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Objective and Public Abstract 
The proposed work is to develop a phase sensitive technology that could detect coating disbondment on steel pipe from above ground, thus locating potential corrosion failure points. The system would consist of two components, a stationary signal generator that is attached to a test point and a detector that is carried along the pipeline. Sinusoidal or pulse excitation signals may be used. A wireless link between the generator and the detector provides accurate synchronization. An abrupt change of signal phase is expected at the disbondment. 

There is no exterior method that can reliably detect disbonded coating at this time.  Existing pipeline potential gradient surveys, both DC and AC, make use of only amplitude data. While amplitude methods can detect a break (holiday) in the coating, a disbonded coating can shield active corrosion from both detection and cathodic protection; the space between a disbonded coating and the pipe can house an active corrosion cell. Until there is an actual holiday in the coating, the corrosion cell cannot now be detected. A holiday will allow increased cathodic protection current to flow to the pipe in the immediate vicinity of the holiday, but may not reach the extremities of a large disbondment. 

A disbonded coating can “shield” active corrosion that is undetectable until serious damage has occurred to the pipe wall. The coating also shields the disbondment from detection by DC or AC voltage gradient surveys. Internal methods, such as magnetic flux leakage (MFL) pigging may detect wall thinning but will not differentiate causes. MFL pigging is expensive and may not be possible on lines with bends or diameter changes. The proposed work is to provide a completely new method for surveying pipelines. 

The object of the proposed work is to develop a technology that could detect coating disbondment on steel pipe from above ground, thus identifying potential corrosion locations before the pipeline fails. The deliverable would be prototypes of two components, a stationary signal generator and a hand carried detector. The signal generator would be attached to the pipeline at a test station. The hand-held device would be carried along the pipeline to acquire signal phase and amplitude measurements from the pipeline.  A wireless link would synchronize the two devices.

Progress to Date 
In Quarter 1, an advisory group was formed from members of GTI’s Sustaining Membership Program (SMP) Technical Guidance Committee (TGC.)  The group was sent a survey form to determine which members were interested in participating and what types of pipes and coatings they have in place.

A state of art assessment document was drafted and circulated to the advisory group. GTI determined there is presently no method to detect or locate a disbonded coating from above ground. As part of the assessment, a patent research was performed, and no technologies relating to Phase Sensitive Methods to Detect Cathodic Disbondment were found.  There are, however, other technologies that detect cathodic disbondment by other means.  The assessment is available on the PHMSA website.

In Quarter 2, GTI received four survey responses from SMP TGC members in different parts of the country.  Two of these companies expressed interest in hosting a prototype demonstration.  A draft test plan was created based on the survey results and sent to the advisors for review.  The purpose of the test plan is to define a reasonable subset of coated steel pipe types that can be used to verify the operation of a prototype cathodic disbondment detector.  Once approved, GTI will fabricate a representative set of test samples and conditions.   

In Quarter 3 several different technologies were examined to provide signal magnitude and phase measurements of sufficient accuracy.  Advances in single-chip Discrete Fourier Transform (DFT) analyzers were reviewed.  The DFT method may be used for the final version of the instrument.  Standard lock-in amplifiers methods were selected for the initial calibration tests.

In Quarter 4 GTI identified pipe facilities already in place that could be used for experiments.  This consists of a 4” diameter line with FBE coating.  GTI has also identified a local operator that has disbondment on pipes with coal tar enamel coatings.  This operator is also amenable to making a test site available.  A Signal Recovery 7265 Lock in amplifier was also found to be available for these experiments.  This will provide both a signal source and a sensitive phase detector.

In Quarter 5 the pipe facilities at GTI were cleaned, pigged, and pressurized with air.  This process removed water that had accumulated within the pipe while it was idle.  The air pressure will prevent further water infiltration going forward.  Measurements were taken along this pipe using a commercial, magnitude-only instrument to establish baseline data.  LabVIEW programs were written to facilitate data collection with the instrumentation in hand.  A local utility that has agreed to host a test of the instrument identified coal tar enamel coating as their most problematic.

The Quarter 6 activities are summarized below.

Task 1 (Parametric Studies)

GTI has clearly identified a local operator that is willing to host tests of the breadboard instrument.  Their primary coating type is coal tar enamel (CTE).  This operator visited the GTI laboratories in late December and reviewed that state of the project at that time.  Measurements of the impedance of the GTI test pipe with respect to the soil were taken.  This measurement was taken when the soil was water-saturated and will be repeated under drier conditions.

Task 2 (Prepare Representative Disbondment Samples)

Task 2 was initiated during this quarter.  The GTI corrosion lab will assist with the preparation of test disbondments.  A land area was identified where 60’ sample sections can be buried.  We will procure several 20’ sticks of 4” diameter steel with FBE coating.  Three sticks will be welded with the fabricated disbondment located in the middle section.  At least one 60’ test section will be prepared and buried.

Task 3 (Construct a Breadboard Instrument)

A pick up coil and preamplifier were constructed during the last quarter.  This has been used in conjunction with the SR7265 Lock In amplifier to gather magnitude and phase data from the pipe at several frequencies.  The data collected will be discussed in the body of the report.  A Hewlett Packard 9194A Impedance Analyzer was used to measure the pipe to soil impedance.  The Dynatel 2250M Pipe and Cable Locator was used to repeat some of the magnitude-only runs from the previous quarter.

Task 4 (Test the Breadboard Instrument)

Measurements were taken on the 4-inch test line on the GTI property.  Because of weather conditions, a great deal of data was taken during the last week of the reporting period.  This data is detailed in the Quarter 6 Technical Report.  The week prior to the data collection, the area was finally clear of snow and standing water.  The manholes were opened, inspected, and one of them pumped clear.  The pipe itself has been continuously pressurized, and so is clear of water.   The East manhole is used for injecting the signal onto the pipe and now has an active sump pump in place.

Task 5 (Project Management and Reporting)

The monthly updates and quarterly reports are on track.  GTI has maintained regular contact with those operating companies that are providing advisory input.
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