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Summary

During this semester, several possible solutions to fixing current chlorination problems in Panama were investigated.  First, the general problem was outlined and background research was performed.  Information was then gathered about current chlorination techniques to offer a fundamental understanding of the science behind the issue at hand.  Moreover, the problem was made progressively clearer through a series of questioning with a contact in the affected areas.  After the problem became well-defined, several pragmatic solutions were explored and developed.  However, further work is still needed in order to resolve the current problem.  
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Introduction
Every day in Panama people are becoming ill and dying as a result of their drinking water.  The experiences of those in the rural Panamanian cities of Arenal, Platanilla, and Rio Pavo are just a small sample of the nearly 1.1 billion people on this planet who are without safe drinking water.  The work done this semester was the continuation of a project to find a solution to this worldwide problem.  While working with Dave Frodsham, a Penn State alumnus and Peace Corps volunteer, the objective was to create a sustainable chlorination method that accurately doses the drinking water before it is distributed to the citizens of the aforementioned towns.  The main problem with the current chlorination system is that it essentially consists of a barrel filled with chlorine suspended above a water storage tank.  This chlorinator delivers a constant amount of chlorine into the water which has varying adverse effects depending on the time of day.  It was discovered that during off-peak hours when water is being used less there is a high chlorine concentration in the water that is potentially harmful to humans when consumed.  Conversely, during peak hours the water tends to be under-chlorinated which also presents serious health consequences.   

Initial Efforts

To get started, a timeline was produced with the help of Dr. Richard Schuhmann which outlined primary and secondary objectives for the project.  As a result of work done last semester the first objective was to get in touch with Amy Smith.  This was done in hopes of obtaining specifications on the chlorination system she designed for a similar problem in Honduras. The next step was to contact Dave Frodsham to get the details of the system, such as flow rate, tank sizes, pipe diameters, etc. After obtaining this information, it would be possible to build the chlorination device accordingly. 
Amy Smith’s Chlorinator

As was mentioned, an attempt was made to modify a pre-existing low-tech product so that it could function in the target areas.  The device was created by Amy Smith, an MIT graduate student, but was deemed inappropriate for use in Panama.  It was determined that the chlorinator works in the same manner as the current problematic system.  The two chlorinators are shown in Figure 1.  Though they look the same, they both disburse chlorine at an invariable rate.  This discovery caused the need to start from scratch and to create a new viable solution to this predicament.  
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Figure 1:  This figure compares Amy Smith’s chlorinator with the chlorinator being used in Panama. Amy Smith’s chlorinator is on the left, Panama’s chlorinator is on the right.

Background Research


Consequently, more background research was needed in order to understand the process of chlorination so the problem would be able to be accurately addressed.  More meetings with Dr. Schuhmann ensued and it was learned that the primary goals of chlorination are “to kill and to keep killing.”  Regardless of what type or method of chlorine dosing is actually chosen, this is the key goal.  Several types of chlorine were looked into (such as chlorine that comes in gas, tablet, or aqueous forms), but ultimately the type of chlorine that would be used in Panama would be what they had locally available.
Dave Frodsham

Next, further contact was made with Dave Frodsham in effort to come up with an original solution.  It was during this time that many questions were asked of Dave in order to find out more specific information about the exact system they currently have in Panama.  The final schematic of the system can be seen in Figure 2.  In addition to this, it was also learned that the Panamanians used to have a working high-tech chlorination system in place called a Dosatron®.  However, it kept clogging up with leaves and debris and therefore needed to be replaced.  
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Figure 2: This figure shows the current water distribution system being used.

Baffles

Dr. Schuhmann offered the suggestion of installing baffles into the sedimentation tank which could have possibly reduced the debris that was clogging the Dosatron®.  A deeper look was taken at this solution and after several more emails with Dave it was concluded that although this solution may work, the people of Panama could not afford to fix or maintain the Dosatron®.  Therefore, even if baffles corrected the problem with leaves entering the system, it was concluded the device would still be prone to breaking down sometime in the future.  Moreover, this type of solution only attacked a small part of the overall picture.
Future

Further work is still needed in order to design and build a sustainable chlorinator.  The focus toward the end of the semester became looking into how the Dosatron worked fundamentally so the ideas could be translated to a new design.  Furthermore, acting on a suggestion from Dave Frodsham, a design involving spinning wheel was looked into.  However, no technical plans were able to be produced before the submission of this paper.
Mission Statement

Initially, we decided if we wanted to have any chance to succeed we were going to need to have a vision, set goals, and create a mission statement.  At the beginning of the semester, we felt we had a clear goal for this project: replicate a chlorinator to incorporate into the water treatment system in the Serrania Del Darien region of Panama. We thought the information was straightforward and this project as a whole seemed direct. As the semester progressed however, many unknowns began to appear and we quickly learned that simply duplicating this system would not be adequate. We found that we had to transform our entire strategy of matching a chlorination system to researching the specific area and designing an arrangement that would accommodate their particular problem. Although the project became more difficult, it also metamorphosed from a semester project to a firm dedication. As a result, we embodied the following mission statement:

“To design and/or implement a sufficient and sustainable chlorination system to alleviate the water contamination problem in the Serrania Del Darien region of Panama.” 

Our Vision


With that mission, we changed our entire vision for the outcome of this “project.”  After realizing that we would not be able to build a chlorinator, we decided to begin the ground work for a system that would work. Therefore, the research can be easily transitioned to the next group or we can continue our work. By the end of the Spring, 2007 semester, we hope to have gathered enough information to either build a system or simplify the process for the next group of students whom chooses this venture.  

Our Strategy

We will see that this goal is accomplished by dedicating time to deciphering this issue over the summer and possibly through the next semester. During these times, we will attempt to retrieve additional information about what is causing the sedimentation problem. This will enable us to design a system which minimizes sedimentation and one that provides sufficient chlorination simultaneously. In addition, we will share all of our research with the next group and collaborate to develop a solution.  Frankly, we have ambition to deliver a concrete resolution to this problem as soon as possible, and we will adjust our strategies as necessary to attain that objective.

Our Core Values


The foundation of our entire group and course work rests upon a set of values that we believe should exist in all aspects of life.  These core values influence our attitude regarding the project, the quality of work we produce, and the dedication we feel towards the people in the village. These principles are service, sustainability, and excellence in all of our undertakings. 


The first core value, service, is something that we feel should be in every engineers’ mind at all times. Our main focus is to provide a duty or service to satisfy the client as they may need or wish.  In our case, we were the engineers and the people of Panama were out clients. There was no contract to sign or endowments to receive; our payoff was knowing that we did our best to change the lives of many for the better. 


Sustainability is also an issue that should be taken into consideration with every engineering design. In reality, it is our duty to design facilities, devices, systems, etc. that comply with the best possible environmental outcome. For this project, our application of sustainability was on a much smaller scale. Our design had to be sustainable in that it must be maintained by local residents. More than likely, any system we decide to install will eventually malfunction. When that occurs, the device must be simple enough that it can be repaired with readily available equipment in the area. 


As individuals, each member in our group takes pride in their performance. Each of us had a different connection to this project. However, our perception was similar: get it done, and do it well. It was below our standards to make excuses and simply tell why we could not get this project done; rather, we wanted to explain how we overcame those difficulties and created a new direction each time an issue arose. This train of thought had a positive impact on our progress and problem solving capabilities. 

ENGR 408 Tie-Ins
Throughout the course of the semester, there were several topics in Engineering 408 which could have been applied to our group work.  But, there were five main focal points that we wanted to discuss: group dynamics, the effects of our Keirsey temperaments, motivations, sustainability, and sharing leadership.  

Group Dynamics

Group dynamics and development were among the things that played a large role in our successes/failures.  During the preliminary stages of our group work, we were unable to communicate well because we were just getting to know each other.  This initial setback was potentially a large reason why we had been unable to construct something by the end of this semester.  As our relationships began to improve so did our productivity and efficiency.  This idea of group development and how we got along with each other is a direct tie-in with group dynamics.  
Effects of Keirsey Temperaments 

Our difference in opinions and beliefs was another challenge we battled throughout the semester.  In our group, there were three guardians, a rational, and an artisan.  The guardians and the rational in the group wanted to take it slow and think methodically about the problem.  However, the artisan in the group wanted to focus on the present and get started right away.  As a result, the artisan in the group did a lot of preliminary work such as setting up meetings and getting in touch with our contacts.  Meanwhile, the others group members were looking for background information about our problem.  Because of this dichotomy we were able to attack the problem from different angles which contributed to getting more accomplished throughout the semester.  The artisan provided creative and optimistic solutions which when combined with the rational produced innovative and pragmatic results.  All in all, the diversity in the group allowed for us to have greater success than we otherwise would have been able.

Motivations 

After brainstorming what motivated us individually, we narrowed the outcomes down to three sources.  Our first means of motivation was the ability to help others.  The chance to apply our expertise and utilize our resources brought out the passion in all of us.  Secondly, we were motivated by the actual engineering experience we gained during the process.  We enhanced our technical knowledge by studying water treatment systems and understanding how each component works.  Last but not least, we felt that our grades were an important part of this project.  When everything was at its best then quickly plummeted to rock bottom, we simply could not afford an “F” for something we knew we could accomplish.  As time progressed, the same thing that upset us about the project eventually provided us with a deeper dedication to completing the mission. 

Sustainability

Sustainability was another issue we came in direct contact with this semester. We felt the main problem with the current situation in Panama was not that they had unsafe drinking water, but that they did not have a way to sustain a method of purification for their drinking water.  They tried using a cutting-edge device in the Dosatron®, but it became damaged and was quickly unable to be fixed and reused.  Even if it had not failed the way it did (by filling up with leaves), it is extremely likely that they would be in the same situation years down the road after the wear and tear of the product.  The more accurately you can predict what will happen, the more effectively you can address it.  We could have easily raised funds to purchase the people in Panama a brand new chlorination system.  However, we recognized that without developing appropriate technology, a sustainable solution was far from arms reach.  We learned that sustainability is an important topic that should be among the first things considered when starting any kind of engineering project.  

Sharing Leadership

One of the biggest barriers to leadership is the ingrained notion that there has to be one leader.  For a group to function properly, members must realize sharing leadership is integral to success.  Sharing leadership is simply deliberating with your group members to come to a common consensus; one person does not have to be the leader at all times.  There are just situations when someone in the group may have to go the extra mile to make sure goals are met.  It may have taken some time, but our group came to realize the essential component to sharing leadership: communication.  
Results and Conclusions
There is a grave situation happening right now in Panama and a multitude of other developing nations around the world.  Despite creating a vision, working rigorously, and developing as a group nothing was able to be output this semester.  This could possibly be attributed to the loss of nearly a month at the beginning of the semester due to group development and miscommunication.  In spite of that fact a great deal of progress was made, especially in the area of gathering research and developing a relationship with Dave Frodsham. The work that was done this semester will give future groups a greater chance at completing this project later down the line – and it is believed that that is success on some level.  As previously mentioned, more work is necessary to be done.  Lastly, though the overall vision was not realized, it is likely through another semester of work that this problem will have a solution.
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