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Abstract. Remote visual examination is one of the most important methods for non-
destructive in-service examinations of primary components in nuclear power plants. 
It features two main advantages: the short examination duration and the fast 
interpretation of results. It does not require extensive preparation, and the 
examination is relatively short. The results are clear and explicit, without any 
undetermined indications.  
 Many European countries are considering the ENIQ-methodology (European 
Network for Inspection Qualification) and its recommended practices. An ENIQ-
qualification establishes the essential parameters for a NDT method. For the remote 
visual examination some of the essential parameters are: examination distance, 
viewing angle, scanning speed and positioning accuracy. An ENIQ-qualified visual 
examination requires fulfillment of all essential parameters during the entire 
examination. 
 How can an ENIQ-qualified remote visual examination be performed on the 
inner surface of the reactor pressure vessel? And what about the time needed for 
such an examination? All activities in the reactor pressure vessel are always on the 
critical path. AREVA presents the answer to this question, with “SUSI 420 HD”, the 
Submarine System for Inspections. 
 Equipped with a high definition camera, "SUSI 420 HD" is the most flexible 
remotely operated manipulator for visual examinations of reactor pressure vessels. It 
weighs only 25 kg. Visual examinations with "SUSI 420 HD" do not require the use 
of a crane, refueling machine or auxiliary bridge. In this way the visual examination 
can be performed in parallel to other activities which are on the critical path. 
 The presentation takes a closer look at the essential parameters described 
above. It will describe how "SUSI 420 HD" can fulfill these parameters through 
some adaptations. The presentation concludes that "SUSI 420 HD" is the right 
solution for an ENIQ-qualified visual examination of the reactor pressure vessel. 
Due to the flexibility of the submarine, the examination can be implemented within 
a reasonable time frame and without work on the critical path. 
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1 Introduction  

Visual examination is one of the most important methods for non-destructive in-service 
examinations of primary components at nuclear power plants. It features two main 
advantages - short examination duration and fast interpretation of results. It does not require 
extensive preparation and the examination is relatively short. The results are clear and 
explicit, without any undetermined indications. 

2 Outage Activities in a Nuclear Power Plant 

There are two important parameters when it comes to outage activities in a nuclear power 
plant: time schedule and working conditions. 

2.1 Time schedule 

A nuclear power plant with a pressurized water reactor (e.g. Siemens KWU Konvoi 
Design) has an electrical power of approximately 1300 MW. Due to the huge amount of 
electrical power the plant operators aim to have the plant in operation as much as possible. 
On the other side, there are some operations, as refueling, maintenance and in-service 
examinations, which have to be done during the annual outage. In order to keep an outage 
as short as possible the time schedule should be optimized. The most time consuming 
activities are determining the critical path. 

2.2 Working conditions 

The working conditions have an impact on the outage activities. Figure 1 gives an overview 
of the working conditions in a nuclear power plant. 
 

 
Figure 1: overview of the working conditions in a nuclear power plant 
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•  Radiation:  
High radiation dose can damage human body cells. The ALARA principle is being 

applied to reduce this radiation damage. ALARA = As Low As Reasonably Achievable.  

•  Availability of the Refueling Machine and the Auxiliary Bridge:  
The use of the refueling machine and / or the auxiliary bridge is always on the 

critical path. Therefore, their use should be limited to the critical path work scope.  

•  Location of the Reactor Pressure Vessel and the Reactor Pressure Vessel 
Internals: 
The distance between the reactor floor and reactor pressure vessel bottom amounts 

to approximately 20 m. 

3 Non-Mechanized Versus Mechanized Visual Examination 

In-service visual examinations of the reactor pressure vessel and the reactor pressure vessel 
internals are performed as a non-mechanized or mechanized visual examination.  

During a non-mechanized visual examination a designated camera operator stands 
on the auxiliary bridge (alternative refueling machine) and moves the camera over the 
examination area due to the instructions of the responsible VT examiner.  

During a mechanized (remote controlled) visual examination the examination is 
carried out by using a manipulator instead of a camera operator. The manipulator is used as 
a carrier for the camera and for the positioning of the camera. The main advantages of the 
mechanized visual examination compared to the non-mechanized visual examination are: 

•  Less radiation exposure to the personnel (ALARA). 
•  No work on the critical path because the auxiliary bridge and the refueling machine 

are not used for the in-service examination. 

4 ENIQ-Qualification 

The ENIQ “European Network for Inspection and Qualification” is a European network 
developing methods for the qualification of non-destructive examination methods for 
nuclear power plants.  
The main steps of the qualification process are:  

•  Preparation of a “Technical Justification” (TJ) that defines all essential parameters. 
The TJ serves as justification that the examination system is capable of meeting the 
technical requirements. 

•  Preparation of an Examination Procedure that describes the examination system and 
specifies the requirements for personnel certification, examination area, 
examination method, calibration/verification of the examination system, process for 
the evaluation of indications, documentation and presentation of the examination 
results. 
Both documents, the Technical Justification and the Examination Procedure have to 

be reviewed and approved by the nuclear power plant operator and the regulation body. 
After the approval of the documents the examination company must demonstrate 

the capability of the examination system in front of the qualification body.  
After the examination system qualification the personnel of the examination 

company has to demonstrate its capabilities on test blocks with natural indications by using 
the qualified examination system. The demonstration consists of the correct use of the 
examination system, the detection and the evaluation of indications according to the 
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examination procedure. After the successful demonstration the personnel is qualified and 
the qualification is documented with a qualification certificate issued by the qualification 
body. 

The examination has to be performed by using the qualified examination system, 
examination procedure and personnel. 

5 ENIQ-Qualification of a (Remote) Visual Examination 

For the (remote) visual examination some of the essential parameters are: illumination, 
examination distance, viewing angle, scanning speed, positioning accuracy and sizing of 
indications. An ENIQ-qualified visual examination requires fulfilment of all essential 
parameters during the entire examination. 

6 “SUSI 420 HD” – one Submarine out of AREVA´s Submarine Family 

Equipped with a high definition camera with a resolution of more than 750 lines (pixels 
1920 x 1080) , “SUSI 420 HD” is the most flexible remotely-operated manipulator for 
visual examinations of reactor pressure vessels and reactor pressure vessel internals of 
pressurized water reactors. It weighs only 25 kg, so there is not even need for a crane to put 
the submarine into water. Moreover, visual examinations with “SUSI 420 HD” require 
neither the use of the refueling machine nor the use of the auxiliary bridge. In this way the 
visual examination can be performed in parallel to other activities which are on the critical 
path. 

In addition to the high quality, the easy assembling, the independent operation, the 
time efficiency and the flexibility, “SUSI 420 HD” can be operated from any place at the 
reactor pool floor.  

In the following we take a closer look at the essential parameters illumination, 
examination distance, viewing angle, scanning speed and positioning accuracy. It will be 
described how “SUSI 420 HD” can fulfill these parameters through some adaptations.  

7 Illumination 

One essential parameter is the illumination of the component surface. Nowadays it is very 
common to replace halogen light by LED light. For the development of “SUSI 420 HD” 
AREVA tested halogen light and LED light. The laboratory trials have shown that it is very 
important to perform the visual examination with a combination of halogen and LED light 
that can be varied in brightness and incidence angle.  

The submarine “SUSI 420 HD” is equipped with two 80 Watt LED bars that can be 
turned on and off separately. The main purpose of the LED light is to provide a very bright 
and diffuse illumination, which is important for VT-3 (overview) examinations.  

The HD camera is equipped with four 35 Watt halogen lights which are placed 
around the lens. The four halogen lights follow each movement of the camera and can be 
dimmed stepless from 0% to 100%. For VT-1(detailed) examinations the halogen light is 
the best solution for the detection of very small indications.  

The combination of the two different light sources (halogen and LED) allows the 
most flexible illumination of the object surface. 
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8 Examination Distance and Scanning Speed 

The determination of the examination distance is realized in two different ways. If the 
object is fully accessible and the surface is flat and without any obstacles, like the 
cylindrical part of the reactor pressure vessel, the examination distance is realized by using 
a crawler mounted to “SUSI 420 HD” (Figure 2).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: crawler mounted to the submarine 

The crawler (1) is fixed to the submarine (2) at the necessary inspection distance by 
four screws (3). By using the horizontal thrusters of the submarine the crawler is pressed to 
the reactor pressure vessel surface. The two drive motors (4) that are connected to the two 
belts (5) enable the horizontal movement of the crawler over the examination surface. The 
scanning speed can be adjusted stepless by using the remote control of the submarine in 
order to fulfill the required scanning speed for a VT-1 and for a VT-3 inspection. The 
adaptation of a crawler to “SUSI 420 HD” allows keeping a constant examination distance 
and scanning speed during the entire examination. 

If the examination object is not fully accessible or the surface is not flat, like the 
calotte of the reactor pressure vessel, the determination of the inspection distance will be 
realized by using a transit time sensor (Figure 3). 

 

 

 

 

 

 

 

 

 

Figure 3: two transit time sensors fixed on the camera 

The two transit time sensors (1) and (2) are fixed on the camera head. The high 
definition camera can be moved up and down (tilt) and rotated (pan). The distance meter 
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follows each movement of the camera and allows the proper measurement of the 
examination distance during the entire examination.  

9 Viewing Angle 

Practical investigations have shown that VT-1 inspections must be carried out at as straight 
as possible viewing angles. This applies for the vertical (λ) and horizontal (β) viewing 
angle (Figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Definition of the vertical and horizontal viewing angle 

The vertical viewing angle is determined by the camera coordinate “tilt”. The “tilt” 
is displayed on the monitor during the entire examination.  

The horizontal viewing angle is determined either by the crawler (Figure 2) or by 
the transit time sensors (Figure 3).  

If the crawler is mounted to the submarine and pressed to the examination surface, 
the horizontal viewing angle is absolutely straight.  

If the two transit time sensors are mounted, the horizontal viewing angle will be 
measured as trigonometric function. For a straight viewing angle the difference between the 
two distances should be close to zero. The higher the difference the larger is the deviation 
from the horizontal straight angle.  

10 Positioning accuracy 

Another essential parameter is the positioning accuracy. In case an indication is detected, 
the position of the indication must be determined as accurately as possible. The position of 
an indication in the reactor pressure vessel is defined by its axial and circumferential 
position. Mounting a depth sensor on the submarine allows the determination of the axial 
position of an indication. The circumferential position will be established by means of an 
overview camera. The “pan” value of the camera corresponds to the position of the 
indication in circumferential position. 

examination surface 

side view of the submarine top view of the submarine 

λ 

β
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11 Sizing 

The detection target is defined at the beginning of an ENIQ-Qualification. The detection 
target is an indication with certain length and width. The width for VT-1 examination is 
given almost in micrometer (µm). Even though the high definition camera has a 
36 x optical zoom, practically a precise measurement of the width is not possible. Proper 
width measurement can only be performed in laboratory conditions by using a microscope.  

Therefore, the sizing of indications is limited to the length measurement. Length 
measurement will be performed by means of two laser lines (Figure 5). 

 

 

Figure 5: Position of the line lasers 

The two separate lasers (1) and (2) that are integrated in the camera head produce 
two laser lines which are parallel to each other.  

The distance between the two laser lines is calibrated before the examination. The 
length measurement of an indication is performed in relation to the distance between the 
two laser lines. A verification of the distance between the laser lines will be carried out in 
order to ensure that the measurement will be performed accurately.  

12 Not Only for Nuclear Power Plants 

The submarine “SUSI 420 HD” was specially developed for the visual examination of the 
reactor pressure vessel and the rector pressure vessel internals in order to fulfill the high 
requirements placed on the examination system. However, the use of the submarine is not 
limited to the use in nuclear power plants. The submarine can be used for the visual 
examination of any accessible surfaces of tanks, reservoirs, pipes, etc. The technical 
specifications of “SUSI 420 HD” are as follows: 

•  Resolution: 750 lines (pixels 1920 x 1080) 
•  Pan:  infinite 
•  Tilt:  ± 170° 
•  Zoom:   30 x optical, 12 x digital 
•  Temperature: < 60° 
•  Pressure: 0 - 5 bar 
•  Cable length: 100 m 

However, the technical specification above applies to the submarine “SUSI 420 
HD” as used for the visual examination of the reactor pressure vessel and the reactor 
pressure vessel internals. Due to specific requests, AREVA GmbH can change the technical 
specification and offer tailor-made solutions. 

1 
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The number 420 in the name of the “SUSI 420 HD” refers to the size of the 
submarine. 420 means that the submarine can access a pipe with a diameter of 420 mm.  
AREVA GmbH has also developed “SUSI 270” and “SUSI 190” to access smaller pipes. 

13 Long-term Experience in ENIQ-Qualified Visual Examinations 

The accredited testing laboratory of AREVA GmbH, IBOO-G (D-PL-11153-04-00) is 
specialized in visual examinations of pressurized and boiling water reactors. 

The testing laboratory has carried out different qualifications and examinations in 
accordance with ENIQ. The variety of qualifications in different European countries has 
shown that the testing laboratory is able to carry out qualifications and visual examinations 
due to the requirements of the domestic qualification bodies and nuclear power plant 
operators. Realizing the increasing importance of ENIQ, the testing laboratory is 
continuously conducting practical trials and improving its visual examination technique, 
which enables it to cope with any customer requirements. 

14 Conclusion 

The article concludes that “SUSI 420 HD” is the right solution for an ENIQ-qualified 
remote visual examination of the reactor pressure vessel, upper and lower internals and 
main coolant lines. The state-of-the-art equipment allows the fulfillment of all essential 
parameters. The long-term experience of the testing laboratory in the field of ENIQ 
qualifications ensure that the qualification will be completed on time. Due to the flexibility 
of the submarine, the examination can be implemented within a reasonable time frame and 
without work on the critical path. 

Moreover, the use of “SUSI 420 HD” is not limited to the use in nuclear power 
plants. The submarine can be used for the detailed and general visual examination of any 
surfaces of tanks, reservoirs, pipes, etc. Upon requests AREVA GmbH can offer tailor-
made solutions in order to fulfil specific requirements. 

 


