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ABSTRACT 
 

Nuclear power plants rely on concrete structures such as containment buildings, spent fuel pools, 
radiation shield walls, cooling towers, pedestals and concrete pipes.  The design of these structures 
has some characteristics that make inspections challenging such as the lack of accessibility, large 
surfaces, attached metal liners, and steel reinforcement congestion.  

The main types of degradation observed in these structures are cracking, spalling, efflorescence 
and rebar corrosion. Although not visually observed, small-scale deformations such as creep and 
embrittlement have also contributed to severe concrete degradation.  Information on such types of 
degradation is usually obtained via routine and in-depth inspections using different NDE techniques.  

This paper will illustrate known cases of concrete degradation in different types of structures in 
nuclear power plants. The methods used for routine and in-depth inspection of these structures will be 
described. In each case, the advantages and disadvantages of the preferred technique will be 
presented.  Finally, the needs for improvements in the overall inspection capabilities used in each case 
will be discussed. 

 
 

CONCRETE STRUCTURES IN NUCLEAR PLANTS 
 

Concrete structures in a nuclear power plant include: primary containments, spent fuel pools, intake 
canals, cooling towers, prestressed concrete pipes, pedestals, shield walls, toruses and casks for dry 
storage. The inspection and aging management of these structures depends on whether they are safety 
related or not.  

Two structures will be addressed in this paper, containment buildings and cooling towers. One 
is safety related and the other structure is not safety related. Both have large concrete surfaces that 
need to be inspected. Similar methods have been used in both types of buildings and they share 
similar challenges.   

 
 

CONTAINMENT BUILDINGS 
 

The US nuclear fleet includes 69 pressurized water reactors. Concrete containment structures are 
safety related structures that are made from reinforced concrete or post tensioned concrete. Metallic 
containments usually have an annulus and a concrete shield building.   

The thickness of concrete containments varies depending on the type of construction and can 
range from 0.90m to 1.40m [1].  The type and location of reinforcement varies widely among each 
type.  

The main types of concrete degradation observed in these structures are freeze thaw, moisture 
migration, creep, sudden degradation due to unexpected loads, and construction defects.  A detailed 
description of these can be found in [2]. Note that some of these mechanisms can be more important 
in one plant than in another depending on type of concrete, type of design, location, etc. 

A typical height and diameter of these buildings are 64m and 43m, respectively, and therefore, 
the cylindrical part of these buildings can have as much as 6400m2 of concrete surface area [1]. 
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Figure 1 - Concrete containment buildings  

 
Inspection 

 
Routine inspection: Concrete inspection follows the subsection IWL from the Boiler and Pressure 
Vessel Code from the American Society of Mechanical Engineers (ASME). This visual examination 
is performed only on the accessible side.  

This routine inspection could be enhanced by improving data collection and processing in such 
a way that it can be plotted and traced easily to evaluate and trend the degradation of the structure. 
Additionally, methods to expedite data collection while maintaining or improving data quality would 
be very beneficial. 

   
In depth inspection: Several NDE techniques can be used while performing in depth inspections 
according to the defect that is being investigated. A common characteristic of these techniques is that 
they are all based on discrete measurements. 

Recently, during the replacement of a steam generator in a post tensioned concrete containment 
in the US, a large delamination parallel to the surface was discovered. There was a need to identify the 
extent, the depth and the width of the delamination as well as the possibility of parallel cracks in the 
wall. Several methods were tested such as impact echo, impulse response, ground penetrating radar 
and shear wave tomography. 

Impulse response was used to identify the extent of the delamination. The advantage of this 
method is that is simple, fast, easy to deploy, reliable and requires no data-processing. The depth of 
the delamination could not be obtained with the standard NDE methods with the level of reliability 
required in nuclear power plants. Thus, core boring was used to determine the depth of the 
delamination, the width of the crack, and the existence of parallel cracking. 

The opening in the containment was located above the equipment hatch in one of the 6 bays. 
The surface area of a bay of concrete containment with 6 buttresses is approximately 900m2. 
Approximately 3000 discrete measurements need to be taken in a grid of 0.6m by 0.6m to cover such 
a bay.  The logistics associated with moving a platform around such a large surface area are time 
consuming and very challenging. 

 
 
 
 
 
 
 
 
 



 
Figure 2 - Impulse response method  

 
Summary of needs 
 
Two main needs resulted from this experience: 
 

• Impulse response is a simple and reliable method, but as many of the other methods used in 
concrete relies on discrete measurements. There is a need to develop techniques that rely on 
non-discrete methods in these large structures, without loosing the reliability and simplicity of 
the existing techniques such as impulse response. 

• The reliability of some of the NDE techniques used in concrete is poor, making it challenging 
to use them in structures located in nuclear power plants. There is a need to improve the 
reliability of these tests if they are to be used in these types of structures.  

 
 

NATURAL DRAFT COOLING TOWERS 
 
Natural draft cooling towers are non-safety civil structures consisting of a hyperbolic shell stiffened 
by a cornice and a lintel; the supports consisting in beams and V, X or A shaped columns; and the 
foundations. There are 23 and 67 natural draft cooling towers in nuclear and coal power plants in the 
US, respectively. 

The thickness of the hyperbolic shell varies along the height of these structure and ranges from 
0.20-0.25m at the throat to 0.90m to 1.10m at the ends. Two layers of reinforcement exist in most of 
these structures.    

The main types of concrete degradation observed in these structures are cracking, spalling, 
corrosion and efflorescence due to freeze thaw, moisture migration, aggressive water, aggressive 
environment and ice formation. Note that some of these mechanisms can be more important in one 
plant than in another depending on type of concrete, type of design, location, etc.  

These structures can be taller than 150m and with a diameter ranging from approximately 110m 
to 80m and therefore, the surface area is extremely large. The inspection of the concrete shell in these 
buildings is challenging and accessibility is not easy. 

  

 
Figure 3 - Natural draft cooling tower [3] 



Inspection 
 
Routine inspection: The inspection can be performed either based on procedures used for “safety-
related” buildings or based on plant specific procedures related to the inspection of mechanical parts 
within the cooling tower. The level of detail in the different procedures varies from checking for 
general concrete degradation to mapping of cracks, location of efflorescence, spalling and staining.  

The main challenges to this type of inspections are the accessibility to concrete structures for a 
detailed visual inspection and the time consuming nature of the process. Because of those reasons 
large areas of the structures are not routinely inspected.   

 
In depth inspection: In general, in-depth inspections of these structures involve checking for 
delaminations due to corrosion of the outer reinforcement layer.  Many of these structures are 
subjected to an aggressive environment resulting in corrosion of the outer layer of reinforcement with 
the consequent delamination.  

Hammer sounding and impulse response are generally used to detect the extent of the 
delamination previous to repair activities.  The advantage of both of these methods is that they are 
simple, fast, easy to deploy and require no data processing. However, a common characteristic of 
these techniques is that they are all based on discrete measurements. 

 

 
Figure 4 - Concrete delamination due to reinforcement corrosion [4] 

 
Reinforcement corrosion and delamination are not localized in a small area of the structure and 

result in the need of testing most or the entire concrete surface. The surface area of natural draft 
cooling tower can be very large as shown in Figure 2 and examining that surface with discrete 
measurements results in a logistics nightmare due to the large number of measurement points 
required. 
 
Summary of needs 

 
Hammer sounding and impulse response are simple and easily deployed NDE techniques frequently 
used in these structures. The large surface area of these structures and the aggressive environment 
they are subjected to result in the need to expedite and control the inspection process without loosing 
the simplicity of these discrete methods.  

 
 

SUMMARY AND OBSERVATIONS 
 

The aging of concrete infrastructure will result in an increase frequency of both routine and in depth 
inspections; with the consequent need to expedite both processes. 

There are many challenges and needs for NDE examinations in concrete structures. Among 
them, the need to expedite inspections by using non-discrete techniques was illustrated here.  

Outside of nuclear power plants and within the energy sector, there are other cases of aging of 
large concrete structures that will benefit from faster, yet reliable NDE technologies.   
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