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As many of you know, Battelle is a technology company.  Over the years, we’ve been involved in many aspects of technology that enhances pipeline safety:

· Line pipe materials,

· Corrosion control,

· Inspection and monitoring, and

· Fracture control, to name a few.

Through these experiences we have come to learn a great deal about the special role of technology in enhancing pipeline safety.  One of the things we have learned is that not all problems are alike.  The best solution for one problem is not necessarily the best solution for all problems.  And, frequently you get the best results by using multiple technologies in an optimum combination – with that optimum being specific to one particular issue, or a family of issues.  This is something you should keep in mind in developing any new rulemakings.


Let me give you a simple example.  Operators of natural gas pipelines have made extensive use of hydrostatic testing as one tool for maintaining the integrity of their systems.  By filling a portion of the line with water, and pressurizing the water above the operating pressure of the line, they are able to ensure that any cracks or crack-like defects that are large enough to fail during normal operation are found during the test and repaired.  This is a relatively mature technology and, while it has its limitations, it is still widely used.  Operators of hazardous liquid pipelines, in contrast, depend more on internal inspection tools more commonly known as smart pigs.  Why is this?  For one thing, following a hydrotest in a hazardous liquid pipeline, you have a significant environmental challenge with disposal of the water, which is now contaminated with crude oil or a refined petroleum product.  Fortunately, the hazardous liquid also makes for excellent coupling of acoustic inspection tools, making it possible to use well-established ultrasonic testing devices in smart pigs.  Natural gas provides very little coupling, so further development is needed to make their widespread use possible.


This may sound like a “Catch-22” situation, where you get caught in an endless no-win situation.  That’s really not the case.  The correct “take-away” message is that you need to be very clear on what you are trying to accomplish and what the barriers to reaching that goal may be.  Then you need to select the right set of technologies for the job.  And, in parallel, you need to develop new technologies that will allow you to do a better job of managing integrity in the future.


Let’s take a look at the major integrity management issues: corrosion, stress-corrosion cracking, and third-party damage.  First and foremost is third party damage.  It’s the number one pipeline integrity challenge by any measure.  The best way to manage a problem is to avoid it entirely, and there are several options available to you in this case:

· One-call,

· Patrolling, and

· Monitoring.

Now, one-call is a pretty non-technical concept, but new information technologies could enhance its implementation.  For example, if land-use officials could electronically access the locations of pipelines relative to new projects, they could do a better job of reducing exposure.  This is the objective of the National Pipeline Mapping initiative launched by OPS.  You could take this a step further and embed a communication link that alerts the pipeline operator via the Internet when a land-office inquiry is made in the vicinity of their line.  

Similarly, patrolling, which is now done on foot, by car, or by air, is widely practiced, usually in excess of the regulatory requirement in areas of high activity.  Nevertheless, these techniques could be enhanced with new sensors mounted on the aircraft and vehicles, and augmented by cameras mounted on the right of way and by tapping into satellite technology.  Monitoring developments to detect dig-ins were reported recently at the INGAA Foundation Pipeline Safety Summit.  One system is currently entering its final phases of development.   Developing a new system to monitor the right of way for encroachment would provide an early warning alternative. 

But, let’s say these current and future methods are used and you experience mechanical damage on your pipeline anyway.  Now, you are worried that this damage could lead to a failure.  And, let’s suppose that you know it has happened, but are not sure where.  In this instance, there are other tools available:

· Hydrotesting (to find damage sites that are close to failing),

· Pigging (probably a caliper pig to detect a significant dent that could contain a gouge), 

· Close-interval surveys (to detect a significant break in the coating), and

· Pigging (an advanced smart pig to detect the worked metal in a very mild gouge or scratch).

What tool you choose to find the damage will depend on a number of factors, including the type of coating on the pipe, the properties of the pipe steel, the soil chemistry, and the type of device that caused the damage in the first place.  


I’ve already told you a little about hydrotesting, and some of the considerations in its use.  Caliper pigs and close-interval surveys are both well developed and commercially available, although advances in sensors and computer power continue to provide improvements over time.  So let me focus now on the smart pig, which I know is of great interest to this audience.


There are two main sensor technologies upon which smart pigs are based – magnetic flux leakage, or MFL, and ultrasonic technology, or UT.  Within each of those technologies, there are a range of options available today, and many more coming along.  

For example, MFL pigs have been around for a long time and have received pretty wide usage for finding corrosion damage.  They operate on the theory that as a pipe wall gets thinner due to corrosion, its ability to hold a magnetic field is decreased, hence you detect a leakage of flux through the defect region.  Older MFL pigs can find corrosion defects and sort them by size groups, but it’s difficult to get a reliable measurement of a single defect or anomaly.  Newer pigs with higher resolution can do a good job of detecting defects and an adequate job of sizing them, to within around 10 % of the wall thickness.  Even so, they still suffer their share of false calls and misses, either because of inherent limitations in the tools themselves or because of external factors like mill scale, weld intrusions, or other real-world variations that one finds in an operating pipeline, so improvements continue to be pursued.  For example, corrosion defects that are aligned along the pipe axis are a real challenge, so a new development called transverse or circumferential MFL is being pursued.  


It turns out that the ability of steel to hold magnetic flux also changes when the steel is cold worked.  One of the characteristics of a third-party-damage defect is the development of a thin layer of cold-worked steel at the point of damage.  So, MFL technology to detect and evaluate third party damage is being developed under OPS funding.  The challenges here are to accurately, reliably, and rapidly detect and characterize the damage, and then interpret what this may mean with respect to remaining life of that defect.  


UT pigs are good at detecting cracks and tight, crack-like defects like grooving corrosion.  In a different configuration, they can be effective with corrosion defects.  Used in yet a third configuration, they can detect disbonded coatings.  As I mentioned earlier, UT pigs tend to be used more widely in hazardous liquid pipelines than in gas pipelines.  One of the main challenges is coupling the acoustic wave into and out of the pipe wall, so you can get a useful signal.  There have been many developments targeted on making UT pigs work in gas pipelines, including electromagnetic coupling and embedding the UT sensors in gel-filled wheels.  More work is needed here to make UT pigs more broadly viable for gas lines.

As you can see, different types of pigs handle different types of situations.  And, for any given type of pig, there are many configurations or embodiments, with various levels of development from commercially available and mature, to commercially available and new, to developmental, to emerging concept.  Further, there are many other integrity management technologies that complement pigging in its various forms.  


So, if you’re going to develop a pigging rule to promote integrity management, you need to ask a lot of questions, such as:

· “WHAT kind of pig?” ….. and is it a hog or a piglet (that is, is it mature or new and unproven technology)?
· Which defects are of greatest concern for this pipe, in this condition, at this location, with this surrounding activity, etc., etc.?
· What else are you doing to manage integrity?
· Is a pig really the right tool?  Is THIS pig really the right pig?
It seems to me that a pigging rule that addresses all of these issues in a prescribed manner would be hopelessly complex, and would end up tying both the operator and the regulator up in knots.  You need to find a way to address this need in a flexible manner that achieves multiple objectives:

· To both require and allow the best technology to be used for the circumstance at hand, 

· To allow for rapid incorporation of new technologies as they are proven to be beneficial, and 

· To encourage further innovation that enhances safety.  

These objectives carry with them additional requirements, like a framework for demonstrating that technology “A” is more appropriate than technology “B” for a given situation, without getting bogged down in trying to prescribe in advance what “A”, “B”, and the rest of the alphabet soup need to be.  This won’t be easy and it won’t be quick, but if you don’t address these issues I’m sure you will be disappointed with the results over the long haul.  I believe an Industry-Standard development process would help here, where industry and government work toward a consensus that ensures the economic viability of pipeline transportation and addresses integrity and safety.    


In closing, I’d like to encourage you to maintain a flexible approach that uses the right technologies for each integrity management issue, keeping in mind that what’s right in one place may not be right in another.  And, you need to promote continuous improvement through technological innovation by not overly prescribing the solutions based solely on what is possible today.   Thank you.

