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Competitive Academic Agreement 
Program (CAAP) Objectives 

1. Spur innovation for pipeline safety 
a) Focus on high risk and high reward 

solutions  

b) Deliver solutions for possible 

 core RD&D investigations  

2. Students involvement 
a) Demonstrate pipeline safety challenges  

b) Illustrating need for engineering solutions 
to pipeline issues 
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CAAP Performance 
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*           *           *          *          *        

* Student info was not available yet  



University  Award  Project Title  Main Objective  
Iowa State University  $299,996  Fundamental Mechanochemistry-

based Detection of Early Stage 
Corrosion Degradation of Pipeline 
Steels  

To develop advanced 
detection methods to 
calculate the physical and 
mechanical changes 
associated with early stage 
stress corrosion cracking in 
high strength pipeline steel.  
 

West Virginia 
University  

$299,999  Glass-Polymer Composite High 
Pressure Pipes and Joints  

To design manufacturing 
and component-system glass 
fiber reinforced polymer 
composite pipes and joints.  
 

North Dakota State 
University  

$300,000  Development of New Multifunctional 
Composite Coatings for Preventing 
and Mitigating Internal Pipeline 
Corrosion  

To develop and implement 
new high-performance 
multifunctional composite 
coatings to seek lifetime 
prevention or mitigation of 
internal pipeline  

CAAP FY 2016 Awards 
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2014 R&D Forum: CAAP Poster Session 
8 Poster Papers presented 
to Pipeline Industry & 
Industry Researchers by: 
Texas A&M, U. Tulsa, U. 
Buffalo, U. Colorado 
Denver/Arizona State,     ND 
State, Columbia U.,  Iowa 
State, Ohio U. 



Participating CAAP Student 
Posters 
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Understanding and Mitigating the 
Threat of AC Induced Corrosion on 

Buried Pipelines  
#DTPH5615HCAP02 

Profs. Scott Lillard & Hongbo Cong 
University of Akron 

 

Kevin Garrity 
Mears Group, Inc. 

 

Stephen Ernst 
Marathon Pipe Line, LLC. 

 
 



Overview 
• The goal of this research is to develop new methods for 

assessing the threat of AC corrosion on buried pipelines.  The 
project has four main tasks:  
1. Laboratory Studies of AC Corrosion: Interfacial Capacitance 

(effect of deposits and soil properties). 
2. Studies of SCC and Hydrogen Embrittlement. 
3. Benchmarking of Critical Parameters at CP Test Facilities.    
4. Model development and Validation on In-service Pipelines.   

• The results will impact indirect inspection methods for 
assessing the impact of induced AC currents on pipeline 
corrosion rates and could be used for national and 
international standards such as part of the NACE External 
Corrosion Direct Assessment (ECDA).  



Accomplishments 
• Completed laboratory study on the effects of deposits and 

soil properties on interfacial capcacitance. 
– NACE Corrosion17 paper: “The Influence of Scale Formation 

on the AC Corrosion of API Grade X65 Pipeline Steel 
Under Cathodic Protection,” E. Ghanbari, R.S. Lillard. 

– PhD Disertation, E. Ghanbari: “Corrosion behavior of 
buried pipeline in presence of AC stray current in controlled 
environment,”  Sept. 2016  

• Plan-of-Work for experiments on CP test facilities at 
Marathon and Mears (La Grange TX facility). 

• Two new students hired during summer of 2016: 
– Andrew Moran: Benchmarking of Critical Model Parameters at 

CP Test Facilities and In-service Pipelines 
– Lizeth Sanchez: Stress Corrosion Cracking 

 







 



 



Application of Amorphous 
Metals for Plastic Pipeline 

Detection 
Contract: DTPH56-15-H-CAP05 

Daniel Sprengelmeyer 
Christopher Martin 

David Dunham 
University of North Dakota 

Energy & Environmental Research Center 
Grand Forks, ND 
www.undeerc.org 

Eric Theisen 
Metglas Inc. 
Conway, SC 

www.metglas.com 

http://www.undeerc.org/
http://www.metglas.com/


Application of Amorphous Metals for 
Plastic Pipeline Detection 

Crystalline 

Amorphous 

Material Magnetic Field Relative 
Permeability 

Vacuum 1 

Air ≈ 1 

Water ≈ 1 

Concrete ≈ 1 

Copper ≈ 1 

Carbon Steel 100 

Iron 5000 

Amorphous Metals 50,000-1,000,000 

Objective: 
Investigate using the unique magnetic properties of amorphous 
metals for cost effective locating of plastic pipelines. 



 



 



Mitigating Pipeline Corrosion Using A Smart 
Thermal Spraying Coating System 

Co-PI: Ying Huang 

Assistant Professor 
Civil and Environmental Engineering Dept. 

North Dakota State University 

PI: Fardad Azarmi 

Assistant Professor 
Mechanical Engineering Dept. 
North Dakota State University 

Graduate Students: Fodan Deng, Ph. D. 
Mu'ath Al-Tarawneh, Ph. D. 
Civil and Environmental Engineering Dept. 
Sahar Abuali Galedari, Ph. D. 
Babak Jahani, Master student 
Mechanical Engineering Dept. 

 
 

Funded by U.S. DOT Pipeline and Hazardous 
Materials Safety Administration 

Program Manager: Harold Winnie 



  Project Planning 
  

Achieve an ultimate and affordable corrosion mitigation solution for onshore 
pipelines through the advances of smart thermally sprayed coatings. Thus, 
systematical study will be performed on various thermally sprayed coatings 
to obtain the coating with the best performance which is high corrosion 
resistivity at low cost. 



  Project Planning 
  

Task 2: Deposition of the Optimum 
HVOF Deposited Coatings for 

Corrosion Mitigation (01/16/2016 to 
03/15/2018) Task 3: Pipeline Corrosion 

Risk Management Using An 
In-line Assessment System 
(01/16/2016 to 06/15/2018) 

Mitigating Pipeline Corrosion Using A Smart Thermal Spraying Coating System 

Task 4: Experimental 
Validation for the Smart 

Thermal Spraying Coating 
System (01/16/2018 to 

09/15/2018) 

Task 1: Literature review 
& kick-off meeting 

(09/15/2015 to 01/15/2016) 

Task 5: Guideline Development, Reports and Presentations (09/15/2015 to 09/15/2018) 



University of Nebraska-Lincoln 
Department of Electrical and Computer Engineering 

Laser-Assisted Nano-Engineering Lab 

Web: http://lane.unl.edu  Email: ylu2@unl.edu 

http://lane.unl.edu/
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Chemically Bonded, Porcelain Enamel Coated Pipe for Corrosion Protection and Flow Efficiency 

Genda CHEN, Ph.D., P.E., F.ASCE, F.SEI (PI of the Project) 
Professor and Robert W. Abbett Distinguished Chair in Civil Engineering 
Director of System and Process Assessment Research Laboratory 
 
Dr. Chen received his Ph.D. degree from State University of New York at Buffalo in 1992 
and joined Missouri S&T in 1996 after over three years of bridge design, inspection, and 
construction practices with Steinman Consulting Engineers (later merged to Parsons 
Transportation Group) in New York City. He was granted two patents and authored 
over 350 publications in structural health monitoring, structural control, interface 
mechanics and deterioration, bridge engineering, and multi-hazard effects. He received 
the 1998 National Science Foundation CAREER Award, the 2004 Academy of Civil 
Engineers Faculty Achievement Award, and the 2009, 2011, and 2013 Missouri S&T 
Faculty Research Awards. He is Chair of the 9th International Conference on Structural 
Health Monitoring of Intelligent Infrastructure in 2019, Associate Editor of the Journal 
of Civil Structural Health Monitoring, Editorial Member of Advances in Structural 
Engineering, a council member of the International Society for Structural Health 
Monitoring of Intelligent Infrastructure, and an executive member of the U.S. Panel on 
Structural Control and Monitoring. He was a member of post-disaster reconnaissance 
teams after the 2005 Category III Atlantic Hurricane, the 2008 M7.9 China Earthquake, 
the 2010 M8.8 Chile Earthquake, and the 2011 M9.0 Great East Japan Earthquake. He 
was elected to ASCE Fellow in 2007 and Structural Engineering Institute (SEI) Fellow in 
2013. In 2016, he was nominated and inducted into the Academy of Civil Engineers at 
Missouri S&T. 

Liang FAN (Ph.D. Student on the Project) 
Mr. Fan received his M.S. degree from Southwest Jiaotong University, China, in 2014. He 
then joined Missouri University of Science and Technology as a Ph.D. student. His research 
interest includes steel pipeline corrosion, organic/inorganic protective coatings, cathodic 
protection, corrosion-induced failure analysis, and finite element analysis of pipelines.  To 
date, he has published two conference papers and submitted one journal article for 
review. 



Chemically Bonded, Porcelain Enamel Coated Pipe for Corrosion Protection and Flow Efficiency 

Main Objectives of Research 
The overarching goal of this study is to improve the corrosion protection and safety, 
and reduce the pressure loss and operation cost of hazardous liquid and natural gas 
pipelines. To achieve the goal, this study aims to 1) explore and develop chemically-
bonded enamel powder coating (100~150 μm) for bond strength and corrosion 
resistance, and 2) develop and demonstrate a rapid field-applicable coating process for 
coating uniformity and flow efficiency. The performance objectives will be established 
and evaluated both experimentally and numerically in the following four research 
tasks: 
1. Optimization of enamel materials for durability, particle distribution, and thermal 

compatibility with steel 
2. Enameling process for coating uniformity, surface roughness, and efficiency without 

adverse effect on steel properties 
3. Characterization of enamel-coated pipes for microstructure/porosity, chemical 

adhesion, and corrosion resistance 
4. System performance of in-situ enamel-coated pipelines - stress distribution under 

thermal, external and internal pressure, and stress corrosion cracking 

Intended Results/Outcomes of Research from Each Task 
1. Particle degradation curves of enamel powders between mesh 80 and mesh 150, 

coefficient of thermal expansion and melting temperatures, and their sensitivities to 
the mix design. 

2. The documentation of advantages and disadvantages of the enamel slurry (wet) and 
enamel powder (dry) applications; the coating uniformity and surface roughness as a 
function of the moving speed of spraying gun and heating coils, respectively; and the 
coating uniformity and surface roughness as a function of the moving speed of a 
spraying and heating system.  

3. The summary microstructure and porosity of the optimized enamel coating, enamel-
steel adhesion or enamel cohesion as a function of enamel mix, and corrosion 
mechanism and evolution of enamel-coated steel with or without damage to the 
optimized enamel coating.  

4. The distribution and level of residual thermal stress at enamel-steel interface, the effect 
of coating thickness on the residual stress, and the overall stress distribution of the 
underground pipeline under combined thermal effect, internal pressure, and external 
pressure. 



Thank You!/Program Contacts 

Jim Merritt 
Department of Transportation 
Pipeline & Hazardous Materials Safety Administration  
Office of Pipeline Safety 
P(303) 638-4758 
Email james.merritt@dot.gov 
Robert Smith 
Department of Transportation 
Pipeline & Hazardous Materials Safety Administration 
Office of Pipeline Safety 
P(919) 238-4759 
Email robert.w.smith@dot.gov 

Kenneth Lee  
Director – Engineering & Research 
Department of Transportation 
Pipeline & Hazardous Materials Safety Administration 
Office of Pipeline Safety 
P(202) 366-2694 
Email kenneth.lee@dot.gov 

PHMSA RD&T  
Providing/Supporting: 
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Joshua Arnold 
Department of Transportation 
Pipeline & Hazardous Materials Safety Administration 
Office of Pipeline Safety 
P(202) 366-6085 
Email joshua.arnold@dot.gov 
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