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Abstract 
 
The integrity of the RPV seal faces is one of the most important objects in nuclear services. 
Laser scanning of the seal faces allows getting 3- dimensional information about surface 
defects. The evaluation of laser scans helps to decide the necessity for a repair welding in time 
thereby minimizing the risk of leakages.  

1 INTRODUCTION 

1.1      Problem 

The safe and reliable containment of radioactive materials is the number-one priority for 
nuclear power plant operators. The safety concept used for this purpose is based on a system 
of multiple barriers. System and component leak tightness is essential to maintaining this 
barrier concept. This is a prerequisite for problem-free and hence economic plant operation. 

 
The leak tightness of the reactor pressure vessel plays a central role in this system. Any 

leaks here necessitate complex re-opening of the RPV to determine the cause of the leakage, 
and possibly also repair work or seal replacement. To avoid the associated effort and 
expenditure, a highly sensitive technique for examining RPV seal faces has been developed 
and proven in service. 

 
The conventional technique is visual inspection of the seal faces with a high-resolution 

camera. The surface condition of the seal faces is subsequently assessed off-line on the basis 
of the recorded images. It is often extremely difficult to distinguish between harmless 
discoloration and potential defects using this technique. The 2-dimensional nature of the 
video recordings, with possible problematic lighting conditions and shadows, precludes any 
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determination of the size and depth of defects. This necessitates expensive and high-dose re-
inspection, for example using Technovit replicas. 

 
This situation prompted Framatome ANP GmbH to develop a technique for laser 

profilometry of RPV seal faces. 
This technique enables extremely precise examination of the surface structure of the 

seal face using a laser scanner and evaluation with a software system developed especially for 
this purpose. 

With this technique, genuine defects can be clearly distinguished from harmless 
indications. Precise data on the size, depth and position of defects can be provided without the 
need for high-dose re-examinations, and can be reproduced at any time. 

2 SYSTEM DESCRIPTION 

Laser profilometry scans the surface structure of the seal face using a laser scanner. The 
laser scanner is moved over the seal face by a special robot, recording the surface structure. 

2.1  Laser Profilometry of RPV Seal Face 

The robot for laser profilometry of the seal face on the RPV flange is set down on the 
dried and cleaned seal face and is operated from the auxiliary bridge. 
The robot moves the mounted laser scanner at a defined distance over the seal face to be 
scanned. 

It also carries a high-resolution CCD camera which is used for visual inspection of the 
seal face, and 2 CCD cameras for position monitoring. 

The robot, together with the CCD cameras, is operated by a common control system, 
and is connected to an analysis PC to record the data. The PC stores the contour information 
acquired by the laser scanner together with the measurement position determined by the 
robot's synchronic transmitter and makes these data available for subsequent evaluation. 

The CCD camera used for the visual inspection has a pan/tilt drive and a lighting unit 
positioned around the lens to ensure optimum lighting of the image of the area to be scanned. 
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Figure 1: Laser scanning unit for RPV seal face 
 
 

2.2    Laser Profilometry of Seal Grooves in RPV Head 

The system for laser profilometry of the RPV head seal grooves consists of a robot on 
which the laser scanner and a CCD camera for visual inspection are mounted. 
The head seal groove cleaning machine available in many plants can also be adapted as the 
robot. 

If a cleaning machine of this type with the associated rail system does not exist, the seal 
support serves as the guide element. The inspection is then performed with a robot specially 
developed for this purpose. 

The attached CCD camera enables laser profilometry with simultaneous visual 
inspection of the seal grooves. 

The robot and the CCD cameras are operated by a common control system, and are 
connected to an analysis PC to record the data. The PC stores the contour information 
acquired by the laser scanner together with the measurement position determined by the 
robot's synchronic transmitter and makes these data available for subsequent evaluation. 
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Fig. 2: Laser scanning unit for RPV head seal grooves 
 
2.3     Scanning Principle 

2.3.1  Operation 

A type M2D laser scanner manufactured by MEL Mikroelektronik GmbH is used to 
provide a two-dimensional scan of the surface contour of the seal face to be examined. 

A laser line is projected onto the seal face, and the distance to the surface is determined 
by triangulation. 

The height (Z axis) is measured over a given length (X axis). The result is the object 
profile at the measuring point. The precise position of the measuring point on the seal face is 
supplied by the robot's inbuilt synchronous transmitter. 

2.3.2 Reference Line and Auto tracking 

The distance of the laser scanner from the seal face fluctuates slightly during each scan 
pass. This is a result of the robot's mechanical system and cannot be compensated 
mechanically at any reasonable expense. To prevent these deviations from rendering the 
scanning result useless, the analysis software generates a reference line which automatically 
follows the contour to be measured. This enables movements of the robot to be distinguished 
from variations in the surface contour. 

2.3.3 Laser Scanner Operation 

The M2D laser scanner is a line scanner which uses a special lens system to expand a 
point laser beam to a line which is projected onto the test object. The diffuse light energy of 
the projected laser line reflected from the measured object is acquired in 2 dimensions by a 
CCD array and is processed by triangulation. 
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Changes in the height contour of the seal face deflect the laser line. This deflection is 
corrected using trigonometry and is evaluated. In addition to distance information (Z axis), 
the line scanner also yields the corresponding position of the scanning point (X axis) on the 
laser line. 

2.3.4 Safety 

The M2D-series laser scanner is equipped with laser diodes with a wavelength of 670 
nm and 1 mW effective power. The light is clearly visible, making it easy to rule out any 
hazard. 

The equipment is assigned to laser protection class 3. The laser source can be switched 
off through the computer software for maintenance and assembly work, safely ruling out any 
hazard for personnel. 

2.4   Analysis 

The primary task of the analysis software is to visualize the acquired data, enabling 
assessment of the condition of the seal faces. 

The laser scanner is connected to the analysis computer via a 1.6 Mbps fast serial 
connection. The PC records measured data on an online basis, and produces a comprehensive 
record of the entire scanned seal face area as the scan is carried out. 
Offline analyses can be carried out at any time. Upper and lower limits for the height profile 
can be defined in the software. If these limits are exceeded, the points concerned are colour-
marked. 

As the user scrolls through the recorded scan with the computer mouse, the x, y and z 
values for the contour at the current mouse position are displayed. The software also places a 
label in the graphical display giving the position and depth of the indication. This very 
quickly provides the examiner with a picture of the condition of the seal face. 

Edges can be automatically removed from the displayed scan. The scanning range is 
wider than the area to be examined, thus always ensuring that the entire seal face of interest is 
examined. 
                      

 

                        
 

Figure 3: Laser profilometry of RPV seal faces 
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3 RESULTS 

Laser profilometry has proven to enable extremely precise examination of the actual 
surface structure of the seal faces, and the analysis methods provided enable outstanding 
distinction of genuine defects from harmless indications. It is interesting to note that the 
optical impression from the visual inspection often differs from the actual scanning 
indications. 

Laser profilometry thus represents a substantial contribution to reducing the collective 
dose, as high-dose re-examinations and repair measures can be reduced to the minimum 
necessary. 
 

 
 
 
 
 
 
 

           
 

 
 
 
 
 
 
 
 
 


