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Abstract:
From August 2003 to January 2004 I worked as a Co-Op Student for Systems Engineering at Entergy Nuclear’s Vermont Yankee Power Station. During those brief 5 months I was called upon to perform various tasks, ranging from in-plant ultrasonic pipe wall thickness measurements to computer programming and preparing presentations. This report outlines some of the experiences I had in that job, how they related to, and furthered, my education and how what I learned there will help me in the future as a professional Engineer.
Working for Vermont Yankee was my first job ever and it has taught me more about what Engineering is all about then I could expect to learn from 4 years of schooling.

Vermont Yankee Nuclear Power Plant, now a division of Entergy Nuclear (thus the new name ENVY: Entergy Nuclear Vermont Yankee), is a Boiling Water nuclear Reactor (BWR). BWRs work by harnessing the energy contained in atoms of Uranium 235, present in fuel rod bundles inside the nuclear reactor at a concentration of 3%. U235 is an unstable atom, and as such is prone to splitting apart (fissioning), releasing neutrons, which will go on to strike more uranium atoms, which will split releasing more neutrons, at a nearly exponential rate, producing enormous amounts of heat and radiation. By controlling the position of neutron absorbing rods inside the fuel assembly the neutron flux can be controlled, and thus the power of the reactor can be regulated (1)(2). 
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 Once the energy of the fuel is released, it is used to boil water inside the nuclear reactor to produce steam, which is then dried and used to turn a series of 3 turbines, which run a generator, producing electrical power for the grid. The steam is then condensed on river-water-cooled heat exchangers and returned to the nuclear reactor as water in a closed loop operation (4).
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Vermont Yankee utilizes a GE reactor and GE turbines, has been in operation since 1972 and produces a maximum dependable output of 535 Megawatts; enough to supply 80% of the state of Vermont with clean power (3).
 Although they are very simple conceptually, nuclear reactors in practice employ a myriad of subsystems which must all work flawlessly, in unison, for a period of at least 18 months, when the reactor is shut down for refueling and most systems are serviced. In order to accomplish the large task of monitoring and troubleshooting all the systems in a nuclear power station a specialized department exists, termed “Systems Engineering”, where various engineers are assigned different sub systems of the power plant and are responsible for overseeing those systems and ensuring their continuing performance. Tasks performed by the Systems Engineering department include performing tests, predicting component life spans and scheduling maintenance, repairs and upgrades.
I was a Co-Op student for the Systems Engineering department. Larry Lukens, my mentor, is a Nuclear Engineer in charge of pump and valve in service testing (IST) for Systems Engineering. Aside from working at IST, I also worked for various other engineers under various other systems, such as Service Water (SW), Heating Ventilation and Air Conditioning (HVAC), Service Air (SA), 115kV line, Offgas (OG) and others. This gave me an appreciation for the complexity of the plant, the large number of systems and allowed me to see how different tasks were performed in different systems by engineers of various disciplines.
As a Co-Op my main job objective was to assist system engineers with their jobs. My fixed assignments were few, which meant that I had the freedom to work for different systems and thus learn much more than I would have from spending all 4 months assisting with only one sub system. In order for engineers to monitor system performance in a nuclear power plant a lot of data must be gathered from tests and this data has to be presented in an easy to read, comprehensible manner. Data collection at ENVY is done through periodic tests performed by maintenance personnel, direct readings of instruments inside the plant, or by a computerized monitoring system termed “ERFIS”, which gathers essential data and records it. All collected data, regardless of source, ends up in the plant’s network, under various access levels. System Engineers have access to all system engineering data. Once the needed data is found it is placed in an Excel spreadsheet and then graphed in charts, usually in the form of Presented Data Vs. Predicted Values, or Presented Data Vs. Maximum and Minimum acceptable Values. During the period I worked at VY I was responsible for collecting data for various systems from different sources and presenting it in various forms. This data collection was periodic and scheduled at times, but there were occasions in which I also had to gather data out of schedule in order to assist in finding a particular component problem. These assignments were always very exciting because I found myself working alongside engineers, not as a student, but as part of the engineering team, facing the same challenge of locating a problem, and using the same tools they used in order to do so. I found the extensive Excel training provided during ENG 1101 and Math Classes (MA 1032, 1061) crucial for those tasks. Chemistry, Physics and Materials Science (MY2100) were also very helpful in allowing me to understand the functioning of the various systems in the plant and thus be able to make more educated decisions as to how to look at the data and present it.
One example of a time critical assignment I had was when unidentified leakage inside the nuclear reactor’s drywell suddenly began to increase from 0.1gpm to 0.2gpm overnight. We had experienced two leakage events in the months prior to that; one due to a valve packing failure, and the second one due to the failure of one of the stages of a water recirculation pump seal. These failures forced an unscheduled plant shutdown, which prompted engineers to work overtime to locate and repair the problems as quickly as possible. During this time I was given the unique opportunity to escort a pump seal specialist who came on site to assist with the repairs; a job which, on top of my regular work hours, resulted in me working a 72 hour workweek and being given entrance to the reactor drywell.
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 When this 3rd increase in leakage began everyone was racing around the clock to identify and locate the cause of the leakage. I worked closely with the system engineer responsible for the drywell, trending temperature data for the past months, days and hours at every available point of the drywell and presenting it with various levels of resolution, and at various elevations and orientations; this allowed us to find one particular area of the drywell where temperatures were rising faster than their surroundings. Looking at the drywell plans I printed out we were able to find a valve located in that area and postulate that the leakage was due to a valve packing failure, as evidenced by a temperature rise around that valve. Once the leak had been identified measures were taken to correct it (appendix 1; memo concerning valve lealage and valve leakage over time graph).
Aside from large amounts of data collection and trending, I was also responsible for re-making the entire Fire Protection webpage of the plant, and merging it with the Safety webpage. My skills in web design -self thought as I designed and worked on my own personal web page- allowed me to put together a complete page in 2 days which listed all the safety and fire protection topics, personnel, equipment and indexed relevant documents for both those pages. My supervisor said this is one of the best pages on site!
Another computer task I performed was the creation of an Access database where system engineers were given a form to enter all relevant data for their respective systems. This database gathered system health report data and presented it in various forms, graphic and textual. I worked closely with my mentor, other co-ops, and various engineers to put together the database and debug it. Working on a program for the department proved to be both a technological challenge –as I had to learn how to use the computer program Microsoft Access at the same time that I was using it to create a database- and a challenge in communication skills, since in order to create a useful database I had to know exactly what system engineers expected from it, and how it should present the data contained in it. I got to interact with other co-ops and various system engineers who helped me answering my questions and explaining to me what was required from the database and suggesting ways in which I could accomplish it.
Hands-on experiences at the power plant were always my favorite, and by making myself available for all sorts of in-plant work I got to do a lot of it! From photographing plant equipment for analysis
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 to escorting visitors into radiation areas, to switchyard work: [image: image7.jpg]



I learned about ultrasonic transducers and ultrasonic wall thickness measurements and got to measure pipe wall thicknesses in the plant’s service water systems. I was also trained for confined space work (on top of radiation worker training and all other training required for unescorted access to the insides of the plant) and got to go down into the service water intake structure with my mentor to take pump flow readings for pump performance trending (another one of the many trends I updated as part of my job). This trend allows us to see when a pump’s performance is deteriorating (due to decreasing flow) and schedule preventive maintenance accordingly.

In short, there was never a dull moment during the 5 months I worked at ENVY. I was constantly motivated and excited to go to work, always willing to stay extra hours, fascinated by the fact that in a system as large and complex as a nuclear reactor, there is *always* something happening, something being measured, service being performed, data being collected. This was my first job and if given the opportunity I would love for it to become my permanent job. I firmly believe that this work experience has educated me in various areas of engineering and will make me a better worker in the future; whatever field I choose to work on. I feel privileged to have been given such a unique opportunity by MTU’s Co-Operative education program and by Vermont Yankee.
Questions:

1- How have your MTU co-op assignments adequately prepared you to enter the industry you plan to pursue upon graduation? 
An Engineer’s job is so diverse that I have always wondered exactly what engineers did out in the field. This made me a little insecure about whether I really was prepared to face the “real world” of engineering and take on a true engineering job. Now that I have seen what engineering is all about I feel prepared –and excited- to enter the job market and follow a career as a professional engineer. I believe my co-op assignment has given me the confidence, and many of the skills and preparation I need to follow a career in the nuclear industry, or in any other industry I chose.

2- How can the MTU co-op program be improved to meet the demands of industry and our students? 
I believe the Co-Op program is excellent as it is. I just wish that there were more opportunities for students to work on a Co-Op. I believe everyone should be given this opportunity, and if possible it should even be required that all students do at least one semester of co-op.

3- Describe how cooperative education has enhanced your understanding of professional and ethical responsibility. 

At Vermont Yankee Engineering ethics are paramount. All workers are required to read and understand the Engineering code of ethics and to sign a yearly conflict of interests agreement. The level of seriousness and professionalism shown by all at ENVY demonstrated to me just how important engineering ethics are, especially in a field such as nuclear power.
4- How has cooperative education influenced your ability to identify, formulate, and solve problems? 

I was fascinated by how seemingly very difficult problems can be simplified into very basic solutions. When a leakage was found in the drywell it could have come from thousands of different places, but breaking it down into levels and monitoring temperature rise simplified the location of the problem into just a couple of charts and some hours of engineering analysis.

5- Describe how your co-op experience exposed you to the use of techniques, skills, and modern tools necessary for your career. Which of these items were you exposed to at MTU, and which were you only exposed to through your co-op experiences? 

A lot of the tools and skills used at ENVY are thought in MTU courses, such as graphing, thermodynamics, CAD design and others. I was already very familiar with Excel from my ENG 1101 course and this proved crucial in the execution of my job. On the other hand, what I learned about ultrasonic transducers and their uses for wall thickness and flow rate measurements I could not have gotten from a class.

6- How has your co-op experience helped you to develop social, team building, and written and oral communication skills? 

Since my job was to assist various engineers with their jobs I was constantly working with various individuals; this allowed me to improve on my communication skills, work in teams, prepare presentations and also make friends with interesting and intelligent individuals.

7- Would you recommend cooperative education to a sophomore student? Why or why not?

	 Yes! I believe that in the competitive job market of today one can never have too much work experience, and the best way to gain experience is to start as soon as possible.

Sources:

(1) General Physics Corporation, Nuclear Power Plant Steam & Mechanical Fundamentals
(2) “Investigating Nuclear Stability with a Graphing Calculator”:
http://dwb.unl.edu/calculators/activities/nuke.html
(3) “Entergy Nuclear Vemont Yankee corporate site”:

http://www.entergy-nuclear.com/nuclear/sites/yankee.asp
(4) “Boiling Water Reactor”

 http://eia.doe.gov/cneaf/nuclear/page/nuc_reactors/bwr.html
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