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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. 

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.

In Quarter 6 a breadboard instrument was set up using the SR7265 and a pick up coil with a battery powered preamp.  LabVIEW software was used capture and store the SR7265 data to a laptop.  This breadboard was used to acquire phase and magnitude data along the GTI test pipe.  This test was performed at several frequencies to compare with the baseline magnitude-only data acquired during the previous quarter.  The magnitudes agreed very well between the breadboard and the commercial pipe tracing instrument.
In Quarter 7 the materials to fabricate known disbondments on 60’ test pipe sections were purchased and small scale test disbondments were initiated.  A second, battery-powered breadboard instrument was fabricated.  Some testing of this second breadboard alongside the one based on a commercial Lock-In Amplifier was performed, with favorable results.  The annual peer review for the project was performed.  A progress report was also given to the Sustaining Membership Program, the utility group which is co funding this effort.
The 8th quarter activities are listed below.

Task 1 (Parametric Studies)

A variety of impedance measurements were carried out on the test pipe currently in the ground at GTI.  The goal was to quantify the characteristic impedance of the pipe.  The theory of electrical transmission lines predicts the propagation of currents and voltages on coaxial structures.  These methods predict the range and sensitivity that may be achieved with the disbondment detector.  The experimental tasks seek to verify these predictions.

Task 2 (Prepare Representative Disbondment Samples)

Several disbondments were constructed since the last report was filed.  These were constructed by a reverse cathodic protection method.  The pipe coating was intentionally punctured and the area placed under reversed cathodic protection in a salt bath.  After roughly 48 hours of this treatment, the coating was significantly undermined.  The sections prepared will be welded into a longer length of pipe that will be buried in the near future.  

Task 3 (Construct a Breadboard Instrument)

The proposed system has a stationary signal generator and a hand-held detector that is moved along the pipe.  These efforts facilitate this approach and are covered in more detail in the body of the report. There are two versions of the breadboard currently functional.

The SR7265 Lock-In amplifier is the central element in the first breadboard.  This device can both generate the excitation signal and measure amplitudes and phases with a very high precision.  The signal is applied to the pipe through an audio power amplifier.  A laptop connected to the SR7265 is used to log and display the data.  A pick up coil, connected to the apparatus with a coaxial cable, is carried along the pipe under test to collect data.  This apparatus has been run from a battery powered invertor, and so can be taken to the field if required. 

The second system is smaller and battery-powered.  A Cirrus Logic CS4270 CODEC and a Microchip dsPIC30F4013 microcontroller are the foundation for this system.  This system replicates the functionality of the SR7265 and can log data for later analysis.  An automotive audio amplifier that can be run from 12 volts has been tested in conjunction with the system for a completely battery operated system.
A number of wireless links have been tested to eliminate the coaxial cable between the pickup coil and the power amplifier.  None of these have been entirely satisfactory.  The requirement is that the link provides a consistent phase shift that can be accounted for when analyzing the data.  Coaxial cable fulfill this requirement and will likely be used for field testing.

Task 4 (Test the Breadboard Instrument)

Side by side comparisons have been run on the SR7265 and the dsPIC based systems.  These were performed on the pipe already in place at GTI.  The two systems provide nearly identical results.  The SR7265 is considered the reference standard instrument for these experiments.  It is very encouraging that the relatively low-cost, portable system can maintain the same level of accuracy.  

The testing will be extended in the near future.  A set of intentionally fabricated flaws will be buried to provide a calibration of the instrument.  Testing on live utility mains is currently in the planning stage.

Task 5 (Project Management and Reporting)

The monthly updates and quarterly reports are on track.  This report is the 8th Quarterly Technical Report covering the period from June 15 through September 14, 2008.

GTI has proposed that the project schedule be extended by three months with a new completion date of December 14, 2008.  This extension has been approved by PHMSA and the documents for the extension are being prepared.

The schedule extension will allow one or more field tests with a local gas distribution company.  The company has a scheduled pipeline inspection this fall.  GTI will be allowed to run the disbondment detector on the right of way after the inspections and be provided with the utility survey data for correlation.
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