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1 CONTEXT 
 
COMEX-NUCLEAIRE was awarded to develop and to implement on site an automated NDE-UT process to 
inspect the internal corner region of a “pipe to dome” nozzle of a nuclear component. 

For now, this project is engaged on exploratory basis (expertise mode) and is not submitted for 
qualification but NDE development has been instructed close to conventional qualification’s method. 
Inspection will be performed as part of the “defense-in-depth”. It does not search for particular defects but 
disorders are possible to first seek out in the radial plane of the nozzle (the most restrictive to the mechanical 
strength of the nozzle in the presence of discontinuities).  

NDE Process will be implemented on 5 selected NPP within the upcoming years (4 x 900MW NPP 
and 1 x  1450MW NPP). Intervention is classified as significant radiological challenge level 2. 
 
2 COMPONENT 
Overall height of this IPS nuclear component (part of primary circuit) is roughly 15m and its overall 
diameter is about 2.5m, for around 100 tons (dry weight). This element is manufactured in low alloy steel 
(16MND5 type) with stainless steel internal cladding (AISI 308L/309L type). 

Top of it consists in a dome (radius around 1200mm). At the periphery are 4 nozzles (lines to relief 
valves) and a manway. In the center is the pipe to dome nozzle that must be inspected. This nozzle is 
produced by forging of low alloy steel huge blocks (16MND5 or 18MND5 type) huge blocks. Pipe’s OD is 
either 4” (900MW NPP) or 6” (1450MW NPP). 

 
Figure 1: Top of the nuclear component 
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3 AREA TO INSPECT 
At the dome’s level, pipe’s connection consists on a vertical nozzle (carbon steel) connected to the 
component, a safe end, the pipe (stainless steel), the bimetallic weld between the nozzle and the safe end, the 
weld between the safe end and the pipe (stainless steel/stainless steel one) and finally the coupling on 
internal side of the dome. 

NDE process needs insonification of an annular volume of at least 35mm in radius at the corner 
region of the nozzle, for 360°. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Pipe to dome connection 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Area to inspect 
 
 
4 DEVELOPMENT 
4.1UT PROCESS 
 
UT process was designed and developed using CIVA 10 digital modeling software: 

• Definition of validation’s mockup 
• Characteristics of defects (EDM notches and 

surface defects) to manufacture in the 
mockup 

• Definition of UT probe 
• Optimization of:  

 crystal’s size 
 angle of refraction 
 skew angle  
 frequency 

• Study of scanning movements 
• Analysis of UT indication responses  

 
 
 
 
 
 
 
 

 

 
Figure 4: Digital modeling using CIVA 10 software 

 
 
 
 

Area to inspect 
R35 x 360° 

Nozzle 

Component 

Nozzle 

Component 

Safe end 
Pipe 

“Safe end to nozzle” weld 

Coupling 

577



  
  

 
4.2 Mockup for development and validation tests 
 
A mockup was designed, representative of a 900MW 
NPP configuration of the upper part of the dome and 
nozzle, including cladding and pins. A 4’’ pipe was 
added to the mockup to support the scanner. 
 

This mockup was used for development and 
validation tests.  
 
 

 
 
 
 
 
 
 
 

 
Figure 5: Mockup for development and validation tests 

Some EDM notches were manufactured in dedicated area of the mockup, top, middle and bottom of 
the R35 area to inspect, with variable tilts and skews. Some surface defects were also machined. For 
examples: 
Critical blind 
planar defect, in 
radial direction 
from axis of 
pipe, located in 
the middle of 
area to inspect.  

 

Blind planar 
defect, in radial 
direction from 
axis of pipe, 
located in the 
upper part of 
area to inspect 

 
 

Blind planar 
defect, in radial 
direction from 
axis of pipe, 
located in the 
lower part of 
area to inspect 

 
 

Radius= 11mm / width= 200µm  
Surface: 190mm2 

Radius= 4mm / width= 200µm 
Surface: 25,1 mm2 

Radius= 4mm / width= 200µm 
Surface: 25,1 mm2 

Figure 6: Example of EDM notches manufactured in the mockup 
 
 
4.3 Scanner 
For the inspection of this nuclear component, a scanner named 
SIRUS (Spray-nozzle Inner Radius Ultrasonic Scanner) and 
developed by PHOENIX ISL  needs to be used. 

SIRUS scanner could be installed and sets within 5mn by 2 
operators.  

 

 
 
 
 
 
 
 
 
 

 
Figure 7: SIRUS scanner 
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SIRUS scanner has to be installed around the pipe. For that purpose, the support ring is split into two 
halves. Locking the two halves together is performed by hand via two quick release levers. Attached to the 
ring are three support feet, two of the feet have fixed bracket and interchangeable aluminum feet (for 4’’ or 
6’’ pipes) and the third one has an adjustable clamping screw with compliant polyurethane pads (PMUC) to 
grip the pipe. Wholesomeness of the fastening on the pipe was verified during acceptance tests.  

 
Figure 8: Installation of support ring around the pipe 

For accurately positioning the scanner at the right altitude on the pipe and with the appropriated 
flatness of the support ring, 3 tripods forced by 3 braces are installed on the foot fixtures. Suitable 
horizontality of the support ring can be verified by checking the spirit level embedded on the scanner. 
Tightening of the adjustable foot can then be adjusted. 

 
Figure 9: Accurate positioning of the scanner and check for horizontality 

After removing braces and tripods, the radial module pack with probe separation module, toolposts, 
transducers and umbilical could be installed on the circumferential module (locked by hand via two quick 
release levers) 

 
Figure 10: Installation of radial module pack 
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The radial module supports the probe separation module. This module holds 2 probe toolposts with a 
centralized slide which is manually adjusted with a handle. The module is self-locking, fixing the 
transducers’ position (PCS) once the separation has been set. The module also includes a laser marker which, 
when active, shines a cross onto the surface of the dome This enables the scanner to be referenced to a datum 
position on the component for repeatability of inspections and positioning of the defects.  

 
Figure 11: Probe separation module 

At the top of the toolpost is a couplant feed and retrieval manifold. The transducers 
themselves include integrated couplant feed and retrieval channels to prevent the excessive loss of 
couplant during inspection 

 
Figure 12: Couplant feed and retrieval system 

 
 
5 UT CONFIGURATION FOR INSPECTION 
5.1 Acquisition for detection 
 
Probes are using 30° skew angle from axis preferentially searched defect propagation (radial from the axis of 
the nozzle). This configuration will: 

• Ensure maximum cover of the 
area to inspect 

•  Optimize the “corner echo” 
effect 

•  Confirm the presence of an 
indication according to 2 
different directions of inspection 

•  Optimize the reflectivity of an 
indication with orientation other 
than radial 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13: Inspection with 30° skew angle 
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5.2 Complementary inspections 
 
Complementary inspections are performed with 45° skew angle and different separation values. Aims of 
these configurations are: 

 To accurately cover top and bottom portions of area to inspect  
 To confirm the indication by varying skew angle ±15° 
 To obtain complementary information for the characterization of the indication (confirmation of 

diffraction echo, sizing, artifact/defect discrimination, etc). 
 
 
5.3 Coupling monitoring 
 
To monitor the ultrasonic coupling, a 0° Longitudinal Wave probe (5MHz, 6mm) is embedded with the 
70° Shear Wave probe, in the same case. Both probes have the same index point and are driven the same UT 
generator. 

  

Figure 14: Coupling monitoring 
 
6 UT DATA ACQUISITION 
Data ACQUISITION  is performed using ZIRCON , ZMC2 and Ultravision III software FROM ZETEC . 
Data from all inspections (skew 30° and skew 45°) are used for the analysis, with A-scan, B-scan or C-scan 
views. 

 
Figure 15: UT Data acquisition 

PE 

0° LW  70° SW 

UT acquisition equipments 

Inspection sequence 

581



  
  

7 UT DATA ANALYSIS 
 
Data analysis is performed using Ultravision III- 3D  to determine: 

• the localization of the 
indication in the area to 
inspect. 

• the time of flight (beam 
path) 

• the reflectivity of the 
indication 

• the sizing of the indication 
• to discriminate defect from 

artifact 
 

 

 

 

 
Figure 16: UT data analysis with Ultravision III-3D software 
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9 TECHNICAL JUSTIFICATIONS 
As for a conventional qualification method, technical justifications were performed for the UT process. In 
addition of the reminder of the customer’s requirements and related expected NDE performances, the 
description of the component, of the NDE equipment, of the calibration blocks, of the NDE process and the 
summary of expertise procedure were added to the technical justification file. 

List of Influential Parameters (IP) was established. IP were sorted by group (Component, Technique, 
Scanner and Environment), with identification of systematic or random nature, nominal value and min/max 
limits of variation, impacted functions (coverage of the area to inspect, sensibility, localization, sizing or 
artifact/defect discrimination) and applicable methods to quantify impacts of each IP, in its variation range, 
on each functions (theoretical methods: computer simulations using CIVA software or analytical thinking, 
practical methods: design, tests, procedure or lessons-learned). 

We first established the NDE performances of the process has the nominal state using IP with nominal 
values. At the end of the development phase, 34 IP were still under investigation (10 regarding the 
component, 12 for the technique, 3 for the environment and 9 for the scanner). 7 IP were also classified as 
“essential” (real value measured on site). After defining the equations to summarize global impact of all IP 
on each function, we calculated the NDE performances of the process has the nominal degraded state. 

 
 
 
 

Figure 17: Example of equation to summarize global impact of all IP on “Sensibility” 
 
For each impacted functions, we evaluated and justified: 

 For sensibility : sensibility of the process at required detection and characterization limits (in the 
reference of the flat bottomed holes), 

 For coverage of the area to inspect : percentage of  the “area to inspect” that is effectively covered 
by UT, at the required level of sensibility, 

 For localization : analytical expression leading to localize an indication from parameters of 
inspection and NDE measurements 

 For sizing : reflectivity of the defect and equivalent to flat bottom hole dimensions 
 Instruction or analysis method to discriminate physical defect from artifact (cladding, “nozzle to 

component” weld). 
Most critical IP are: 

 For sensibility : pipe OD, component thickness, 
 For coverage of the area to inspect : angle of refraction and accuracy of this angle’s measurement, 
 For localization : angle of refraction, component’s thickness, 
 For sizing : scan and index steps 
 For artifact/defect discrimination : cladding, “nozzle to component” weld 

 
 
10 CONCLUSIONS 
 
The development of this NDE process insures the following points:  All defects manufactured in the mockup were detected according to the appropriated level of 

sensibility  All defects were located within the right level of accuracy  NDE process perfectly covers the required area to inspect : defects detected at upper, middle and 
lower limits of the R35x360°  Discrimination of defect from artifact 
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