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Business and Activity Section
(a) Generated Commitments
      This project is being performed in partnership with  Applus-RTD and  PG&E.  PG&E are providing $100k towards the project, of which $50k is being utilized by Applus-RTD to support a masters student and $50k is being provided to ISU in the form of matching funds.  In addition Applus – RTD staff are directly engaged as technical consultants to the project, they are providing access to data in a pipe sample properties data base.  These data include micrographs as well as various tabulated strength properties.  

The project is also going to utilize some of a set of CNDE pipe girth weld samples that are between about 9 and 18 inches in diameter and each is between about 2 and 3 feet in length.  The students will, in addition, be using a range of experimental systems and data analysis software, which will be discussed under specific task activities.
(b) Status Update of Past Quarter Activities – 
 Two graduate students have are working on the project: (i) Brady Engle  (PhD student – Engineering Mechanics) and (ii)  Lucinda Smart (MS Student – Mechanical Engineering), who is an Applus – RTD employee.

This project scope is as set out in the proposal and it will be comprised of four tasks:

Task 1:  Select a class of pipeline steels (e.g. carbon steel such as A53 or A106, or alloy steels such as 4130) for the initial proof-of-concept study (this project).

Task 2:  Conduct a literature search for materials data, the state of the art for materials characterization and also any empirical relationships, which can be used to identify the microstructural parameters and alloy elements that are the most important in determining the mechanical properties of the selected class of steels.

Task 3: Select NDE measurement techniques and perform proof-of-concept measurements to evaluate their use to characterize the microstructural and other parameters of interest. 

Task 4:  Evaluate the NDE approach against direct measurements (tensile tests, impact tests) of the mechanical properties.

The draft review of Advanced Nondestructive Characterization of Pipeline Materials: Review of the literature, dated May 2014, (Authors Smart, Engle and Bond (2014)), was submitted. A paper was presented at the Annual Review of Progress in QNDE (Engle, Smart and Bond, 2014) and a paper has been submitted to the proceedings.   In addition Professor Bond and Brady Engle participated in the CAAP Workshop and program review held in Chicago,  August 4-6.

Tasks 1 and 2 were completed and activities have moved to consider additional sample gathering and experimental measurements, with the initial focus being on the use of ultrasonic methods.
Task 1:  Selection of a class (or classes) of pipeline steels for the initial proof-of-concept work.

After observing initial measurements and obtaining more information, it was determined that a larger sample set is necessary, with a more diverse  range for the properties. This is driven by  the potential for variability in the properties from the manufacturing process that may overshadow the differences in the major strength properties. A larger sample size would help determine the relationships with higher confidence. Therefore, pipe from as old as 1930 to new samples are desired due to the differences in manufacturing processes, and hence properties. The seam type of the sample should also be considered as this is an important factor in identifying the potential for threat of failure in the field. For example, low frequency ERW seam welds have a higher likelihood for stress corrosion cracking, and is recommended to be able to be identified as part of the property verification process.

Ongoing discussion are occurring between ISU and Kiefner should provide ISU with the samples necessary for inspection, but may also require assistance from outside sources, such as interested industry companies, or other research facilities.   The provision of an adaquatly diverse sample set, with know characteristics is the most critical current need.
Task 2:  Conduct a literature search.  
Both Ms. Smart and Mr. Engle are working to consolidate their literature reviews into thesis form.  The  literature searching, expanded well beyond that in the proposal, to determine the state of the art for NDE for materials characterization.   
Ms. Smart is in the process of compiling the various properties and measurements modalities into a draft document. Included in this document will be background information on the current material and mechanical properties, current destructive tests performed to determine these properties, in-ditch nondestructive methods used to obtain a set of material property measurements (such as chemical composition, hardness, and grain size), and the possible nondestructive methods that could be used to obtain the remainder of the required measurements to characterize the pipe material. The relationships between the material properties and mechanical properties are vital for this study, and will be presented within this draft document. Sample material data measurements from pipeline provided from Kiefner are being used to observe potential relationships between material and mechanical properties.

Task 3: Selected NDE Measurements.  Given that Mr. Engle has past experience in making backscatter measurements this has been the initial focus for the experimental measurements where were reported at the QNDE meeting and the CAAP workshop, in a poster. 

Methodologies were developed and put into action for the following ultrasonic measurements: velocity, attenuation, and backscattered grain noise. The methodologies were refined over several iterations and raw data was collected for three samples of our initial set, which consisted of eight pipe sections. This data was analyzed with the expectation that the resulting ultrasonic properties would correlate to the microstructural properties of the samples, such as grain size, and/or the following strength properties: yield strength, tensile strength, ductile-to-brittle transition temperature, and toughness.
Correlations were not made because the measurement results showed greater variation within each of the three samples than between the samples. Two factors have been identified that could be contributing to this: the chosen samples are not different enough to result in distinctly varying measurements, and the measurement techniques are not refined enough and have some inherent variability that propagates through to the results. The results up to this point were presented at the Review of Progress in Quantitative Nondestructive Evaluation meeting as well as at the PHMSA R&D meeting. In the next quarter, the sample set issue will be addressed. Relationships with industry partners are currently being explored and utilized to get a more representative sample set. Upon receiving new samples the measurement methodologies will be revisited.

(c) Description of any Problems/Challenges – No specific problems this quarter.
The current challenge is to obtain an adequately diverse and well characterized sample set.   The memo being used to assiste in sample collection is given as Appendix A.
(d) Planned Activities for the Next Quarter 
Ms. Smart plans to complete a draft of her thesis. The major portion of this effort will require analysis of the properties and finalizing the potential relationships between material and mechanical properties, and what is currently available within nondestructive evaluation methods to obtain these measurement modalities. 
The students will continue to work to gather information needed for the literature searching and state-of-art assessments.

The goal for the next quarter is to have gathered a sufficiently diverse sample set and to have started to apply  ultrasonic and electromagnetic measurement methods to them
Conference calls are being held monthly.  .
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 Appendix A.

The ultimate goal of this project is to show that nondestructive techniques can be used to estimate values of yield strength, tensile strength, ductile-to-brittle transition temperature, and toughness for a pipe sample with unknown properties. To accomplish this goal, methodologies must be developed to show and understand the relationships between nondestructively measured quantities and the strength properties of interest. This process will require a well-curated sample set on which measurements can be performed.
 
The ideal sample set would contain samples that are well-characterized in terms of their grain size (such as ASTM grain size number), microstructure, and composition, and are representative of the full range of materials found in the field. Samples should have measured values of yield strength, tensile strength, transition temperature, and toughness, with the expectation that because these samples cover the full range of grain size, microstructure, and composition, these strength properties should themselves be varying over the full range expected to be found in the field. Samples should be free of paint and coatings, or the paint and coatings should be removable. Samples should be from straight pipe and not bends to facilitate the ISU work.
 
Samples should have the following to be useful for this project:
1.) Measured yield strength
2.) Measured tensile strength
3.) Measured transition temperature
4.) Measured toughness
5a.) Measured grain size, such as ASTM number
5b.) If no grain size is known, we will need permission to cut/polish to perform grain size measurements
6.) No paint/coatings or the paint/coatings must be removable
7.) No samples from curved sections of pipe
 
If you have pipe that meets 6 and 7, but without measured properties, we are still interested as we do have some capability to destructively measure the properties we need. 
 
Any additional information regarding the microstructure is helpful, such as measured values of percent ferrite or micrographs. In general, we think newer pipe should have smaller grains (larger ASTM number), while older lap welded or seamless pipe should have larger grains (smaller ASTM number). 
 
Regarding sample size, we are flexible on the length and diameter, though the weight should preferably be less than 50 pounds.
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