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COMPREHENSIVE APPROACH TO BURIED PIPE EXAMINATIONS 

 

M. W. Kirby, WesDyne International, USA 

 

 

ABSTRACT 

In response to the NEI Directive 09-014, nuclear power plants have implemented an inspection program 

for their buried pipe systems.  In a related activity, nuclear utilities have also formed the Buried Pipe 

Initiative Group (BPIG) to address the myriad of technical issues associated with these inspection 

challenges. 

WesDyne has evaluated the various approaches that are available taking into consideration the 

access (ID, OD, excavation), flaw mechanisms (ID/OD pitting, MIC, cracking, etc.) and also the 

associated cleaning requirements.  Generally, OD inspection methods entail either guided wave 

inspections (with various limitations) or excavation coupled with visual and metrology techniques.  

WesDyne has concentrated on effective ID examination methods. 

Flow charts have been developed to provide a road map for inspection options, taking into account 

failure mechanisms, access, scanning devices, cleaning and NDE technology.  This paper will review the 

various options available and describe the NDE methods that have been selected. 

 

 

INTRODUCTION 

The integrity of buried pipe and underground tanks has emerged as a growing concern in the nuclear 

industry.  Tritium leakage into groundwater has raised the public concern on the issue. 

The Nuclear Energy Institute (NEI) guideline, NEI 09-14 “Guideline for the Management of 

Underground Piping and Tank Integrity,” specifies that inspections must be performed on buried pipe and 

tanks in contact with the soil at nuclear power plants. In addition, the Generic Aging Lessons Learned 

(GALL), Rev 2 includes inspection requirements for plant life extension. Based on the number of 

materials, systems and geometries that are involved in buried pipe applications and storage tanks, a variety 

of inspection techniques could be used. 

The question is what is the optimum technique to use to inspect any given piping system? 

 

 

NDE OPTIONS 

There is no single NDE method that will work for all systems under all conditions.  

As with any NDE application, there are a variety of methods that can be used to perform an 

inspection. Each method has certain advantages and disadvantages; different levels of accuracy and 

resolution. The selection of the optimum method involves evaluating these trade-offs and determining 

which NDE method provides the most applicable solution. 

 

 

NDE METHODS 

The NDE methods that are considered for evaluation are identified below. 

• Zero degree UT 

 Highly accurate wall thickness measurement that requires deployment of transducer to pipe ID or 

OD surface, but requires either excavation or extensive ID cleaning. 

• Lamb Wave UT 

 A spot excitation UT method that inspects the full circumference from the pipe ID employing a 

single line scan.  In this method, the ID cleaning is limited to width of the transducer. 

• Guided Wave UT 

 Utilizes torsional ultrasonic waves from the OD of the pipe to propagate ten’s of feet axially down 

the pipe 
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• Remote Field Eddy Current 

 An electromagnetic method that utilizes separated driver and pickup coils to perform a volumetric 

inspection and does not require direct contact with the metal pipe, thus eliominating most cleaning needs 

• Pulsed Eddy Current 

 An electromagnetic method that applies a voltage to a coil an observes the field as it decays; 

again, direct contact with the metal is not required 

• Magnetic Flux Leakage 

 An electromagnetic method that applies a static magnetic field to the material and monitoring 

changes in the magnetic flux near the surface 

• 3D Visual 

 A laser based system that scans the surface and produces a 3D CAD model output and requires ID 

cleaning 

Each of these methods was evaluated and their capabilities, application requirements, and 

limitations documented.  This information formed the basis for the decision matrix.  

 

 

INDICATION OF INTEREST 

When selecting any NDE inspection method, a primary consideration is its ability to detect the flaw of 

interest.  Thus one must define what size flaws one needs to detect. 

 Since buried pipe systems are typically low pressure systems, the determination of the critical flaw 

size is not based on internal pressure calculations but is based on existing design thickness.  The minimum 

acceptable wall thickness (TMin) is this design thickness value. 

 Code Case N-806 is in preparation to allow for the calculation of Tmin based on soil loading and 

other parameters.  When accepted this will allow an alternative method to determine TMin. 

 However, TMin is not necessarily the minimum size flaw one would which to detect.  This is the 

value at which one must conduct a repair; however, it is desirable to be able to detect a flaw less than this 

to allow for asset management and to plan future inspection intervals. 

 

 

NDE EVALUATION PROCESS 

Having obtained the appropriate information, a decision matrix was developed to allow one to 

systematically identify the optimum NDE method. 

 The questions and selections included the following. 

 Which surface of the pipe is of interest? 

• ID 

• OD 

• Either 

 Which surface will you perform the inspection from? 

• ID 

• OD 

• Either 

 Which failure mechanism is of interest? 

• MIC 

• Pitting 

• Wastage 

• Cracking 

 Are there surface condition issues? 

• Coatings 

• Liners 

• Cleanliness 
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 What is the material? 

 As one progresses through the flowchart the optimum NDE method is identified.  Alternative 

methods can be used but would not produce optimum results. 

 The next step is to consider the details of the piping system and the inspection requirements. 

 The piping system evaluation questions include the following. 

 What is the pipe diameter? 

 What is the nominal wall thickness? 

 What are the access points to the system? 

 What are the details of the pipe geometry? 

• Elbows? 

• Tee’s? 

• Valves? 

• Elevation changes? 

• Diameter changes? 

 The inspection requirements questions include the following. 

 What areas require inspection? 

 How many linear feet must be inspected? 

 What is the indication of interest? 

 Does this indication size change for different portions of the piping system? 

 

 

EXAMPLE 1 

As an example, consider the following case. The pipe material is carbon steel. OD corrosion is the 

concern, and pitting is the failure mechanism of interest.  Figure 1 shows the decision matrix path for this 

condition. 

 

 
Figure 1 Optimum NDE Selection Example 

 

If one performs this inspection from the OD, 0° UT inspection is the optimum NDE method.  If 



 698 

performed from the ID, Lamb Wave UT is the optimum method. 

The piping system evaluation determines that it is a 24” line with good access to the area of interest.  

The pipe ID is relatively clean. 

The inspection requirements are to inspect a significant length of pipe and the indication of interest 

is a 0.25” diameter 20% through wall pit. 

The Lamb Wave technique is a good match for this application. 

The Lamb Wave process uses a large bandwidth transducer to generate multiple modes.  This is 

shown in Figure 2. 

 

 
Figure 2 Lamb Wave Raw Data 

 

A cross correlation filter is applied to isolate the desired frequency.  This is shown in figure 3 

 

 
Figure 3 Cross Correlation Results 

 

Synthetic Aperture Focusing Technique (SAFT) is applied to improve spatial resolution and isolate 

the desired group velocity.  This is shown in Figure 4.  The percentage values are the cross sectional area 

of the sound field.  Indication A is equivalent to a 0.25” diameter 20% through wall defect in this pipe 

sample. 
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Figure 4 SAFT Processed Results 

 

 

EXAMPLE 2 

In an alternate example, assume that all the parameters specified before apply, with one exception.  The 

pipe has a concrete liner. 

 The Lamb Wave technique requires that the transducer be in contact with the pipe surface.  Since 

this is not possible, it cannot be used.  

 The next best alternative is an electromagnetic technique. The electromagnetic techniques are the 

best option when it is not possible to make direct contact with the pipe wall.  There is a reduction in the 

minimum detectable defect as the electromagnetic sensor is removed from the wall, so this lift-off distance 

should be kept as small as practical to maximize the technique sensitivity. 

 

 

CONCLUSION 

By identifying NDE method capabilities, piping system details, it is possible to select an inspection 

process that can provide optimum results. 


