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Abstract 

The method of acoustic emission has been used since 1978 to monitor weld series in the main 

primary loop of PWR nuclear power plants in France. It performs remote monitoring of the 

leak tightness of these areas that are not accessible during the hydraulic pressure test. To fulfil 

the French Ministerial Order of November 10
th

, 1999, as with other non-destructive 

examination methods used in service, this technique was qualified in 2006. Since then, several 

additional studies have been conducted to improve NDE reliability for PWRs on the one hand 

and to extend the qualification to the design of the new EPR reactor on the other hand. This 

paper presents the methodology and experimental approach that has been selected to achieve 

the qualification, in particular the detection performance demonstration. 

1. Industrial context 

In France, according to pressure vessel regulations, the PWR Primary loop is tested with a 

hydrotest at 207 bar pressure hold during every decennial outage. The primary loop should 

stand without leakage. During this test, many different welds (about 450 Inconel or stainless 

steel welds) are checked in different Primary Loop areas such as the RPV and the Pressuriser. 

Some of these welds cannot be easily reached even for a visual examination. 

Therefore EDF uses an Acoustic Emission Procedure to ensure that the level of safety of the 

primary loop is satisfactory. 

This AE procedure has been defined to monitor the RPV head vessel welds, the RPV BMI 

and the Pressuriser heater sleeves. A large part of the initial development and qualification of 

this method relies on tests made during the first years of the French nuclear program during 

the 70s-90s. 

This Non-Destructive Examination (NDE) has been qualified since 2006 in accordance with 

the RSE-M code. The qualification type is “conventional” and is linked to an “in-depth 

defence concept”. No specific size of the leak is targeted as far as the detection performance is 

concerned. However the sensitivity is given in terms of minimum detectable leakage rate (in 

litres per hour, worst case approach) at the maximum pressure hold value, for a given 

background noise level and for a calibrated leak path. The detection threshold is defined as an 

RMS intensity at least 3 dB above the amplitude of the background noise, during a 5-minute 

time period. 

The transposition between flow rate and the sensitivity is in the scope of the qualification. 

Localisation and sizing of AE information is not included in the scope of the RSEM 

qualification. Nevertheless, a zonal localisation is carried out and given to the Monitoring 

Team of the HPT in order to check and characterise any detected event in the monitored areas. 
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2. Principle of the acoustic emission detection method 

2.1. Basic principle 

Acoustic emission is created when the fluid (liquid or gas) passes through a leak orifice, for 

example a crack, due to local fluctuations of the pressure field associated with different 

phenomena in the fluid: flow rate turbulence, cavitation, bubble impacts / pulses/ explosion 

and liquid vaporisation, etc. (Figure 1). This fluctuation is a transient phenomenon which 

generates a pulse-type acoustic wave. If a large number of fluctuations occur during the 

measurement, randomly and inconsistently over time and in the volume of the fluid, the 

resulting signature looks like a quasi-stationary noise at least at the scale of a second. This is 

referred to as continuous acoustic emission.  

In the case of leaks, continuous acoustic emission is demonstrated by an apparent increase in 

background noise and is characterised by its efficient value (RMS voltage). An example of the 

AE signal recorded in the main primary loop during its hydrotest is given in Figure 2 (a first 

XX AE channel without leakage, a second YY AE channel with a leakage close by, although 

outside of the inspected area). 

Under well-defined conditions of pressure P and temperature T, this voltage varies as a 

function of the leakage rate according to a Vrms = KQ
m 

law where K is a constant and the 

exponent m depends on the geometry and type of the leakage, conditions of P and T and the 

detection frequency. 

It is possible to quantify a leakage rate (or determine the detection performance) when the 

following three information items have been acquired: 

1. The theoretical behaviour law ���� = ��� for a given type of leakage and under 

defined environmental conditions 

2. Attenuation of the ultrasound waves as a function of the leak source - sensor distance 

3. The surrounding background noise (operating noise of the facilities for example) 

The last two points decrease theoretical sensitivity performance. This principle is 

demonstrated in Figure 3. 

2.2. Applying the method for detecting leaks in the main primary loop during 

its hydrotesting. 

This paragraph presents the experimental approach used for determining the expression of 

detection performances upon application of the AE method for detecting leakages in the main 

primary loop during its regulatory hydrotest. 

Instrumentation of the main primary loop 

Three components of the main primary loop subject to examination by AE are outlined in 

Table 1 as well as the number of sensors required for monitoring each zone. Figure 4 features 

the location of all the sensors in the circuit.  
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Component Zones subject to the 

examination 

Simplified 

identification 

Figure Number of 

sensors installed 

Vessel head - Welding of the adaptors on 

the head and vent 

- Housing welding of control 

rod drive mechanism 

- Envelope control rod drive 

mechanism (EPR) 

Weld A 

 

Weld B 

 

4.1 6 or 8 

Vessel 

bottom head 

- Penetration welding of the 

core instrumentation sleeves 

- Sleeves welding on the 

instrumentation guide column 

Weld A 

 

Weld B 

4.2 3 or 4 

Pressuriser 

bottom head 

- Penetration welding of the 

heater sleeves 

- Connection welding of the 

headlines on heating rods 

Weld A 

 

Weld B 

4.3 4 

Table 1: Zones subject to EA examination and in each zone, the number of sensors installed 

1) Determining the behaviour law 	
�� = �� in the case of the hydrotesting of 

the main primary loop 

This study was carried out using rectangular-shaped “calibrated” leakage ports. These ports 

were chosen as there is a very large variety of real leaks (surface breaking, cracks) which are 

accordingly hard to reproduce. Their emission intensity is 10 to 20 dB higher than that of the 

“calibrated” leaks, the reasoning selected is therefore conservative. Moreover, there is better 

control and reproducibility in manufacturing calibrated leaks. An example of a specimen 

comprising a “calibrated” leak is given in Figure 5. 

Two limit curves are obtained (Figure 6) by varying the dimensions of these calibrated 

leakage ports (width, height, thickness). They are viewed as reference curves to then establish 

the detection performance under actual application conditions of the AE procedure on site 

(ISI: in service inspection). 

2) Analysis of zone coverage (attenuation levels) 

Due to the geometric complexity of the components (presence of a large number of branch 

connections, weld penetrations, dimensions of the medium, etc.) many mode diffraction, 

reflexion and conversion phenomena occur making it impossible to forecast the calculation of 

the attenuations. Experimental measurements according to a precise protocol are therefore 

required. This protocol based on use of the separate transmitter-receiver method complies 

with two important conditions: 

- Continuous excitation source. In this respect, an air jet excitation was used which is 

considered as being representative of a pressure water leak (sources using a pulsing 

method are much more sensitive to the attenuation and to potential shadowing by nozzles, and 

are therefore not representative of the AE created by a real leak). 
- Position of the source. The excitation source moves along the welds to be monitored 

and the sensors-receivers are placed in the same way as during an actual component 

examination 



 

Page 4 

 

A full trial campaign was conducted for two years. The measurements were performed: 

- on real-size mock-ups in laboratory conditions (RPV head), 

- during In-Service Inspections (ISI) of PWR in EDF NPPs for the RPV core bulk, 

- on the new EPR components in the workshop (EPR RPV head and PSR bottom end 

cover) 

An example of the result on a PWR vessel head mock-up is given in Figure 7. A total 

attenuation value for each family of welds is determined from this type of mapping. For 

instance, on a PWR vessel head, the attenuation level is 20 dB for weld A and 30 dB for weld 

B up to the sensors coupled on the periphery of the component (refer to Table 1 for the 

meaning of A and B). 

Finally, the limit curves of the theoretical behaviour law ���� = ��� for each component 

are transposed by integrating the corresponding attenuation level. Figure 8 presents an 

example of these curves for a PWR vessel bottom head. 

Moreover, the attenuation measurements during the ISIs were extended to other RPV areas, to 

explore the possibility of mounting AE sensors onto other areas than those historically used 

(refer to 4).  

3) Account taken of the ambient background noise 

This is a defining parameter for proper detection sensitivity. However, it is not always 

possible to reduce the surrounding noise within the context of a hydrotest of the main primary 

loop as various industrial activities coexist during the hydrotest and may generate background 

noise and disrupt the detection. 

In order to demonstrate the impact of surrounding background noise (environmental and 

process noise) on the leak detectability in each zone, charts presenting the smallest detected 

leak flow rate (in Litre / hour) as a function of the surrounding background noise are drawn 

up. Figure 9 shows an example for the pressuriser bottom head. 

As a result, a maximum acceptable background noise limit value is defined below in order to 

guarantee the final sensitivity performance of the procedure. 

3. Account taken of the implementation conditions in the assessed 

detection performance 

In addition to the previously studied influential parameters (attenuation, background noise), 

other parameters related to implementation of the procedure on site (ISI) may also affect the 

detection sensitivity such as: 

- Statistical dispersion of the properties of the sensor and of the measuring AR channel, 

- Reproducibility and stability of the coupling over time. This latter point is important in 

particular for the vessel bottom head where the high radiation level significantly restricts 

access to the personnel. 

- Temperature variations during the examination, 

- Etc. 
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All these influential parameters have been studied, their fields of variation were quantified as 

well as their consequences on the modified behaviour law ���� = ���. 

Starting from a limit background noise value of around 30 dB RMS, a level which is 

considered as acceptable after six years of industrial feedback, the detection sensitivity 

established is of a few litres per hour for welds A and a few tens of litres per hour for welds B 

for all the components studied. 

Following the measurement campaigns described above (2), an alternative to the sensors directly 

coupled on the RPV Bottom head was found. To monitor the BMI welds with little impact on the ISI 

organisation, the RPV inlet areas between the Bi-Metallic Welds and the RPV Core bulk itself were 

found to be a favourable monitoring area, since the radiation level is lower and personnel access is at 

ground level. The conditions on the acceptable background noise also take into account this optional 

remote monitoring of the BMI welds. 

4. Assessment regarding industrial application of the method 

The use of an AE source representative of a real leak allowed for an accurate estimation of the 

attenuation along the propagation path, which is the parameter that has the highest influence 

on the performances of the NDE.  

The recent feedback from several ISIs, as well as mock-up and workshop measurements could 

be taken into account to calculate the guaranteed sensitivity performances.  

Also, alternative areas of instrumentation were selected in order to reduce instrumentation and 

personnel irradiation. The conditions on the acceptable background noise level were updated 

in order to keep at least the same sensitivity and coverage area performances as before.  

It is expected that this modification of the ISI will also have a positive impact on the 

organization of the AT examinations performed during 10-year outages at EDF. 

5. Future R&D prospects 

The improvements considered are on various levels: 

- Improve implementation: in particular reducing the time necessary to instrument the 

various components (and therefore the associated dosimetry), it would be useful to 

develop smart sensors (by integrating conditioning / processing of the signals inside the 

sensors) or wireless communication means  

- Refine the detection capacity for a more precise location of the leaks: new advanced 

signal processing or reconstitution techniques can be considered ; 

- Generalise the method on other applications without resorting to long and costly tests 

(current results may be reused). Simulation tools are likely to be developed and would 

make it possible to optimise design of new procedures and allow easier demonstration of 

their performance. 

- The key points of the application featured in this article were used in the current CEN 

standardisation works item associated with leak detection by acoustic emission. 
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Figure 1: Mechanisms of the sources generating acoustic emission in the case of a leakage 

 

Figure 2: Examples of the AE leakage signal recorded on a main primary loop during its hydrotest 

 

Figure 3: Principle for defining the leakage detectability threshold 
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Figure 4: Location of the sensors on each component subject to the examination 

     
4.1 Zones on the vessel head  4.2. Zones on the vessel bottom head 

 
4.3. Zones en the pressuriser bottom head  
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Figure 5: Calibrated leak specimen used to establish the behaviour law ���� = ��� 

 

Figure 6: Limit curves of the acoustic emission intensity as a function of the leakage flow rate encompassing the 5 

calibrated leaks studied. 

  

Figure 7: Measurements of attenuations on a PWR vessel head. To the left, the top view of the head with its 78 

adaptors and to the right in the form of a mapping, the attenuation levels measured on each adaptor. 
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Figure 8: Behaviour law 	
�� = �� modified by the attenuation level of welds A and B in the case of a PWR vessel 

bottom head 

 

Figure 9: An example of a chart giving the leakage detection threshold as a function of the surrounding background 

noise in the case of a PWR pressuriser bottom head 

 


