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Overview

My research interests concern the technical and financial optimization of various civil infrastructure systems with my primary research focus being the optimization of drinking water treatment and delivery networks. I am particularly interested in the financial analysis and technological implementation of distributed water treatment technologies used to address network derived water-quality degradation. As a faculty member I expect to continue my primary research agenda in water treatment and delivery since there are many important issues to pursue. However, I plan to broaden my research focus to the general field of civil infrastructure technology selection, optimization, and implementation. I am interested in developing technology “cost points” as targets for planning and decision making to guide infrastructure investment and rehabilitation as well as research and development.
Student Development and Work Plan

I see significant opportunities for graduate student development via collaborative learning in pursuit of these research interests. In particular, since many of my research interests are systems-based analyses instead of focused research investigations, I plan on emphasizing clear assumptions and mathematical modeling approaches in my students’ efforts to develop testable research hypotheses. I will involve my students and research associates in the entire research process – including the quest for funding – in a collaborative, open workspace environment. A comprehensive description of my optimal research workspace design is provided by Finholt and Olson in their paper on scientific collaboratories (1997).
Potential Funding Sources and Collaborations 

I am co-PI on a two-year, $91,000 research effort funded by the National Water Research Institute to investigate distributed technologies. Although this is an extremely competitive funding source, I expect to successfully complete this project and to pursue future funding opportunities from this agency. I intend to pursue funding from traditional sources such as the EPA and NSF since they provide opportunity to leverage other funding sources. Finally, I would like to develop municipally-funded research collaborations such as Drexel’s Geosynthetic Research Institute or the Materials Research Institute at Penn State. These research alliances  are vital to maintain a constructive and relevant research agenda. I am strongly interested in working in a research and academic environment that fosters and rewards collaborative, interdisciplinary research efforts.
Short-Term Research Goals

Water age model- I have developed a mathematical model to characterize the variation in water age within a geometrically simple network. An important extension of this work will be to determine the variation in water age at any particular point. In addition, I am working on a water age model for the general case of water age distribution across a non-circular, convex distribution network with arbitrary water treatment plant location. A fundamental tenet of my existing work is the presupposition of a correlation between water quality degradation and water age. However, despite clear evidence for this assumption within the water literature, an original paper clearly addressing this phenomenon does not exist. I plan on addressing this deficiency with a significant review paper as soon as feasibly possible.

Long-Term Research Goals

Current versus future optimal technology selection- The financial attractiveness of distributed treatment units will be controlled by the technology costs of a few components, most likely those associated with the electronic aspects of remote monitoring and control. Further, the cost of the various components and treatment technologies will vary over time. I plan to identify optimal technology selection methods under scenarios of variable capabilities and costs so that solutions (e.g. modular components to reduce switching costs) can be identified.

Large-scale infrastructure systems data sets- Publicly available, large scale data sets are crucial for infrastructure systems study and recent research has discussed how to manage such data. I propose to develop methods to collect and use such data to drive efficiency improvements.
Statement of Teaching Interests

My teaching philosophy is fairly simple and pragmatic: to attract and maintain student interest and focus, the best teaching methods incorporate enthusiasm and encouragement. While this is a “basic” philosophy, it is not basic for lack of understanding of the various teaching methods and approaches which exist. I have studied the teaching literature (e.g. Wankat and Oreovicz, 1992; McKeachie, 1999; Davis, 2001) and was a graduate student mentor (GSM) for five semesters. In 2002 I won the Michigan College of Engineering Outstanding Student Instructor Award.
I bring a high level of energy to my classes. Enthusiasm is often addressed in the teaching literature as active learning and I have a talent for bringing energy to a classroom which generally promotes enthusiasm and interest. I exploit my high-energy personality and have developed it into an effective teaching tool. The second part of my teaching philosophy is my strong belief in the importance of encouragement in the classroom setting. I listen to my students and provide encouragement and understanding. I strongly believe that the importance of personal encouragement is significantly underrated in both the teaching literature and in our general understanding of student success.

Web-based tools

I am very interested in using web-based tools, such as a blog, wiki, and/or discussion board to enhance student learning and comprehension. My interest lies in using these web-tools to provide clearly delineated question and answer threads, to promote knowledge evolution, and to develop a cooperative learning environment to enhance student comprehension and capability. 

Presentation-based course structure

Numerous research studies document the crucial need for, and critical lack of, group learning and presentation skills - especially within engineering disciplines. A team-based course, with numerous technical presentations of assigned problems, will help the students discover how to learn, force the consideration of teaching methods, and promote group dynamics and presentation skills. Although not suitable for every class, it could be enormously beneficial for many.
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