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GEN IV International Forum

Developments of Examination and Inspection Techniques for SFRs

Inspection mainly with ultrasonic means:
Liguid sodium is opaque, not easy to drain.

Ultrasonic metrology chosen as key technology to render
feedback for in sodium inspection: Propagation,
Damping, Reflection and Diffraction of Ultrasonic Waves

Acoustic techniques:
- Low attenuation by the sodium medium
- High velocity of US wave (= 2400 m.s™' at 200°C)

French R&D Program for ASTRID Non Destructive Examination:
Telemetry of specific targets in the reactor block

Imaging of local and general areas, of lost parts, of opened
cracks, identification of fuel elements, positionning for robotics
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GEN IV International Forum

Developments of Examination and Inspection Techniques for SFRs
Principle for ultrasonic measurement
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Under Sodium Near Distance Imaging

Qualification in 200°C sodium with VENUS facility at 200°C:
> With 3D robot

> With TUSHTCEA sensor (flat and focused front face)
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Under Sodium Imaging for Non Destructive Examination
Heterogeneous medium: differential method

U" (Aix Marseille
A 3 step-process: \ .
1. Extracting acoustic field Topological energy mapping 2014 - 2016
due to the perturbation. - o

This step consists in making
the difference between a
reference medium and the
inspected one.

2. Focusing on defect location
using time-reversal
techniques.

3. Imaging while computing
the time-gated topological
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In-sodium Robotics
@ ‘—'\_ ﬁrﬁ] :
U Generic studies on robotics (in sodium or not); (« | | z

O Associated means for testing (air/water/sodium); 2 e Lb

O Case 1: main vessel inspection with robot in the gap
between main and safety vessels (out of sodium);

O Case 2: sensor for steam generator tubes; :,ir-#
U Case 3: in sodium pushed chain type robot; Lt
U Case 4: in sodium pole and cable type robot;
O Case 5: on-wheels robot for large in-gaz equipments; LS
QO Case 6: robot for repair tools; S
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GEN IV &5t Prototypic brushless motor Specific tight robot mockup

e working at 200°C with 2 degrees of freedom
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Conclusions and Perspectives

The R&D program launched by France for Inspection & Repair of Sodium Fast Reactors
is on the way for technical demonstration capabilities in this harsh environment.
It has been strongly linked to ASTRID prototype design, from 2010 to 2019.
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Development of ultrasonic transducers for telemetry, imaging,
Non Destructive Examination: piezoelectric and electromagnetic
concepts for operation at about 200°C in liquid sodium

Development and qualification of Non Destructive Examination
techniques: extensive simulation with CIVA software platform
and experimental testing (under water and under sodium)

Development of robotics for large reactor vessel: generic
studies for associated materials and specific concepts






