectral analysis of the sensor response
is proposed to identify the ultrasonic velocity in the
water of the cooling channel at the measurement points.

Proving the feasibility of the in-situ distance measure-
ments, experiments were performed on a RHF spent fuel
element, demonstrating that the different components
of the ultrasonic transducers showed good resistance to
radiations allowing a signal to noise ratio sufficient to
obtain a first in-situ estimation of the inter-plate distance.

The first section of the paper presents the sensor
and device conception as well as the signal process-
ing allowing the estimation of the ultrasonic ToF. The
modeling of the sensor behavior is then proposed in
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the second section while the temperature dependance
of the ultrasonic velocity of the waves propagating in
the cooling pool water is studied in the third. The last
section of the paper deals with the results and discussion
on the experiments performed on one full size irradiated
fuel element of a RHF.

II. SENSOR AND DEVICE CONCEPTION
A. Experimental constraints and proposed sensor conception

The experimental constraints associated with an in-
situ control of the fuel element are quite heavy. Re-
garding the RHF element presented in section VI-A, the
inter-plate distance corresponding to the width of the
cooling water-channel is of 1800 um clearly limiting the
possible thickness of the measuring device. Moreover,
measurements have to be performed 5 m underwater
in a highly radiative environment and are expected to
possess a resolution of the order of the micron.

To overcome the above difficulties, the development
of a high frequency ultrasonic device is here proposed.
Generally speaking, ultrasonic techniques yield high lev-
els of performance and are radiation resistant [20]. Sen-
sors can be sealed to be immersed and can be designed
to reach the expected dimensions.

Distance measurements are usually based on time of
flight estimations where the time delay separating two
ultrasonic signals is directly linked to the distance via
the velocity of the ultrasonic wave inside the medium.
Several means allow this identification. The Phase Shift
Method (PSM) implies the identification of the phase
difference between transmitted and received continuous
waves [15], [21], [22]. This method can be very accurate
and overcomes issues of traditional acoustic attenuation.
However, phase ambiguity will occur if the propagation
path exceeds a full wavelength clearly limiting the res-
olution or the applicability of the expected device.

An alternative is here proposed through the imple-
mentation of a pulse-echo method [18], [19]. Due to the
experimental constraints, a device working in a reflection
mode is proposed. It includes a pair of waterproof
transducers integrated into the thickness of both sides
of a stainless steel blade thin enough to be inserted
into the width of the water-channel (Figure 1.(a)). Each
transceiver emits an ultrasonic signal in water and re-
ceives its echoes reflected from the facing plate. Knowing
the speed of sound c¢ in water and the thickness h of
the blade, the total distance d between the plates can
be obtained by the determination of the ToF ¢; and ¢,
of the two ultrasonic signals generated and received by

each transducer:
t t
ht e <1;r2> . (1)

1) Device geometry: To respect the experimental con-
straints, the ultrasonic transducers are mounted on one
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B. Experimental set-up
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Fig. 1. (a) General principle of inter-plate distance measurement and
geometry of the sensor holder: (b) device holder and blade; (c) image
of the end of the blade with one inserted transducer.

end of a 1 mm thick, 10 mm wide and 1500 mm long
stainless steel nuclear qualified blade as presented in
Figure 1.(b). This latter is connected to a 5 m long
stainless steel tube with a 22 mm diameter acting as a
handling device. A close view of the end of the blade in-
cluding the transducers is presented in Figure 1.(c). The
transducer locations are 500 um deep circular grooves
including a central hole allowing the manufacturing of
the sensors connections and backings. The flat borders
act like a resting zone for a LiNbOs3 piezoelectric disc
corresponding to the active element of the sensor. To
set up the cables, a groove is drilled on both faces of
the blade. The connections are made possible thanks to
notches positioned on the blade side.

2) Transduction elements: Both transducers possess the
multilayered structure presented in Figure 2. They are
composed of a LiNbOj piezoelectric element thinned
down to 30 pm in a way to operate with a frequency
bandwidth extending beyond 120 MHz. This disc is
welded on one surface to a gold and chrome electrode
and is glued to a 400 pm thick silica delay line. An
aluminum layer is deposited on the second surface as
an electric input and output electrode. Finally, the back
surface of the transducer is covered by a filled epoxy
resin layer acting like a backing material absorbing the
vibration of the rear face of the piezoelectric element and
ensuring forward propagation.

EMSWIS Aluminum
£ | [EINBO== Gold
- — ~—and

Blade Silica Chrome

Fig. 2. Ultrasonic transducer structure.

3) Acquisition system: To allow the emission and re-
ception of ultrasonic signals at very high frequencies,
the electronic acquisition chain includes among others:

e A dual transmitter/receiver electronic system
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specifically designed to improve the excitation
signal of the transducers,

o Two RF NI PXIe-5690 preamplifier cards with a
[10%2 — 3 - 10°] Hz bandwidth,

o A NI PXlIe-5162 acquisition card sampling at 5 GS/s
with a resolution of 10 bits and a 1.5 GHz band-
width.

At the high working frequencies of the device, the
structure of the multilayered sensor is of the order of
the ultrasonic wavelength and plays a crucial role in
the shape of transmitted and received signals. Their
complex nature (presented in section IV-A of the present
paper) and the expected resolution then imply a close
understanding of the structure of the sensor ultrasonic
signature. The modeling of the acoustic behavior of the
transducers is then proposed in the following section.

III. MODELING OF THE SENSOR ULTRASONIC BEHAVIOR
A. Ultrasound propagation in multilayered structures

The modeling of the ultrasonic wave propagation is
based on the Stroh formalism [23]-[26] associated with
a recursive implementation of the hybrid matrix [27].
While a detailed presentation of the method is presented
in a previous work [17], a quick overview is proposed
hereafter. N layers, piezoelectric or not, are stacked in
the z direction as in Figure 3. Each homogeneous layer

o |

&

Piezoelectric element

BN
Gold, Chrome and Glue -~ Silica } @)
Water
z N Aluminium
Oxyde Fuel plate (b)
4 Aluminium
X Water
Fig. 3. The modeled multilayer medium: (a) sensor and (b) fuel

element structures.

m is of thickness h,,, of density p,, and of elastic C,,,
piezoelectric e,,, and dielectric &,, tensors referred to
some crystallographic basis. In one layer, the system of
governing equations of acoustic wave propagation is:

0455 = ply, di; =0,
0ij = CijriUp,1 + €kij P k, 2
di = —€ijp,j + €ijkk

where the index m is omitted for convenience. o is the
mechanical stress tensor, u is the elastic displacement,
and d and ¢ are the induction and potential of the electric
field induced by the piezoelectric effect. Steady time-
harmonic motion inducing a €™’ time dependence is
assumed along an arbitrary direction parallel to the sur-
faces of the plate and taken as the x-axis. (m,n) = (x, z)

is the sagittal plane and solutions to (2) are sought in
the form:

u= A(z)eik(m—ut)’
o= qs(z)eik(mfvt),

where k(> 0) is the wavenumber along the x-axis, v is
the phase velocity, and w = kv is the angular frequency.
The octet formalism of piezoelectric [24]-[26] incorpo-
rates (2), (3) into the first-order ordinary differential
system (ODS):

on = F(z)ek@—vt)
d = l)(z)eik(zfvt)7 (3)

Q6 - 4|t =0, @

where Q is the system matrix. The eight-component state
vector 7 is expressed as follows:
) ©

= (9): o= (3) v

In each layer m, the eight up-going and down-going bulk
waves are solutions of equation (4) and can be expressed
through the eigen-spectrum of the system matrix Q,,
[28], [27], [17]. For each layer m, the field vector elements
can then be linked through the following matrix relation:

| ) e

where z,,,—1 and z,, are respectively the lower and upper
surface of the m'™ layer. H™ is called the layer hybrid
compliance-stiffness matrix, or simply layer hybrid ma-
trix. Its expression in terms of its eigen-solutions can be
found in [17]. It can be decomposed into 4 blocks of 4 x4

matrices:
m _ | HiT HY

The hybrid matrix H™, m = 1...N, of each layer
being known the global hybrid matrix is recursively
constructed from the top layer (m = N) to the bottom
one (m = 1) [27], [17]:

m m m m—+1)y— m
H{T = HY} + HH{T V), ®)
HY3) = HE {1+ HT L HE Y, )
m m—+1)y— m
Hgl )= Hg1 i )JmlH217 (10)
m m+1 m—+1)yr— m m+1
Hé2) = Hg2 Y + Hgl " )JmlHQZHSQ " )a (11)
with J, = [I-HH{T"™"]. The superscript (m) in brack-
ets denotes the stack matrix for layers from m to N. The
global hybrid matrix is given by the recursive algorithm
starting from layer NV down to layer 1. The transmission
coefficients of acoustic plane waves propagating through
multilayered media immersed in a non-viscous fluid are
then expressed through the global admittance matrix Y
of the structure as presented in [17] :

1 1)\— 1 1
Y )Y -
-1
(H22 ) H21

1 1)\ —
Hy (Hy,) ™!

GO
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To take into account physical and dimensional parame-
ters of each plate, the model requires as numerical input
data the elastic, piezoelectric and dielectric constants of
the media, their volume densities and the layer thick-
nesses. As presented in the next section, the above model
has been implemented to understand the behavior of
the ultrasonic signals propagating in the multilayered
medium noted (a) in Figure 3. It includes the trans-
ducer layers (the piezoelectric element, the golden and
aluminium electrodes, and the delay line of silica), the
water-channel, and the fuel plate.

B. Modeling of the sensor ultrasonic response

The complex transmission coefficient T'(w,) of each
plane wave propagating through the sensor structure
is computed as presented above for each frequency
wp, = 27 f,, n = 1...N inside the sensor bandwidth. A
Fourier summation is then implemented to reconstruct
the temporal signal backscattered to the sensor taking
into account the initial amplitudes A(w,) of each fre-
quency in the transducer spectrum:

N .
s(t) = > Alwn)T(wn)e™"

n=1

(13)

C. Comparison between experimental and simulated signals

1) Transducer response: The temporal signal s(t) of
equation (13) is presented as dashed lines in Figure 4.
The different bursts that can be observed correspond
to multi-reflections on the silica/water interface of the
initial signal generated by the piezoelectric element, the
progressive transmission of ultrasonic energy into the
water yielding the decreasing of the amplitudes of the
echoes.

This theoretical signal is compared to the experimental
one, presented in straight lines. To obtain the very good
agreement between these two signals, a fitting proce-
dure has been implemented allowing the identification
of the thickness of each layer constituting the sensor.
This allowed both the characterization of the device
behavior and the understanding of the influence of each
layer on the global signal structure in view of a sensor
optimization. Differences can be noticed between the two
signals, in particular in the amplitude of the two first
pulses, the experimental ones being much smaller than
the simulated ones. This is due to instrumentation con-
straints imposing a high attenuation of the first echoes
to avoid a saturation of the high voltage electronics.

IV. TIME OF FLIGHT ESTIMATION
A. Propagation through the total structure

To envision water-channel thickness measurements,
the above simulations are extended to consider as in
Figure 3 the propagation of the ultrasonic waves into
the water, their reflections onto the surface of the fuel

F Saturated echoes 1

Amplitude (A.U.)

1 2 3 4 5 6 7 8
Time (s) x107

Fig. 4. Reflection of the signals within the multilayer structure of the
transducer. Dashed line: Theoretical. Solid line: measured

1 (a) (b)
~05
=
<
3 0
£
E
Z 0.5
-1
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Time (s) X ]0—6

Fig. 5. Simulated signals corresponding to the propagation of the
ultrasonic waves into the water and their back-propagations to the
sensor, showing two series of echoes: (a) reflection of the signals within
the multilayer structure of the transducer; (b) dual series obtained after
propagation in the water-channel and reflection on the fuel plate.

element and their back-propagations to the sensor. Re-
sults are presented in Figure 5.

The first part, noted (a), corresponds to the sensor sig-
nature of Figure 4. This composite signal is transmitted
into the water and reflected back to the sensor by the sur-
face of the nuclear fuel plate. The corresponding signal
is presented in part (b) of Figure 5. Some differences in
the structure of these two sets of burst can be observed,
in particular the amplitude of the two first ones of part
(b) is lower than the following ones. The simulation
proved that this behavior is due to the presence of the
glue layer, the first echo amplitude being linked to its
thickness. To estimate the water-channel thickness, the
determination of the ToF between parts (a) and (b) of
Figure 5 is proposed in the next section.

B. Signal processing

One of the simplest forms of ToF estimation is the
threshold method. This technique proposes to identify
the arrival of an acoustic signal to the time where its
amplitude exceeds a given amplitude level. Threshold-
ing systems do not require any complex computations,
but their precision can be degraded for low signal-to-
noise ratio (SNR) [19], [29]-[32]. It is here proposed to
perform the ToF estimation through a cross-correlation
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method [31]-[36] computed between the two parts (a)
and (b) of the signal of Figure 5, respectively denoted
z(t) and y(t). Their cross correlation R,,(t) is defined
by the following equation:

Roy(t) = o(t)@y(t) = /

— 00

o0

x(T)y(t+7)dr. (14)

Taking into account the structure of the ultrasonic signals
of Figure 5, equation (14) becomes

Roy(t) = D ()@} () (15)

i=1 j=1

where z;(t) = a;s(t—i7) and y;(t) = b;s(t—j7—0), T and
6 corresponding to the delays due to the ultrasonic wave
propagation in silica and water, respectively. a; and b,
are the echoes” amplitudes of the elementary bursts s(t).
Finally,

Rey(t) = D aibjs(t—ir) @ s(t — jr — 6). (16)

i=1 j=1

Compared to the correlation abs(t) ® s(t — ) of two
single bursts of amplitudes a and b separated by the
ultrasonic time of flight in water §, the estimation of the
maximum of similarity of the two composite signals is
here optimized through the contribution of each pair of
bursts increasing the signal to noise ratio.

V. THE TEMPERATURE DEPENDANCE OF THE
ULTRASONIC VELOCITY ¢(7)

The above relation (16) allows a precise identification
of the time delay corresponding to ultrasonic propaga-
tion to and from the fuel plates back to the sensor. To
correctly infer distance estimations from this measure-
ment, a precise knowledge of the ultrasonic velocity in
the water of the cooling channel must be obtained. To do
so, we propose in this section to take advantage of the
thermal influence of the environment onto the sensors.

A. Temperature measurement

The spectral components of the sensors being directly
dependent on the thermal expansion of transducers
layers, a frequency analysis of the device response is
now proposed in a way to infer the temperature at the
measurement point.

1) Device structure modifications: When immersed into
water, the sensor temperature variations lead to a ther-
mal expansion or shrinkage of its multi-layered struc-
ture, yielding in particular modifications in its piezo-
electric element and silica delay line thicknesses. On the
expected temperature range of a cooling pool (from 25 °C
to 35 °C), the thermal expansion coefficient ag; of the
silica is 4.1-1075/°C [37], [38] and that of the piezoelectric
element ranges between ar;nw, = 7.5 - 107%/°C and
arineo; = 15-107%/°C [39]. These values show that
it is possible to neglect the thermal expansion of the
silica, the piezoelectric element being mainly responsible

of a change of the transducer resonant frequency. The
thermal modifications of the other layers of the sensor
are here omitted due to their very small thicknesses
yielding negligible modifications in the device response.

The thermal expansion of the piezoelectric element
causes a change of its resonant frequency. Indeed,
when the piezoelectric element is heated, its thickness d
changes according to the thermal expansion law, which
can be written as [40]:

dT;) = d(Ti1)+5d (17)

where

5d = adTd(Ty). (18)

The thickness of the piezoelectric element is directly re-
lated to its resonant frequency by the following equation:
v

= w
where v is the ultrasonic velocity of the longitudinal
wave propagating inside the piezoelectric element. As
a consequence,

(19)

0.5(511-(12—115(1.

5f =

On the proposed temperature range, 0v ~ 0. We can then
deduce that:

(20)

v

5f =

leading to transducer frequency changes according to the
following equation:

() = f(Tie1) +6f.

A simulation based on the above equation was de-
veloped to anticipate the behavior of the frequency
transducer according to the temperature and to evaluate
the accuracy of the measurement system. Results are
presented as dots in Figure 6.

2) Device calibration: A measurement system has then
been implemented to confirm the above result. The ultra-
sonic device of Figure 1 is inserted into a thermostatic
bath filled with deionized water similar to that of the
cooling pool of the RHF reactor. The temperature is
then cooled down from 35 °C to 10 °C by steps of 0.5
°C. Each step is maintained several minutes to ensure
temperature stability within the sensor. The transducer
is then excited by the system presented in section II-B3
and its frequency response is acquired. Acquisitions of
the water temperature are also performed thanks to a
thermocouple. Results are compared with good agree-
ment in Figure 6 to the simulations confirming that the
frequency variation of the sensor is mainly controlled by
the piezoelectric element thermal expansion.

From 10 °C to 35 °C, the resonance frequency of the
transducer is decreased by 4.3 MHz. While controlling
the RHF structure, this experimental calibration law will
be used to determine the in-situ temperature of the
water-channel from the resonant frequency of the sensor.

—0.5— 1)
v

(22)
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B. Ultrasonic velocity measurement

The temperature being evaluated at the measurement
point, the next step deals with the identification of the
thermal dependance of velocity of the ultrasonic wave
propagating in the water pool. To do so, a home-made
quartz tank with a controlled thicknesses of 1800+10 pm
is used as reference reflector and the ToF is measured
by the above device in the [10 — 35] °C range by steps
of 0.1 °C. The ultrasonic velocity variation with the
temperature is presented in Figure 6 and compared to
values proposed in [41].

"7 20 25
Temperature (°C)

Fig. 6. Variations with the temperature of the sensor response fre-
quency (straight line: experimental data; dots: modeling) and of the
ultrasonic velocity (dashed line from [41]; circles: experimental data).

C. Distance estimation

The two experimental laws of Figure 6 allow a real-
time in-situ estimation of the local ultrasonic wave veloc-
ity at the measurement point through the measurement
of the resonant frequency of the sensor. Then, with
known local time of flight and ultrasonic velocity, the
water-channel width d can be calculated from equation
(1). The uncertainty dd on its estimation is given by:

d><<5t+5v>
t v

where 6t and Jv are respectively the absolute uncer-
tainty of the time of flight and of the ultrasonic velocity
measurements. The maximum difference between exper-
imental and theoretical velocities presented in Figure 6
being of about 4 m/s, the total error on the inter-plate
distance estimation is estimated in our experiments to
less than 20 pum.

5d = (23)

VI. IN-SITU MEASUREMENTS
A. The fuel element structure

The High Flux Reactor of the Laue-Langevin Institute
is a research reactor that produces neutrons for funda-
mental science experiments. Heavy water is used as a
moderator in order to slow down the neutrons produced
by the fission reaction allowing the generation of the
most intense continuous flux of thermal neutrons, about
1.5 - 10% neutrons per second per cm?, with a thermal
power of 58 MW. The RHF fuel element is made of 280

aluminum curved plates containing high-enriched ura-
nium aluminide-aluminum (UAlx/Al) dispersion fuel
and forming a cylindrical tube (Figure 7.(a)). The plates
possess the following dimensions: 903 mm long, 69.54
mm wide and a nominal thickness of 1.27 mm. They
are regularly spaced by a 1.8 mm wide channel where
a water stream flows as coolant and moderator to the
nuclear reaction (see Figure 7.(b)).

Fig. 7. (a) Top view of a mockup of the ILL RHF fuel element; (b) Fuel
element plates” arrangement and ultrasonic sensor position.

B. Environment

To validate the distance measurement approach, an in-
situ experiment was carried out in the above RHF posi-
tionned 5 m under water in a cooling pool. To evaluate
the radiation resistance of the device and estimate the
measurement resolution achievable in a highly radiative
environment, measurements have been performed inside
three different water-channels in which the sensor was
first moved down to a depth of about 10 cm. During the
experiment, the mean water-channel temperature was
measured equal to 28.3 £ 0.1 °C.

C. Results

In each channel, acoustic signals were recorded every
50 ms while slowly manually ascending the device.
As previously mentioned, the experimental constraints
associated with an in-situ control are quite heavy. In
particular, the device has to be handled by an operator
situated over the cooling pool. One of the consequences
linked to this experimental implementation deals with
the control of the ultrasonic fields” alignment with the
normal of the reflecting surfaces. To illustrate this point,
Figure 8 presents the energy of the reflected signals
received in one of the water-channel by one of the
sensors. It clearly shows that, when the sensor is not
correctly oriented, the amplitude of the acquired signal
is greatly degraded. The influence of this misalignment
on the thickness estimation has been quantified through
the model presented in section III-A and [13]-[17] and
it was found that due to the fuel plates’ curvature, the
maximum inclination of the transducer is less than 3°
yielding a maximum error of 4 m on the global distance
estimation. However, while the sensors alignment is
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clearly an issue due to the experimental constraints,
results from Figure 8 give an indication of the quality
of the measurements. As a consequence, the energy
of each signal is being computed and used to select
relevant signals yielding reliable identifications of the
water-channel thickness. The corresponding estimations

umber of acauisitions

Fig. 8. Evolution during the acquisition process of the energy of the
reflected signals measured by one of the sensors.

are presented in 9 where spurious points corresponding
to signals with low energy have been removed.
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Fig. 9. Inter-plate distance measurements where spurious points

corresponding to low energy signals have been removed.

D. Discussion

First of all, these results clearly prove the feasibility of
a in-situ non destructive control of the RHF thanks to
an ultrasonic method. Indeed, the experiments demon-
strated that the different components of the ultrasonic
transducers showed good resistance to radiations dur-
ing at least 5 hours. Moreover, in spite of the highly
irradiative nature of the environment, the quality of
the ultrasonic signals was sufficient to ensure a stable
identification of the inter-plate distances.

Some remarks can however be made on the quality
of the above results. It is here important to emphasize
that due to the manual positioning of the device and the
removing of the low energy signal no information on the
sensor depth can be here obtained and the reader should
avoid to draw a mental line between the measurements.
These results however allow the estimation of a mean
water-channel thickness, here equal to 1829 £ 11 um.
Moreover, the resolution of the device can be estimated

thanks to the dispersion of neighboring points corre-
sponding to measurements performed at very close lo-
cations. It is here estimated to 2 um.

VII. CONCLUSION

This paper presented a prototype of a ultrasonic device
integrating two high frequency transducers designed
to measure water-channel thickness variations inside a
High Flux Reactor positioned 5 meters below the water
surface of a cooling pool. With a total thickness of
1 mm, the device is attached to a holder to allow its
insertion into the nominally 1800 pm thick water-channel
of the fuel element. To achieve the expected resolution,
the system is excited with frequencies up to 120 MHz
and integrated into a set of high frequency acquisition
instruments. Knowing the speed of sound in water, the
device allows the distance measurement through the
evaluation of the ultrasonic wave’s time of flight. To
do so, the influence of the thermal expansion of the
transducer layers on its resonant frequency is taken into
account to infer the local temperature, and the corre-
sponding ultrasonic wave velocity, at the measurement
point. A first experiment was performed in the High
Flux Reactor of the Laue-Langevin Institute, allowing
the identification of the in-situ experimental constraints.
Moreover, the corresponding results clearly proved the
resistance of the sensor components to the radiations
and demonstrated the feasibility of the distance measure-
ment in a highly radiative environment. Future works
will deal with the improvement of the measurement
reliability. In particular, to study the sensor behavior
under gamma radiations and the potential evolution of
its characteristics, three transducers will be tested in an
irradiation chamber. An automated system supporting
the transducers and a guiding system are moreover
being designed to ease the insertion of the blade into
the fuel element and stabilize its position between the
fuel plates. Associated to a control of the position of the
sensor, it should allow quantitative measurements of the
water-channel variations along a vertical generating line
of the fuel-element-water-channel.
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