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Report Narrative:
The objective of this six month Phase I effort is to establish the technical and economic feasibility of the nanotechnology-based repair concept to the specific application area of in-field gas pipeline repair.  Preliminary sleeving experiments have shown that the high strength nanocrystalline metal can successfully “fill” cracks in pipeline steel.  In addition, high bond strength values between the nanocrystalline metal and the underlying steel substrate can be achieved.  However, very few proof-of-concept repair patches have been applied to actual degraded pipeline steel sections and the presumed structural reinforcement effect imparted by these high strength nanometal layers has not been yet verified or quantified experimentally.  Furthermore, information on how much the in-field pipeline repair process will cost has yet to be determined.   
The original Phase I proposal was therefore comprised of the following three (3) main tasks:

Task 1 – Proof-of-Concept Demonstration of the Repair Technique: gather degraded pipe from industry contacts, apply nanometal repair sleeves, characterize the crack filling/bridging effect via metallography, and verify that the nanometal repair patch adhesion to the steel substrate is excellent
Task 2 – Laboratory Scale Burst Testing – demonstrate that the nanometal repair patch affords a considerable increase in the strength of the degraded pipeline steel samples 

Task 3 – Preliminary Cost Modeling 
1.1. Task 1 – Proof-of-Concept Demonstration of the Repair Technique
The first activity is to procure degraded pipeline steel from members of the oil & gas pipeline industry.  To this end, dialogue has been initiated between Dr. Fraser King (supporting scientist to Integran USA) and various pipeline operators.  Dr. King has facilitated the procurement of a single section of 36” OD pipe taken from an actual in-field rupture and photographs of this pipe section are shown in Figure 1 below.  This sample was graciously provided by TransCanada PipeLines.   
Integran USA would also be open to receiving degraded pipe section from the DoT should it see fit to provide them to Integran Technologies USA, Inc. for this effort.
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	Figure 1 – cracked pipeline section to be used for the Phase I project.  For scale, the ruler seen in the photograph is of 6” length.  


Samples that include crack colonies will now be cut from these pipe sections and repaired with nanocrystalline metal sleeves.  These sleeved samples will be characterized by metallographic analysis in order to verify that the cracks were successfully filled and/or bridged and that the adhesion of the sleeve to the substrate pipeline steel is good.  

1.2. Task 2 – Laboratory Scale Burst Testing
The original Phase I Workplan called for burst testing of the repaired pipe samples produced in Task 1.  Through dialogue with Dr. Fraser King and members of the pipeline industry from whom we have been attempting to procure degraded pipe sections, the view has been expressed that burst testing is perhaps unsuitable as a Phase I test and might make more sense as a Phase II analysis tool.  In other words, a proper proof-of-concept assessment of the repair patch integrity and strength enhancement should begin with simple quasi-static testing techniques such as tensile and/or 3-point bend and then graduate to burst testing later in the design cycle.  In addition, it is likely the case that early stage burst testing would require smaller diameter steel pipe as opposed to full–scale gas pipe since full-scale burst testing is far beyond the scope of this Phase I effort.  Preliminary conversations with members of the pipeline community indicate that while full-scale degraded pipe can be made available for this program, small diameter degraded pipe will be harder to find.  It is therefore proposed that the technical scope of Task be modified as follows:

1. Burst testing as originally proposed to be deferred until Phase II and replaced with:
1. Tensile testing of nanometal-coated cracked pipeline steel coupons; and/or

2. 3-point bend testing of nanometal-coated cracked pipeline steel coupons  
A deeper discussion of the proposed tests to demonstrate the mechanical integrity restoration effect of the nanometal-based repair sleeve will be described and discussed at the DoT-ITUSA meeting to take place in Pittsburgh on December 11th, 2008.  
1.3.    Task 3 – Preliminary Cost Modeling
No activity so far.
1.4. Next Steps
The following are our plans for the next two months of this 6 month SBIR Phase I project:

1. Locate crack colonies in the cracked pipe section using Magnetic Particle Inspection (MPI) and cut sub-samples for nanometal plating

2. Demonstrate nanometal electrodeposition onto degraded pipe sub-samples

3. Characterize degree of crack filling / bridging via standard metallographic techniques

4. Confirm excellent sleeve adhesion to substrate via bending / peeling testing
5. From the nanometal-coated samples, machine samples for tensile and/or 3-point bend testing  





















