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1 Executive Summary

We three ESW SEED volunteers lived and worked in the community of Ojojona, Honduras from June 3 to August 15, 2006. As representatives of ESW and AguaClara, we were charged with working with Agua Para el Pueblo (APP) and the local Junta de Agua on the development of the already in-progress water treatment plant project. Ojojona, a rural town located in the mountains just south of Tegucigalpa, had been selected for the project during the previous year. The funding, organizational structure, and overall design were in place before our arrival. With capital costs financed by ESW and the International Rural Water Association (IRWA), APP acted as the official coordinator of the project.  The Junta de Agua, in partnership with the municipal government, held responsibility for local organization. The treatment plant itself is situated on a hill above the town center, where it will treat surface water collected from a system of small aqueducts for distribution to approximately 210 households. A team of Cornell University students designed the plant, which uses a grit chamber, alum addition, rapid mixing, flocculation, and sedimentation to remove turbidity from the raw water before delivering it to a preexisting chlorinator and distribution tank.

We arrived in Ojojona just as construction of the treatment plant was commencing. Our primary tasks toward the beginning of our stay were to oversee construction with APP and collect water data. Supervising construction involved interpreting drawings, communicating with the builders, controlling concrete materials, and documenting the experience. Throughout the summer, we took turbidity and pH readings from the community’s water sources and conducted bottle-roll jar tests and continuous test runs with a miniature treatment plant – called the “pilot plant” – to characterize the water to be treated. In the final three weeks of the trip we trained eight affiliates of the Junta de Agua in the basic skills needed for water treatment. Using the pilot plant, testing equipment, and teaching materials of our own design, we walked our students through the concepts of flow rate, chemical dosing, data collection, and jar testing. The end of the training session was highlighted by a trip to the water treatment plant in La 34, which, although not functioning properly, served as a learning tool for the visitors from Ojojona.

By the time of our departure, the construction of the plant had risen to the level of the platform, with the walls of the grit chamber, a flocculation tank, baffles, and plumbing yet to be installed. The continuation and completion of construction was left solely to the builders, APP, and the Junta de Agua. The total initial funding of $25,000 had been spent and APP estimated that $8000 more would be needed to finish construction and secure operation for the coming year. As the project continues, we feel that it would benefit from the continued presence of a representative of ESW or AguaClara. Additionally, we believe that the sustainability of this project should be ensured by its contributing organizations through persistent follow-up investment before beginning another similar endeavor.

2 Background
Ojojona, Honduras is a small village located approximately one hour south of the capital city of Tegucigalpa. It is at the end of a paved road that extends from Tegucigalpa and is accessible by bus. The municipality has approximately 10,000 people which includes the town and surrounding aldeas, although just about 3000 of those live in the town of Ojojona proper.  The water for about 30% of the people in Ojojona comes from Payaguagre, the delivery system treated by this project.


Aside from population and numbers, a good way to generally classify Central American villages is by some of the characteristics or services they may have. Ojojona is a three church, two soccer field village with many pulperias (convenience stores), two internet cafes, and a centro de salud (health center). There are several pottery stores where local artisans sell their wares to weekend visitors from Tegucigalpa and other tourists. There is a hospital being built down the road a couple kilometers in Santa Ana, a joint project of the church and federal government.

Ojojona had its heyday in the 1800s as a mining town, and experienced much of its development in that century. Since then, there have been no major industries in the area, and many residents commute to Tegucigalpa for work, or take part in the small scale farming that is nearby.  With this accessibility to Tegucigalpa, there seems to be slightly more material wealth present in Ojojona than in other, more rural villages in the country.

The challenges that Ojojona faces are similar to those of the rest of Honduras.  One of the clearest deficiencies is a lack of extensive education.  Some children do attend school as late as age eighteen.  However, even during prime school going ages, the children only attend school two to three times per week for half of the day.  Basic infrastructure is also lacking in the country, and access to acceptable water quantity and quality are common problems.  Households in the town of Ojojona, for example, have running water approximately every other day.  As noted above, it seems that there is a small degree of greater material wealth related to greater opportunity for employmnet in Tegucigalpa.  That being said, however, there are very few industries in the area and citizens have trouble finding good jobs. 

3 Community Challenges and Needs

Many types of challenges exist in Ojojona that we came in contact with as volunteers on the ground in the community.  We experienced and addressed challenges that went beyond the superficial technical problem of treating water to clarity as described by Cannan et. al.  And while the fact that the water arrives turbid at the tap served as the basic motivation for this project, in this section we also describe other factors that, though not necessarily engineering challenges, are just as imperative to look at as the turbidity issue.   Finally, we provide some recommendations on how we approached these issues and how they might be addressed in the future. 


The general populace of Honduras is amongst the most poorly educated of any country in the Western Hemisphere, and Ojojona is no exception to this. Accordingly, a major challenge of ours involved overcoming the education gap and trying to explain complicated concepts in understandable ways. The only person we interacted with on a regular basis who had a college degree was Gabriel López, the engineer from APP. However, Gabriel was not frequently available, and most of the members of the Junta de Agua lacked training in basic science and math.

One time during which this became very apparent was during our last three weeks in Ojojona when we gave classes about the basic knowledge needed to operate the plant once it is built. To do this, we used a small-scale version of the plant - called the “pilot plant” - made of plastic parts and a PVC pipe frame, and set it up in the local health center. The pilot plant replicates exactly the processes of the large plant, but it operates at a much smaller volume and is portable, which makes it effective as a teaching tool. We gave lessons on the parts and processes of the pilot plant, and how these correspond to the parts of the Payaguagre plant (see the Implementation of Technology section and the Capacitación Documents in Appendix A – Technical Documentation for more detailed descriptions of the lessons).  
Since these training sessions were mainly technical in nature, the education gap was frequently an issue. We found ourselves having to repeat concepts multiple times before the students began to grasp the material. There were also problems with mathematical concepts, such as converting a time such as 1 minute, 27 seconds into a decimal expression for minutes for use in flow rate calculations. However, by using handouts outlining the main points, reviewing frequently, and using the pilot plant to demonstrate, we were able to get most of our points across. In the future, we would strongly suggest starting these classes earlier during the stay, to allow more time for practice and repetition.

The education gap was also apparent at the construction site. For example, one day, Dan gave the workers a list of rebar that needed to be cut, which included several pieces of length 3.8 m. He returned later in the day to find that they had measured and cut pieces of 3 meters, 8 centimeters (3.08 m). This problem of unfamiliarity with decimal expressions arose on several other occasions as well.


Other problems arose at the construction site, where we felt compelled to adjust entrenched building practices to try to instill a more “American” style of order. In Honduras, construction standards or building codes are less stringently followed, and projects seem to be frequently built without detailed drawings or plans.  We had to continually remind them to follow the designs rather than improvise. We also found that we needed to interpret most of the designs for them because they were unaccustomed to reading drawings. Alternatively, we found that the workers were extraordinarily good at assembling things with no designs and minimal resources.  

  A couple other problems surfaced on the construction site.  As mentioned in the Construction of the Water Treatment Plant section, power tools were the exception to hand tools. Many of the power tools APP delivered to speed up construction were used improperly or dangerously, and often needed to be removed for replacement or repair. We also needed to remind the workers that the focus needed to be on the quality of work rather than on speed or cost of construction. The speed of construction was a major problem because of the timeline of our stay. It turned out that construction could not be completed by the time we left. 
Communication was another big issue for us, especially at the beginning of our trip. There was a complicated split of duties between the municipality, the Junta de Agua, APP, IRWA, and Cornell/ESW, and it was difficult at first to figure out what our role in the project was. We also found that until the project really got going, it was hard to motivate people and make them understand the amount of work that needed to be done by everyone in order to have a successful project. The language barrier often prevented us from getting our points across in exactly the way we would have liked even when we could express the general concept. 
Another serious problem that came up with the organizational setup was that the Junta de Agua of Ojojona (see Partner Organizations and Their Roles in the Project) was entirely responsible for paying the construction crew, so those salaries were not paid for with IRWA’s funding. This caused delays in construction, as the Junta did not have enough money to pay for more than a few workers per day. Furthermore, the workers were being paid less than Honduran minimum wage, which was a big concern for the ESW volunteers. To correct this problem, APP agreed to pay an extra 30 L (US $1.50) or so to bring the salaries up to the Honduran minimum wage.
However, talking with members of the Junta de Agua did allow us to learn about concerns that they have that we had not thought of. They were particularly concerned about the safety of the new treatment plant. They had previously had problems with vandalism and materials being stolen from their infrastructure. For example, on one occasion someone stole the roof off a distribution tank during the night. The Junta was very concerned about the safety and longevity of the water treatment plant, which as a more expensive structure will be a more likely target of crime. The Junta expressed a desire to build a strong fence around the plant as protection. This was not provided for in the original budget, but in the interest of sustainability it should be done, and fences should be planned for in designs and budgets of future plants.

The social implications of the project will be important to address in the future.  One lesson learned at La 34 was that the public will be strongly opposed to water tariff increases if they do not know very much about the water treatment plant or what it does. Looking towards the future, community awareness will be very important as the Ojojona plant becomes operational and begins to cost the Junta to maintain. Complicating the issue in Ojojona is the fact that there are two distribution systems, with Payaguagre unfortunately only serving about 30% of the population. How will people on the other system react to paying higher taxes for the same service? How will the Junta raise awareness of the new plant?  These are questions that will continue to demand attention as this project moves into the coming months. 

4 Technology Description

The Ojojona water treatment plant is a gravity-fed flocculation/coagulation/sedimentation plant built of reinforced concrete, cinderblock and PVC piping. The coagulant used will be aluminum sulfate (alum), which will be dispensed through a chemical dosing system utilizing PVC piping and 55 gallon storage drums. A detailed description of the parts and processes of the plant can be found in Cannan et. al.
Although the plants in Ojojona and La 34 use processes common to all surface water treatment plants, they are the only gravity-flow treatment plants ever attempted in Honduras. One of the goals of the Honduras Water Project is to build sustainable water treatment plants that are simple to operate and maintain because they run mechanically without electricity. Adjustments should only need to be made once or twice a day barring severe circumstances.

Detailed structural designs were provided by SEED volunteer Edward “Ted” Segal. Most of the drawings were given to the summer volunteers before they left for Honduras, with updates and further details provided while there were abroad. After their departure, Gabriel López of APP will provide technical direction until the project is completed.

There were several changes between the Ojojona plant design and the water treatment plant built in La 34 in 2005. There will be three sedimentation tanks which employ plate settlers instead of one traditional sedimentation tank. This will allow future volunteers to research loading rates for one, two or three tanks at a time. Baffles in the sedimentation tanks will be made to be removable plastic assemblies and drainpipes have been installed to facilitate the cleaning of the sedimentation tanks. A vertical flocculator was included, and a tube flocculator may eventually be added as well to allow comparative testing. Further detail can again be found in Cannan et. al.
Another piece of technology used during the summer was the pilot plant, which is a small-scale water treatment plant made of plastic parts. The pilot plant was useful both as a teaching tool and for water testing. It uses the same processes and treatment train as the actual plant, so it was valuable for teaching water treatment even before the full-scale plant was finished. It is also portable, so teaching and testing could be done in a convenient location. Additionally, since it did not require as much hands-on work as a bottle-rolling jar test and could run continuously, it was advantageous for testing alum dosages quickly with visible results. Readers are referred to Chapter 6 of Cannan et. al. for information on the design and operation of the pilot plant.

5 Partner Organizations and Their Roles in the Project
5.1 Partner Organization Descriptions
The organizations listed below have collaborated in the financing, planning, construction, and follow-through phases of the Ojojona water treatment plant project. The list includes the title and information for each organization’s primary contact as well as its most recent web address.

Agua Para el Pueblo (APP) is a Tegucigalpa, Honduras based non-governmental organization (NGO) that has implemented water and sanitation solutions with Honduran communities since 1985. The stated goal of the organization is “to help alleviate the necessities of the poorest communities in Honduras in order to improve their potable water and basic treatment systems.” APP’s own staff and engineers work with official, private, and external authorities to develop technical and financial strategies in support of community efforts targeted at improving living conditions with respect to water and sanitation. The repertoire of services APP offers includes minimal infrastructure, such as hand-dug wells, small gravity water systems and latrines; medium infrastructure, such as gravity systems for communities with 200 - 2,000 inhabitants, hydraulic latrines and operating plans for basin protection; as well as major infrastructure, including gravity potable water systems for populations over 2,000 inhabitants, well-drilling, sanitary sewage systems with treatment plants (INHOFF tanks), basin management plans, and waste management plans (“About Us” 2006).
The organizational structure of APP consists of a Board of Directors, the NGOs highest authority; an executive director, the organization’s legal representative and executive manager; and Operative, Engineering, Administrative and Social and Agro-forestry departments under the oversight of the director. A more detailed organizational description can be found on APP’s bilingual website. 

Primary Contact for Agua Para el Pueblo
Jacobo Nuñez

Executive Director

Agua Para el Pueblo

Ave. Terencio Sierra, Casa 502-B

Frente a Rest. Pekin

Tegucigalpa, M.D.C.

Honduras, C.A.
011-504-232-6558 (office)

011-504-944-0529 (cell)
apueblo@amnettgu.com
http://www.apphonduras.org
The International Rural Water Association (IRWA) was established in 1989 with the mission to help improve the quality of water and health for people in developing countries. The domestic National Rural Water Association serves as its sponsor and model. The primary goal of IRWA is to provide the economic delivery of water treatment, training and technical assistance to people in rural communities (“International Rural Water Home Page” 2006). Although IRWA has focused its efforts primarily on rural water issues in Honduras, its scope in Central America has expanded to include projects in El Salvador and plans for action in Guatemala. Most pertinently for the current project, IRWA, with in-country participation from then partner organization AHJASA (Asociación Hondureña de Juntas Administradoras de Agua), financed and mobilized the construction of the gravity-flow water treatment plant in the community of La 34, departamento Yoro. In addition to the large construction project in La 34, IRWA has promoted the use of small-scale gravity-flow chlorination devices for community water systems. Most recently, it has been promoting Point-of-Use (POU) batch process basins dubbed “Depuradores” in various communities, the most notable of which is the city of Marcala, departamento La Paz.
Mr. Fred Stottlemyer acts as the primary contact, representative and international emissary for IRWA. As a retired construction manager and water treatment plant operator, he travels the world seeking to improve the water systems of lesser developed communities. He worked with Cornell University students during the 2004-2005 school year on the La 34 water treatment plant project and in 2005-2006 on the current project in Ojojona (see Coppens 2005 and Odum 2005). As of the time of writing, he continues to work on providing much needed follow-up for La 34 and Ojojona.
Primary Contact for IRWA

Fred Stottlemyer

fredstottle@yahoo.com
http://www.nrwa.org/internationalruralwater/
AguaClara, otherwise known as the Honduras Water Supply Project, was created at Cornell University during the 2005-2006 school year to unify students and faculty who were working in several classes on projects that developed out of the experience in La 34 (see Coppens 2005 and Odum 2005). Students in the School of Civil and Environmental Engineering (CEE) had been working on water supply projects for Honduran communities since 2003 in the class “CEE 492: Engineers for a Sustainable World”
, but the interest level from both undergraduate and Master of Engineering (M. Eng) students surpassed the scope of just a single course. Under the banner of AguaClara, the project grew to include several undergraduate classes as well as an M. Eng project. 
The group’s mission is to improve water treatment technologies so that communities in the Global South can afford safe, clean drinking water. AguaClara activities during 2005-2006 included original research into water treatment processes and the design of the water treatment plant for the community of Ojojona, Honduras (see Cannan et. al. 2006}). AguaClara received funding from various university and external sources before the start of the 2006-2007 school year which allowed it to upgrade a student laboratory, create its own office, and sponsor future trips from Cornell to Honduras. While it will continue to be the umbrella group for students who wish to work on the Honduras project in Cornell’s CEE program, AguaClara will additionally serve as the primary American organization responsible for the continuing work in Ojojona and future projects. 
Primary Contact for AguaClara

Dr. Monroe Weber-Shirk

Senior Lecturer/Research Associate

School of Civil and Environmental Engineering

115 Hollister Hall

Cornell University

Ithaca, NY 14853

(607) 255-8445

mw24@cornell.edu
http://eswserver.cee.cornell.edu/aguaclara/

La Junta Administradora de Agua de Ojojona (the Junta, or the Ojojona Water Board) is the public authority responsible for the water infrastructure of the Municipalidad de San Juan de Ojojona, in the departmento of Francisco Morazán, Honduras. The management of water resources in Ojojona, as well as many other jurisdictions in Honduras, was transferred from municipal control to an independent water board in the 1990s in an attempt to rid it of endemic corruption. Although not officially a partner organization of ESW or AguaClara, the Junta represents the leadership of the community served by this project, holds certain responsibilities concerning the construction of the treatment plant, and is ultimately responsible for its sustainable operation. Therefore, it is imperative to include the Junta along with the other partner organizations included in this list. The Junta itself is composed of a board of directors (regidores) who vote on actions to be taken by the Junta; a Recording Secretary, who records the meeting minutes; a Treasurer; a president, who is responsible for the executive management of the organization; and three plumbers who work under the direction of the president to maintain an infrastructure of collection boxes, storage tanks, hypochlorinators, and the distribution system. The president is an elected position with a term of four years. Besides its role in the current project, the Junta de Agua’s daily work includes the routine maintenance of the infrastructure, collection of the monthly flat-rate water bill from each household, and publication of its financial reports in keeping with the requirement of institutional transparency under which it was created.
Primary Contact for La Junta de Agua de Ojojona, F.M.

José Martín González (Martín)

Presidente

Junta Administradora de Agua

Barrio el centro, Ojojona, F.M.

Frente a la Alcaldía Municipal

Honduras

011-504-767-0385 (Junta office)
La Corporación del Municipio de Ojojona (the Municipality of Ojojona) is the public governing body for the region in and around the town of Ojojona, which has a population of roughly 10,000. Like the Junta de Agua, the Municipality was not considered an official partner organization of ESW nor AguaClara but has played a pivotal role in the development of the project. The municipal government consists of an elected legislative body and a mayor, each with four year terms. Although the SEED volunteers had only one meeting with the mayor, he and the municipality in general are aware of the presence of American engineers and actively support the water treatment project despite the fact that it is the Junta and not the Municipality which is ultimately responsible for the project. It would be best to contact the municipality or the mayor through the president of the Junta.

Primary Contact for La Corporación del Municipio de Ojojona

José Armando García Andino

Alcalde Municipal

Ojojona, F.M.

Honduras

5.2 Roles of the Partner Organizations

Each of the partner organizations listed above as well as ESW has had a specific role to play in the development of the project. The organizational chart presented in Figure 5‑1 summarizes the roles and responsibilities of each organization. More detailed responsibility lists can be found in the document “Convenio de Cooperación . . . Francisco Morazán”, presented in Appendix A – Technical Documentation. That document and the experience of the volunteers served as the basis for the relationships depicted below. APP drafted the convenio, or agreement, through several meetings with the Junta de Agua and the Municipality of Ojojona over the spring and summer of 2006 to create a concrete set of guidelines which dictated the responsibilities of each party. The convenio went through several drafts before reaching its most recent version, which is presented in the appendix. Despite its clarity, the final copy was never signed officially by the mayor of Ojojona to the knowledge of the SEED volunteers. Furthermore, a representative from IRWA did not even obtain a copy until July 31, 2006, far after the beginning of construction and too late for its endorsement to be relevant. And finally, the convenio mentions that the “Community” through the patronato
 has promised to contribute to the project. So far no such community participation has occurred. Therefore, although the convenio has served as an organizational guideline for project and all parties have generally abided by it, the document’s legal authority remains unclear.
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Figure 5‑1 - Chart summarizing the major responsibilities of the partner organizations and the relationships between them. A more detailed breakdown of each organization’s role can be found in the “Convenio de Cooperación” section of Appendix A – Technical Documentation.  This chart was created from the information available in the convenio supplemented with the volunteers’ experience.
6 Implementation of Technology

6.1 Construction of the Water Treatment Plant
6.1.1 Plant Site and Design

Situated on a hill named Payaguagre (pronounced Pie-a-wa-gray), the water treatment plant is about a twenty minute walk up a series of roads and paths from the town center. The site lies just within a stone wall that delineates a property that is ostensibly private, but whose paths are used by locals as a popular traverse. The Municipality, under the direction of the mayor, however, legalized the use of the previously unoccupied land. This action did not require the consent of the landowner due to a law that allowed the government the power of eminent domain for projects of public benefit.

The plant footprint itself wraps around two sides of an existing distribution tank, called Tank 4 by the Junta de Agua (see Figure 6‑1). The water treatment plant was built according to the design provided by the AguaClara report (Cannan et. al. 2006) and the structural analysis, materials lists and drawings provided by previous SEED volunteer Ted Segal. The water the plant is to treat supplies a distribution system that serves about 210 houses out of the approximately 700 served by the Junta’s infrastructure (Segal 2006).
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Figure 6‑1 – AutoCAD drawing of the water treatment plant. The plant wraps around the existing Tank 4, depicted by the grey box in the background (Cannan et. al. 2006).
6.1.2 Organization of Labor and the Role of the Volunteers

There were three general classes of labor employed in the construction process: engineering, skilled, and unskilled. The APP engineer in charge of that organization’s part in the construction, Gabriel López, and the SEED volunteers provided the engineering and technical support. APP organized the skilled labor, which consisted of two men, Elias Nuñez and Juan Gómez, both of whom had years of experience in construction. The Junta de Agua organized the unskilled labor force, which consisted of men and boys from Ojojona. The work week included the five week days and a half day on Saturday.
6.1.2.1 Engineering

According to the guidelines of the convenio (see Partner Organizations and Their Roles in the Project), APP’s role with respect to construction included its coordination, engineering and technical direction, and supervision. Being the senior engineer assigned to the project, Gabriel López was ultimately responsible for carrying out these expectations in the field. His specific tasks included paying the skilled laborers, interpreting drawings, troubleshooting issues that arose during construction, coordinating and paying for the delivery of materials, and facilitating communication between all parties involved in the project. In addition to the functions that are outlined in the Convenio, Gabriel assumed the responsibility of paying the unskilled laborers an extra L. 30 (thirty lempiras) per eight hour day of labor more as well as overtime hours. The original plan called for the Junta to pay the unskilled workers’ salaries, but the L. 70 per day it was willing to afford fell short of the Honduran minimum wage of L. 100 per day. After learning this, hearing the workers complaints, and realizing that they were ready to seek jobs elsewhere, the volunteers urged the Junta and APP to raise the wage to at least the minimum. Since the Junta felt that it could not financially make such a commitment, APP assumed the duty via Gabriel.

The originally planned role of the summer SEED volunteers was to bring a nearly completed water treatment plant under operation. However, delays before the initiation of construction meant that the summer volunteers arrived just as construction was beginning. Thus, the presumed role of the volunteers became irrelevant and their participation in construction developed out of unplanned necessity. The initial result was confusion with regards to what the Junta and APP expected of the volunteers and what exactly their role was to be. It took several frustrating weeks before each volunteer acquired a role with which they felt satisfied and useful. It was Dan, however, who ended up representing the volunteers for the majority of the construction aspect of the project after this period of adjustment. 
Although the only mention of ESW in the convenio refers to financing, the actual role played by volunteers in the construction overlapped with some of APP’s responsibilities. While Gabriel continued to be solely responsible for creating budgets, buying materials, and ensuring their delivery, much of the daily interaction with the workers and supervision of construction fell to the volunteers. This dynamic grew out of the volunteer’s experience that the workers required more assistance reading technical drawings and following the design than had been anticipated by anyone, including APP. 
Therefore, the primary role of the volunteer on the construction site was to ensure that the plant be being built according to the plans, which was not as easy as it may sound. Such work required the volunteer not only to overcome the language barrier, but also an educational one. As construction progressed, it became more glaringly apparent that the contractors, Elias and Don Juan (Juan Gómez), were having trouble interpreting the meanings of the structural drawings due to a simple lack of training. Another factor which contributed to their confusion was that the design was like nothing either man had ever built before despite their years of experience. This at least in part had to do with the fact that the design was based on American norms, to which neither had been previously exposed. Furthermore, Elias was very comfortable making his own adjustments to the design to either facilitate construction or simply because he could not infer what the drawing called for and felt that it was more important to keep moving ahead than be exacting. 

The result was a dynamic in which the volunteer on site would be constantly correcting the contractors’ interpretations of the drawings, convincing them to follow the design instead of making impromptu changes to it and urging precision and quality over their pressing desire to keep up the pace of construction. Other construction oriented responsibilities taken on by the volunteers in addition to this supervisory role included:
· Documenting the construction with notes and digital photography

· Working with the contractors to resolve problems that arose with the design during construction such that the quality of the treatment or structure would not be adversely affected

· Recording deviations from the original design that occurred during construction

· Design of concrete mixtures (see Concrete)

· Collecting of data, such as slump of concrete batches and making test cylinders for compressive strength tests (see Concrete)
· Advising workers on concreting techniques, including slump testing, cylinder sampling, mix proportioning, and using a vibrator

· Facilitating communication between the skilled labor, Junta de Agua, APP, and AguaClara

· Assisting with manual labor when needed
6.1.2.2 Skilled Labor
The official leader of the manual laborers, or maestro de obra, was Elias Nuñez, brother of APP president Jacobo Nuñez. He came to the project with about twenty years of experience building water and sanitation infrastructure throughout Honduras such as septic systems, latrines, aqueducts and water tanks. His duties included the oversight of the unskilled laborers, recording their hours worked, and general direction of the construction.

Shortly after the initiation of construction, Jacobo sent Don Juan to join Elias as another maestro de obra. Don Juan was a graduate of Honduras’ Instituto Nacional de Formación Profesional (INFOP, or National Vocational Training Institute) and had many years of on-the-job experience in construction. His most frequent job has been building houses, but he also participated in heavy construction as a member of the crew which built a pier and customs office at San Lorenzo on Honduras’ southern coast. As time went on, Don Juan assumed more and more of the de facto technical direction of the project. Although Elias continued to be the official leader, Don Juan’s training, more patient disposition and report with the construction crew eventually made him the Junta’s and the volunteer’s preferred maestro de obra with whom to communicate.

The skilled labor was compensated on a contractual basis, meaning that a lump sum was paid to the maestros by APP using the funding from IRWA and ESW for the whole project. According to volunteer conversations with the maestros, the estimated time to complete construction was 60 days.

6.1.2.3 Unskilled Labor

Organized by the Junta, the unskilled labor force varied from as little as two to as many as twelve men and boys. Their primary role was to comply with the direction of the maestros de obra, which frequently included tasks such as hauling materials, mixing concrete, masonry and cutting wood, rebar and cinder block. The background of these workers ranged from significant experience in construction to none at all. One of the workers who spent the entire duration of the volunteer’s trip working on site, Héctor Castillo, also received the training described in the La Capacitación section.

On most days, the crew consisted of six unskilled laborers. During the first two weeks of construction, however, there were some days when the Junta organized only two or three men to assist the skilled laborers. The maestros de obra requested up to twelve workers for pouring concrete for the sedimentation tank floor and the platform, the two most massive sections of the treatment plant. As mentioned in the Engineering section, the Junta initially compensated the workers L. 70 (about US $3.50) per day which APP later supplemented to L. 100 per day (about $5.00).

As for safety equipment, only a few pairs of safety goggles were available to the workers even though similar work in the United States would have required them to wear steel-toed boots, eye protection, and hardhats. No safety training was available to them let alone workers compensation insurance.
6.1.3 Tools and Materials
The great majority of the labor for the plant was accomplished with hand tools, including the cutting of wood, cutting and bending of rebar, some modifications to the cinderblock, mixing of concrete and excavation of soil and rock. The few exceptions were the cutting of block with a power grinder, mixing of concrete with a 1 yd3 mixer for the platform pour, and the consolidation of the large concrete pours (sedimentation tank foundation, one of the columns and the platform) with a vibrator.
In the beginning of construction, all of the materials were delivered to the end of several car-accessible roads and dumped there. Hauling the materials the remaining distance to the hilltop construction site was left to the unskilled laborers, who had to carry them on their backs up narrow trails. Not surprisingly, this slow and exhausting method was determined to be the limiting factor in the pace of construction. On June 20, Jacobo decided to pay for the opening of a track suitable for a truck to access the site. By July 3, the materials were being delivered all the way to the site by a large truck, greatly speeding up the rate of construction.

Table 6‑1 lists the materials used in construction and their source to the extent to which it is known. APP should have a more detailed knowledge of the sources of the materials not local to Ojojona.

Table 6‑1 – List of construction materials used and their sources.

	Construction Material
	Source

	Coarse aggregate (gravel)
	Gravel plant, town of Sabana Grande, about 20 km to the south of Ojojona on the main highway

	Fine aggregate (sand)
	Streams running through Ojojona

	Lumber
	Most locally cut from the woods around Ojojona; APP bought a small amount from a lumber yard in Tegucigapla in late July.

	Cement
	Piedrazul brand cement (a Lafarge cement company), which is virtually the only cement available in Honduras.

	Water for concrete
	A tap inserted upstream in the collection line from the distribution tank for which the treatment plant was built.

	Cinder Block
	Purchased by APP

	Supplementary wood
	Branches and small trees cut by machete from the woods around the construction site. This kind of wood was used for small purposes like supporting the tarp or reinforcing formwork.

	Rock
	The rock for backfilling the foundation (see Construction Timeline, 6/13 in Appendix A – Technical Documentation) was quarried from the hill on the opposite side of Tank 4 from the treatment plant site


6.1.4 Concrete

In the United States, concrete used in important construction projects is a highly regulated material. A series of legal regulations and industry recommendations governs its design, control, and testing. However, neither the government nor APP was prepared to provide such quality assurance for this project. So, after observing the lax standards the maestros de obra applied to batching concrete, the volunteers insisted on using a more strict methodology to control the concrete mixtures used in the treatment plant’s construction.

When the workers made the very first batch of concrete used in the construction on July 1, they did three things in particular which alarmed the volunteers. First, they used the “1:2:3” method of mix proportioning which Kosmatka et. al. call an “arbitrary volumetric method of the early 1900s” (Kosmatka  2002). In this method, one bag of cement is mixed with two cubic feet of sand and three of gravel. The method is archaic and deviates significantly from modern mix proportioning procedures. Second, standard concreting equipment such as a mixing trough, slump cone and testing cylinders were not available. Thus, the concrete was mixed on the bare ground, as warned against in (Jordan 1984); could not be tested for slump and could not be sampled for compressive strength. Finally, water was added without measurement until the mixture’s consistency seemed about right. Such a rough method completely ignores the fact that the water cement ratio (w/c) dictates the quality of concrete with respect to strength, permeability, weathering resistance, and other properties (Kosmatka 2002).
The volunteers took several steps to improve the quality of the concrete and the ability of the maestros to control concrete quality themselves. To begin with, they applied the absolute volume method of mix design outlined by the American Concrete Institute’s (ACI) Committee 211, ACI’s body which recommends mix proportioning procedures. An Excel spreadsheet based on the methods described in (ACI Committee 211 1991), which Dan had developed for a class at school the previous semester, was used to perform the necessary calculations. The spreadsheet took in data such as desired slump, final compressive strength, and material characteristics and aided in the design of a suitable mix for any given application. Default values were used for data which was unavailable, such as the materials’ specific gravity, the fineness modulus of the fine aggregate and the rodded unit weight and bulk density of the coarse aggregate. Also, since moisture data was unavailable, the spreadsheet was only used to create Saturated Surface-Dry (SSD) mix proportions. Despite these instances of imprecision in the calculations, a simple analysis showed that the “1:2:3” mix employed by the maestros used approximately 164% of the aggregate per bag of cement than that recommended by ACI 211, which basically means that not enough cement had been used.  This analysis confirmed the hypothesis that the “1:2:3” mix was not acceptable and needed to be amended. 
To carry out the batching to the greater degree of precision required by the new mix designs, a five gallon bucket was added to the one cubic foot box that had been the only equipment for measuring out concrete components. The volunteers insisted that all of the concrete made after July 1 be made following the volunteer’s mix designs as closely as possible using the precise methods available. The versatility of the spreadsheet proved valuable in creating mix designs for the distinct parts of the structure, such as the foundation, walls, and columns. By July 6, unfortunately the day after the sedimentation tank foundation was poured, Gabriel brought a slump cone and two 6”x12” cylinders to the site. From that day on, the slump of each batch of concrete was measured before pouring and as many sample cylinders as possible were cast. Gabriel took the hardened cylinders to be crushed at the Universidad Autónoma Nacional in Tegucigalpa. Compressive strength test methods and results can be found in Appendix A – Technical Documentation under the heading Concrete Compressive Strength Data. Although collecting strength data is an undeniably important part of construction, the data collected on this project are admittedly somewhat redundant since they will not actually be used to make determinations about the concrete for the structure. In future projects, plans should be made to collect and apply meaningful concrete data in the same way it would be for a similar project in the United States.

Another control issue arose when it came time to cure the concrete. For whatever reason, the least understood concept in concreting that the volunteers encountered among the workers was curing. Before the volunteers asked, no provision had been made by either the maestros or Gabriel to procure curing materials such as tarps, burlap, or a reliable source of water. Curing was so unimportant to the workers that the volunteers ended up curing the sedimentation tank floor themselves with only minimal the support of the crew for several days after the pour. The attitude seemed to be that once the mortar or concrete had set no more had to be done to ensure its quality, despite the fact that proper curing is needed to reach acceptable strength and prevent cracking. Although Dan repeatedly encouraged the maestros to cure all of the concrete for as long as possible, they did not take the advice to heart. Virtually none of the structure that could not be ponded was cured continuously, most notably the walls of the sedimentation tanks. Thankfully, the columns, which were cured by being doused with water during the day, were assisted by rainy weather overnight during the week after they were cast. Except for some recognition of the importance of curing, however, the volunteers were unable to change the prevailing attitude.

Despite the experience with curing, the volunteers taught what they new about concrete quality to Elias and Don Juan, the latter of whom became quite interested in the idea. The concepts and methods for taking slump measurements, controlling the w/c, and casting compressive strength cylinders were discussed extensively with them on-site. However, neither man had seen a slump cone before or had thought much about actually metering water carefully into a concrete mix. At first, they were reluctant to use the cone and continued to be lenient about regulating the amount of water added to the batch. Dan often had to insist that less water be used or that a more precise measurement of water be made before adding water to the dry mix. Eventually, both men began to follow the w/c ratio recommended by the ACI mix designs and Don Juan became willing to record the slump of concrete batches when a volunteer was not present.
The volunteer’s intervention undeniably resulted in higher quality concrete than what would have been made had they not been involved. All of the concrete in the structure was produced using the ACI 211 design except for the footers for columns 1, 2, 8 and 9, which were poured before the volunteers recognized the problem. However, the level of control remained still less than ideal due to the lack of worker training, proper equipment for mixing and measuring and institutional oversight. For example, a mixing trough was never brought to the site. Additionally, the actual mix proportions used it the field were rounded to the nearest half of a cubic foot for the aggregates and half of a gallon for water because the vessels used for their measurement were imprecise.
6.1.5 Timeline and Construction Progress
A timeline detailing the work completed during each day of construction can be found in Appendix A – Technical Documentation. It was compiled from field notes and photographs taken of the site during the volunteer’s tenure. The first few days of construction are not included because the volunteer’s arrived shortly after construction began. The timeline continues up until August 14, 2006, the date of the volunteer’s departure.
As of then, the sedimentation tank foundation, columns, eight out of eleven courses of cinderblock, and the platform had been completed (see Figure 6‑2). The major components yet to be built were the grit chamber, chemical dosing platform, horizontal flocculation tank, sedimentation tank gutter and the final three courses of block for the sedimentation and vertical flocculation tanks (see Figure 6‑3). After the heavy construction is completed, the tanks need to be outfitted with baffles, screens and gates. Additionally, the plant needs to be plumbed and the chemical dosing system needs to be set up.
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Figure 6‑2 – Photograph of the construction taken on August 12, three days before the volunteer’s departure. The columns, platform formwork, and reinforcing steel for the platform can be seen in the foreground. The walls of the sedimentation tanks and their protruding vertical reinforcing steel can be seen in the background. The blue wall to the right is the existing water tank. The volunteers left Ojojona as the concrete for the platform was being poured on August 15.
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Figure 6‑3 – View of the water treatment plant with labels indicating the parts yet to be completed as of August 14, 2006. The plumbing had also yet to be completed. The platform itself and all components below it were built before the volunteer’s departure, including the column footers and sedimentation tank foundation which are not pictured (picture from Cannan et. al. 2006).
6.2 La Capacitación – Training of Potential Operators
A significant part of the work we did this summer was developing and delivering a training class for a group of potential operators of the water treatment plant.  We began working on aspects of this training, or capacitación, about halfway through the ten week stay.  Scott Payne and Kelly Kozdras were primarily involved with this effort as Daniel Smith was quite busy with assisting the construction crews.  Kelly and Scott did much of the lesson planning and teaching of the classes and Dan did editing of classroom handouts and occasional instruction of classes when he was available.  

We began preparations for the training by setting up a pilot plant that mimicked, on a very small scale, the operation of the actual water treatment plant.  This pilot plant was constructed by students at Cornell University and brought to Ojojona by them during January 2006 when a class of students visited to meet with the community and begin discussions of the treatment plant.  While working on setting up the pilot plant, we notified the president of the Ojojona Junta de Agua, Martín, that we would be conducting a training class, and would be looking for students of his choosing.  It took about two weeks to determine a location for the pilot plant, get it set up and purchase the required parts and pieces for its operation.  We were then ready to begin training.

Martín had selected eight people to attend the class and receive the training that would begin to prepare them for being future operators of the treatment plant.  This included three plumbers who were already on staff with the Junta, Mario, Alexis, and Juan; Martín himself, APP engineer Gabriel Lopez, the in-office secretary of the Junta, Julia Matute; the recording secretary of the Junta, Nubia Casco; and one of the manual laborers of the treatment plant, Héctor Castillo.  We held classes daily except Sundays beginning on Thursday, July 27 and ending Saturday, August 12. Each day had a different activity, and took an average of about one and a half hours to complete.  We had between three to all eight people attending on any given day, so occasionally we had to backtrack and review concepts or methods from previous days.  

At the beginning of the summer, before we were clear how much of the treatment plant would be completed, our goal was to do a full training of the operators so that they could operate the plant by themselves.  When it became clear that construction would not complete before we had to leave, we adjusted our goal to instead provide a basic foundation of the main concepts of the plant and the type of testing equipment they would be using.  It is possible that if we had begun this training earlier in the summer we may have been able to cover the subjects in slightly more depth.  However, we were satisfied with the range of subjects covered given our limitation of having no actual plant to use for demonstration and training.  

Scott and Kelly made handouts during the day to explain the lessons that were taught in the afternoon.  These handouts were in Spanish, and included basic descriptions of the concepts, photos, and diagrams of the lesson.  They were similar to an elementary or high school level text book in format.  Some lesson plans took more then one day to complete based on either the difficulty of the material, or the number of students who had attended the previous class session. The handouts were given to all students, and both electronic and paper copies were left at the Junta for future reference.    
The full text of the training materials can be seen in Appendix A – Technical Documentation, Capacitación Documents. The following is an outline of the subjects covered:
· Introduction:  A brief introduction to both the pilot plant and the subjects that would be covered in the class was given.  In order to peak interest, some discussion of the health importance of clean water was discussed.  A demonstration was also done to indicate how much better chlorine treatment works in clarified water.

· Mass:  Using a balance to measure mass was the topic of another lesson plan.  After learning to use the balance, the students used their measured quantity to make a stock solution of the treatment chemical.

·  Measuring Flow:  The students used a stop watch and water receptacle to measure the flow rate of both the chemical dosing input holes and the output of the plant.  They also performed calculations to convert their measurements to units of L/min.  

· pH:  A demonstration with items of varying pH (e.g. pineapple, purified water, soap) was presented to teach the pH scale.  The students were instructed in and used a pH meter, and learned the importance of regular pH measurements as part of the operation of the plant.

· Jar Test:  The students performed an entire bottle-roll style jar test and recorded their data.  As part of this exercise, they were instructed in the use of the turbidity meter, and took measurements before and after the test as part of the lesson.  

· Parts of the Plant:  All parts of the pilot plant were described, students were required to label and identify them, and the purpose of each piece of equipment was discussed.  A trip to the construction site of the new plant was also conducted to point out the future location of the various parts of the plant.  A diagram was given comparing the parts of the pilot plant to that of the actual plant.  

· Calculating Dose:  Finally, the students learned that they could calculate the proper dose of chemical for the treatment plant using the results of their jar test.  They were given both a table with the doses indicated and a handout with step-by-step instructions for performing the calculation by hand.  

We found that the training was moderately successful in relation to our goal of providing basic training.  The education level of our students (with the exception of Gabriel López) was not very high, so we sought to teach at a level that most students could understand without diluting the material to irrelevance. When necessary, we repeatedly reviewed difficult concepts, and by the final class we felt that a core of the group of students besides Gabriel - Héctor Castillo, Martín González and Alexis the Plumber - understood most or all the concepts presented and showed outstanding enthusiasm compared with the other students. For this final class, we gave a “final exam” which stressed practice with all the testing and instruments used during the training.  The exam gave us a fair amount of confidence in the abilities of Martín, Alexis, and Héctor (the only three students who chose to attend) to practice the material.  We recommend that training continue for an extended period of time once the plant is completed. As of the end of the capacitación, these three students have a good foundation towards being able to technically operate the plant.   

6.3 Visit to La 34

During our last week in Honduras, APP arranged an educational trip to La 34, the community where last year’s SEED Honduras volunteers built a water treatment plant similar to the one in Ojojona. Kelly and Scott accompanied Gabriel, Martin, Alexis, Nubia, and Héctor on the overnight excursion between August 10 and 11 (see Figure 6‑4). The goals of the trip were to check up on the plant and make sure things were running smoothly, to expose the Ojojonans to a similar water treatment plant, and to communicate with the plant operators and administrators of La 34.

In short, what we found was not pretty. To begin with the La 34 treatment plant had not received any follow-up attention from American or Honduran organizations. Operationally, although water was running through the system, alum had not been added for the three weeks before we arrived, so the system was only providing some sedimentation of foreign particles without any flocculation. The Junta explained the lapse by saying that it had run out of alum and it did not know where to get any closer than Tegucigalpa. Furthermore, the current operator, who worked with the SEED volunteers last summer, did not show a command of the important concepts governing the plant’s operation. For example, it was not clear whether he knew how to do a jar test, and, from what we gathered, he operated the plant by simply guessing an increased alum dose when it rained. He was capable of doing his job, but he was not using the treatment plant in the most efficient way possible. He also did not seem to be trained well enough to be able to teach others to do the job well when he leaves.

Not only did we find the operational aspect of the plant in dubious conditions, but the political situation was not favorable either. The political system in Honduras is set up so that every job in a given public organization can change at the same time every four years. This happened in La 34 as a result of the past year’s election, so the current Junta de Agua is completely different than the one that was in place last summer. This is a problem because the current leaders were not part of the construction process, and actually never even met the 2005 SEED volunteers. 
Community awareness has also been a problem. The new Junta raised the monthly water tariff in June to pay for alum, but this simply angered most of the people in town because of lack of awareness about the water treatment plant.

Although the La 34 trip was a bit of a disappointment concerning its current operational situation, it was a valuable learning experience for both the SEED volunteers and the Junta representatives from Ojojona. We learned that it was not enough to simply build the treatment plant and then leave the community up to its own devices. Follow-up and training are extremely important components of having sustainable water treatment. Ideally, someone should come back to Ojojona and re-train the operators periodically to reinforce important concepts. If locals in the community have a good understanding of the operation and maintenance of the plant they will be able to teach the concepts to others without outside intervention, allowing the community to withstand setbacks like a change in administration.

As a result of our experiences in Ojojona and the visit to La 34 we recommend that no new plants be built until substantial follow-up efforts have been carried out at both communities. In La 34, a training session similar to the capacitación in Ojojona would be ideal. A pilot plant would also be useful for demonstration and experimentation, as well as to build public awareness. It would help to donate at least a turbidimeter to La 34 so that the operator can monitor input and output turbidity levels and approach water treatment scientifically rather than with an educated guess. Physically, several of the baffles should be repaired and/or replaced, and the process of cleaning the sedimentation tanks should be investigated so that the plant can run more efficiency. In Ojojona, concepts taught this summer should be continually reinforced, and the operation of the plant should be monitored to see if any unexpected problems or maintenance issues come up.

We also learned that there needs to be a better oversight system within Honduras. When the Honduras Water Project started, the original plan was for AHJASA to provide technical assistance and supply alum to communities with treatment plants. For a series of reasons, AHJASA was unable to fulfill that role. The result was that La 34 was left completely on its own. A community being left without clean water, especially after such an investment of time and energy, is unacceptable.The issue needs to be corrected for La 34 and prevented in Ojojona.

Despite the setbacks La 34 has experienced, a promising aspect of the trip was the change in attitude the representatives from Ojojona underwent. For the first time, Martín and his colleagues from the Junta realized the amount of work and education that was going to be necessary in order for their plant to work. They saw that progress had stalled in La 34 and decided that things should be different in Ojojona. Although the trip fell within our last week in Honduras, they recognized that there was much left work to be done, and they eagerly await the arrival of the next volunteer.

[image: image5.jpg]



Figure 6‑4 – The participants in the visit to the La 34 treatment plant, August 10-11, with the plant’s sedimentation tank and commemorative plaque in the background. From left to right: Héctor Castillo, Gabriel López, Alexis the plumber, Nubia Casco, Martín González, Kelly Kozdras, and José, the La 34 resident responsible for the plant’s operation.
6.4 Water Data Collection and Analysis
For about three weeks during our stay in Ojojona, we took daily turbidity and pH measurements of the three water sources feeding the Payaguagre water distribution system. A sketch map of the sources and their relation to distribution Tank 4 can be found in Figure 1.4 of Cannan et. al. We also recorded data from all the jar tests that we or our classes performed and data taken from pilot plant runs.  These data can be found in Appendix A – Technical Documentation, Raw Water, Jar Test, and Pilot Plant Data. All jar tests were performed using the rolling-bottle Jar Test Procedure for the Field recommended in Chapter 5 of Cannan et. al. The pilot plant was operated as described in Chapter 6 of the same document. The equipment used was an HF Scientific Micro TPW Portable Turbidimeter and a Cole-Parmer pHTestr BNC 10 pH meter.
When we arrived in Ojojona, we expected that we would need to add a pH correction system using sodium carbonate to the water treatment plant. The purpose of this would be to increase the pH of the effluent water from 6 to about 7.5 because aluminum sulfate usually functions best as a coagulant when the effluent water is in the 6.5-8.5 range (Tchobanoglous and Schroeder 1987). It was expected that adjusting the pH would increase the efficiency of turbidity removal. However, repeated experiments proved that pH adjustment for the source water actually decreased the effectiveness of alum. The reason for this is unknown, but after some research by AguaClara leader Monroe Weber-Shirk, the best guess is that the high organic content of the source water causes a decrease in the pH needed for alum to function. This was good news, because the hassle of installing the pH adjustment and teaching it in classes would have complicated the operation of the treatment plant significantly. We instructed the Junta to continue taking readings of influent pH to see if pH correction is needed in different times of the year.

We ran three tests of the pilot plant to attempt to simulate how the large-scale water treatment plant would eventually function. We were able to achieve about a 70% reduction in turbidity, often with drinking quality effluent. The operation of the pilot plant was complicated by the fact that the health center in which it we set it up was at the very end of the Payaguagre distribution system. In essence, this means that the flow rate of the pilot plant was dictated by how much water was left in the pipes. For example, if several houses uphill from us were filling their pilas at the same time we would lose pressure. The erratic flow rate probably inhibited the pilot plant from operating at full efficiency, because alum dose was constantly changing. When the real plant is built, this intense fluctuation should be less of an issue, because the influent water will be coming directly from the source. The pilot plant data also shows that there was a lag time in starting up. In other words, it became more efficient at removing turbidity over the first few hours of operation each time it was turned on. This is an encouraging result because it suggests that our pilot plant results overstate what would be seen if the plant were to be run for several hours.
7 Required Resources
Below is an estimate of resources used during the summer of 2006.  Please note that design, and initial field implementation of this project were done during the fall of 2005 and spring of 2006.  For further details of the resources required for these initial stages please refer to Cannan et. al. and Ted Segal’s ESW report.

Financial resources for construction were provided by three main groups for the work this summer:  ESW, IRWA, the Ojojona Junta de Agua, and the SEED volunteers of summer 2006.  ESW and IRWA provided approximately $25,000 dollars to date to pay for most of the materials, the salary of the construction foremen, and the services of APP.  More money than this will be required by these groups to finish off the construction. As of August 7, APP estimated that $3000 were needed to finish construction and another $5000 were needed for chemicals, engineering supervision, training, and follow up for the next year (Weber-Shirk 2006).
To date, the Junta de Agua has spent approximately $1850 on labor, some materials, and transport of some of the materials to the site according to personal communication with the Junta’s secretary, Julia Matute. The three SEED volunteers each spent approximately $3000 for their summer positions, or about $9000 in total, not including the extra unseen expenses of the SEED program covered by ESW. APP has records of purchases of materials and other expenditures made from the donated money it received for the project.
The human resources needs for the project included a wide array of skills and people. There were, of course, three ESW SEED volunteers in Honduras to assist full time with construction and training.  Gabriel Lopez of Agua Para el Pueblo came to the construction site approximately one to two times per week for a couple hours each time in order to check on progress.  The last few weeks of the summer he came to Ojojona slightly more frequently to attend the training classes.  He also spent (an unknown amount of) time acquiring materials, bringing them to Ojojona, and assisting with bringing them up to the site.  His contribution and presence was expected to expand after the SEED volunteers left in order to complete the construction of the plant.  Martín González spent an unknown amount of time coordinating and materials and labor of the construction, which also will continue until the completion of the project.  One foreman, Elias Nuñez, was hired to oversee construction for the entire duration of the project.  Don Juan began working one week later than Elias.  For the first two weeks of construction, two to three unskilled laborers were available on site.  After this, an average of six laborers were working each day, with up to twelve on days when of extra heavy work load such as with concrete pouring.  Edward Segal provided much assistance throughout the summer with completing design drawings, and fielding questions related to these drawings.  Finally, Monroe Weber-Shirk also provided much guidance both technical and project management related on all aspects of the project.
Once construction is complete, additional resources of all types will be needed to provide the plant operators with further training, to troubleshoot any problems that may exist with the plant, and in general to bring the plant to full operation.  This will certainly require input from the key players – Monroe, APP, and the Junta de Agua.  However, we recommend that another volunteer be on-site in Ojojona as soon and as long as possible.
8 Evaluation & Going Forward

8.1 Metrics of Evaluation

At the inception of work for Ojojona, treating the water to consistently remain below 5 nephelometric turbidity units (NTU) was proposed as the project goal. Although conceptually simple, achieving such a goal not only requires sound technical solutions, but a host of organizational, financial, cultural, and educational challenges that are often too subtle to easily perceive. However difficult it would be to document each aspect of this project for its evaluation, having reliable turbidity data from both the treatment plant influent and effluent could serve as an indicator for all the unknowable complexities that comprise the project. It would not only indicate how well the plant was physically performing, but it would also point to the quality of the organization behind its operation. If any data is to be compiled as part of a future evaluation, a time series of inlet and outlet turbidity from the plant should top the list.

That being said, other information should also be collected to evaluate the institutional organization and operation of Ojojona’s water treatment plant. Other water parameters of import include residual chlorine at the distribution tank and taps in town as well as total and fecal coliform counts (TC/FC). A financial study should also be undertaken to assess whether the Junta de Agua can indeed sustain the investment independently and a comparison of medical records of before and after the installation of the plant could ascertain if its operation indeed reduces waterborne disease.

Also of great importance, but out of the scope of the summer volunteers, is an evaluation the distribution system that the water treatment plant is to serve. It is more than likely that the system was constructed ad hoc and without proper practices. Furthermore, the Junta rations water on a daily basis, meaning that half of the served population does not receive water at their taps each day. If such problems such as leaks, contamination by suction, and wastage of water occur due to problems with the distribution system, the addition of the treatment plant will not be the silver bullet that people hope it will be. Investigating the distribution system and chlorination practices, therefore, is essential to making the water treatment plant a successful investment.

Aside from the information that has to wait until the plant is operational to be collected, the following can be used to evaluate the planning and construction phases of the project:
· In-situ strength testing of the treatment plant structure

· Financial assessment – account for all funds spent and identify how they can be more efficiently used

· Discussion between all groups involved to identify the satisfaction of each with the process used to develop the project

While the turbidity, TC/FC, and chlorine data are relatively easy to take in theory, their collection would comprise a whole new project for volunteers. Currently, however, the Junta de Agua is in possession of a hand-held turbidimeter and several chlorine test kits. It has the capability, if the motivation exists, to collect time-series turbidity and chlorine data, although it is not known if the Junta plans to take the data on a consistent basis. The volunteers believe that continued participation by AguaClara, IRWA, and ESW are absolutely necessary to give this project a chance at sustainability.
8.2 Potential Unintended Negative Side Effects

The potential for negative side effects of the implementation of this project is fairly low. In effect, it would be virtually impossible to worsen the condition of the water due to the plant’s failure. Perhaps the most ominous side effect would be the simple failure of the project to be sustainable. The result would be years of wasted effort and money from all organizations involved, be them American and Honduran, local or international. The psychological impact of a failed development intervention also has the potential to limit the community’s receptiveness to future development projects.

8.3 Strengths and Weaknesses of the Project
	Strengths
	Weaknesses

	· Ojojona has a strong Junta de Agua, including an enthusiastic president who is a good leader and will do much to keep the project going.
	· Ojojona has water with relatively low turbidity for a decent portion of the year, and so another community in Honduras could potentially have been selected with greater need. 

	· The design of the water treatment plant was largely completed before ESW volunteers were in Honduras this summer which allowed work to begin quickly.
	· APP has not been as involved as the SEED volunteers would like.  Upon our leaving Honduras, we had some concern about the ability of APP to continue the construction to the high level that it had been up to that point.  

	· Those in the community who know of the project consider it to be important.
	· Two of the SEED volunteers spent the first few weeks of the summer slightly underutilized until realizing there was a pilot plant that could be set-up to begin training.  Some further instruction and information given to them before departing for Honduras might have guaranteed more immediate contribution.  

	· 
	· Ojojona has two distribution systems, only on of which will be served by the current project, a dynamic which has caused and will continue to cause political headaches for the Junta de Agua


8.4 Replication Potential
The water treatment plant in Ojojona is most certainly a technology and design that could, and likely will be replicated in other parts of Honduras.  A major goal of the project was to integrate APP and the American organizations as much as possible so that APP itself, with the assistance of AguaClara, may be able to lead similar projects all over Honduras.
As part of this, it is recommended that fine tuning of the plant design continue so that the plant can improve with each new potential installation into a community.  One way of doing this would be to perform a battery of tests on the completed treatment plant in Ojojona to ascertain some of its treatment abilities, as well as its structural strength.  A follow-up volunteer to complete these tasks would go a long way to improve these designs for any future use.  
8.5 Innovation
Gravity fed water systems and treatment plants exist in many parts of the world.  The aspects of this design which are innovative have to do with the flocculation processes, sedimentation tanks, plant layout, and organizational structure:
· A horizontal flocculation tank was used in La 34, but vertical design has the potential to save space. A vertical flocculation tank was added to the Ojojona design to test its constructability and function.  If it proves successful, it could be a great way to save space in future designs.  
· As related to the sedimentation tanks, three small tanks were used rather than one large one to allow for comparative testing. Furthermore, the tanks are intended to use a system of upflow plate settlers instead of conventional sedimentation.  

· The plant layout is completely unique because it had to accommodate the multiple flocculation and sedimentation tanks.

· This is the first, and will probably be the only, collaboration between the partner organizations in the format explained in Partner Organizations and Their Roles in the Project. Therefore, the entire organization, fund raising, and execution have been innovative by necessity
8.6 Sustainability
A variety of efforts have been made to ensure the sustainability of this project in Ojojona and make it a model for other treatment plants throughout Honduras.  One of the more important elements was the development of a strong relationship with the Ojojona Junta.  We made efforts to include them in all aspects of the construction and training and to impart as much of our information to them as possible.  The result was much enthusiasm on the part of some of the member of the board and employees of the Junta.  We also attempted to have a similar involvement by APP, as it has the potential to carry on similar projects throughout Honduras.  Local workers were used to minimize the feeling that this was a project being “given” to the community by foreigners.  As described in The Capacitación – Training of Potential Operators, a huge effort was made to train potential operators and expose them to the previous project in La 34.    
9 Conclusion

Although our day-to-day participation in the Payaguagre water treatment project ended with our departure in August, the work for Ojojona continues. While Elias and Don Juan move construction along on-site under the darkening skies of the rainy season and the supervision of Gabriel, Jacobo and Monroe maintain their international correspondence concerning the direction of the project by internet phone. The workers ascend the hill at seven o’clock every morning to lay cinderblock while their counterparts of commensurate age in the engineering program at Cornell struggle with design concepts until late in the evening. Mentioning these aspects of the project accentuates its incredible scope; whether intended or not, the drive toward achieving the goal of clear water for this community has united a diverse cast of characters from different nationalities, cultures, and social classes. And despite the myriad of frustrations we have described in the body of this document – the delays in construction, difficulties in communication, and shortcomings in education to just name a few – to have even arrived at the point in the project at which we find ourselves should be considered nothing short of an outstanding achievement.

What remains to be done, however, constitutes no less of challenge than those which have already been overcome. Now, with construction coming to a close, the details of the plant’s operation and its organization will become the primary needs of the project. And furthermore, the American influence has diminished, leaving virtually everything to the Junta and APP. But while it may feel uncomfortably premature for us to leave the project in its current unfinished state, it is quite likely that it will turn out to be beneficial for its sustainability: now those who would own it forever are unequivocally in charge of their own destiny.
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11 Appendix A – Technical Documentation

11.1 CONVENIO DE COOPERACION PARA EL DESARROLLO DEL PROYECTO DE CONSTRUCCION DE LA PLANTA DE TRATAMIENTO DE LA FUENTE DE PARAGUAGRE DE OJOJONA, FRANCISCO MORAZAN
Nosotros, Monroe Weber-Shirk en representación de Ingenieros para un Mundo Sostenible ESW y la Universidad de Cornell, Fred Stottlemyer en representación de la Asociación Nacional Rural de Agua NRWA de los Estados Unidos, Jacobo Núñez en la condición de representante legal de Agua Para El Pueblo –APP,  el Señor José Armando García Andino en su calidad de Alcalde Municipal y en representación de la Corporación del Municipio de Ojojona, F. M. y el Señor José Martín Gonzáles Valladares en su condición de Presidente de la Junta de Agua del Sistema de Ojojona y de conformidad con los objetivos institucionales de las partes de coadyuvar al mejoramiento de la calidad de vida del ser humano. Por este medio nos comprometemos a colaborar con el desarrollo construcción e implementación del funcionamiento de una planta de tratamiento del abastecimiento de agua proveniente de la fuente Paraguagre, dadas las condiciones de mala calidad que la misma presenta. 

Habiendo discutido previamente la forma de cooperación de cada una de las partes y estando todos de acuerdo de realizar el proyecto en forma conjunta firmamos el presente Convenio de cooperación bajo las siguientes cláusulas:

Primera: Ingenieros para un Mundo Sostenible - ESW y la Nacional Rural Water Asociation NRWA de los Estados Unidos de Norte América  por este medio se comprometen a patrocinar o financiar todos los costos externos que se refieren a materiales no locales incluyendo químicos para el primer año de operación, un mediador portátil de turbidez, y un mediador portátil de pH. Ellos proveerán asistencia técnica de Ingeniería y Supervisión para la construcción de una planta de tratamiento para la fuente Paraguagre que suministra agua para el Pueblo de Ojojona, F. M., proporcionarán un manual de operación y mantenimiento de la planta , y capacitarán entre tres y seis personas de la Comunidad en el manejo de la Planta.
Segunda: APP por este medio se compromete a colaborar con el desarrollo del proyecto de la siguiente manera:

1. Coordinar la construcción de la obra física  de la planta de tratamiento de acuerdo con el diseño proporcionado por la Universidad de Cornell a través del Ingeniero Eduardo Seagal.

2. Dirección Técnica de la construcción del proyecto

3. Supervisión e Ingeniería 

4. Suministro y transporte de los materiales de construcción con el financiamiento provisto por Ingenieros para un Mundo Sostenible - ESW y la Nacional Rural Water Asociation NRWA de los Estados Unidos de Norte América.

5. Contratación y pago de la mano de obra calificada con el financiamiento arriba indicado.

6. Asegurar que la Junta de Agua y la Corporación Municipal contaran con un manual de operación y mantenimiento de la Planta de Tratamiento.

7. Dar el seguimiento necesario dentro de un tiempo prudencial como máximo un año para asegurar que la Planta funcione en la forma como ha sido planificada.

8. Asistir a las reuniones de coordinación que la construcción requiera para asegurar el éxito del proyecto.

Tercera: La Corporación Municipal, cooperara con el proyecto de la siguiente manera:

1. Legalización del predio de la fuente de agua y del sitio en donde se construirá la planta de tratamiento comprometiéndose a delimitar un área no menor de una manzana.

2. Construir un cerco perimetral de alambre de púas suficientemente alto  para proteger las instalaciones. (Materiales aportados por la  Municipalidad)

3. Aportación de los materiales locales tales como arena, grava, piedra y madera.

4. Contribuir con todas las contrapartes firmantes en cualquier apoyo que sea solicitado para el éxito del proyecto.

Cuarta: La Junta Administradora del Sistema de Agua de Ojojona contribuirá con el desarrollo del proyecto de la siguiente manera:

1. Promover la participación comunitaria para aportar la mano de obra no calificada y organizar los grupos de trabajo (mano de obra no calificada) asegurando que nunca falte la mano de obra no calificada para evitar atrasos.

2. Proveer una Bodega y la vigilancia para la seguridad de los materiales del proyecto.

3. Asignar una persona responsable ante el Ingeniero de la Universidad de Cornell y el Ingeniero de APP para seguir las instrucciones que la construcción del proyecto requiera.

4. Después de que hayan finalizado los insumos químicos suministrados por la Nacional Water Rural Asociation- NWRA y los Ingenieros para un Mundo Sostenible-ESW, hacer las previsiones presupuestarias para obtener los insumos necesarios para el funcionamiento de la Planta de tratamiento. (revisión y actualización de la cuota del servicio de agua)

5. Atender a los Ingenieros en todas sus recomendaciones o instrucciones sobre la construcción o funcionamiento de la Planta.

6. Asistir como Junta a las capacitaciones sobre el funcionamiento de la planta.

7. Asegurar la participación de por lo menos tres mujeres en la capacitacion sobre la operación y mantenimiento de la planta.

8. Nombrar una persona responsable del manejo de la planta y preparar informes técnicos en forma semanal requeridos por Cornell y enviarlos a APP y a Cornell.

Quinta: Cornell, ESW, NRWA, La Corporación Municipal, la Junta de Agua y APP aseguran estar de acuerdo con todos los compromisos aquí establecidos y se comprometen a resolver cualquier problema que en el transcurso de la ejecución del proyecto se suscitare y que amenazare con poner en peligro la buena marcha del proyecto. En caso de presentarse imposibilidad de la ejecución por algún problema que impida el desarrollo del proyecto APP levantara un acta con la presencia del Alcalde Municipal y la Junta de Agua para la suspensión definitiva del proyecto.

Todas las partes estamos de acuerdo con lo establecido en este convenio y firmamos en cuadruplicado para constancia  en Ojojona, Francisco Morazán a los      días del mes de Mayo del 2006.

Monroe Weber-Shirk



Fred Stottelmyer

ESW y La Universidad de Cornell

NRWA

Jacobo Núñez
          



 José Armando García Andino



APP





AlcaldeMunicipal,Ojojona,F.M.,                                 

José Martín Gonzáles

Presidente

Junta Administradora de Agua, Ojojona, F. M.

11.2 Construction Timeline
	Date
	Work Completed
	Other Notes

	6/9
	Levels taken and wood frame placed around the sedimentation tank floor. Sedimentation tank foundation excavation begun. 
	This was the first day that the volunteer’s recorded notes. The frame levels and site clearing had been underway for a few days before this.

	6/12
	Sed tank excavation nearly completed.
	Rainy weather contributed to difficulty moving the saturated mud of the excavation site.

	6/13
	Excavation completed and foundation begun by filling in with rock.
	The volunteers realized that the excavation had been dug too deep due to a misinterpretation of the plan resulting in the need to backfill with solid rock

	6/14
	Nearly completed back filling of the excavation up to the level of the bottom of the sed tank foundation slab.
	

	6/15
	Completed backfilling with rock. Tarp raised over foundation. Began pouring mortar into rock foundation.
	

	6/16
	Continued filling in rock with mortar.
	Since no road to the site existed at this time, the workers had to haul materials by hand to the site, which slowed construction and contributed to worker dissatisfaction.

	6/17
	Finished pouring mortar in about 7/8 of the foundation.
	

	6/20
	Laid the rebar mat for the sed tank slab over the filled in rock foundation. Raised formwork for the slab. Began tying in bent rebar pieces to support the walls.
	Jacobo decided to fund the opening of a track to that a truck could reach the site to facilitate materials delivery. The elbow-pieces were placed incorrectly at first when volunteers were not on-site, and their positions had to be corrected.

	6/21
	Continued tying bent rebar into the foundation mat. Positioned the excavation for columns 4-9 and began excavation of the footers for those columns. 
	

	6/22
	Finished tying all bent rebar pieces into the foundation mat. Finished excavation footer for column 9. Continued excavation of footers for columns 4-8.
	The columns that support the long side of the treatment plant platform are situated on ground that is solid rock. The difficulty to excavate such material contributed to the exaggerated amount of time it took to complete the column footer excavations.

	6/23
	Finished excavating footer of column 8. Laid out the positions for columns 1-3 and began excavation. 
	

	6/28
	Continued to haul materials by hand and dig column footer foundations.
	Dan was sick between 6/23 and 6/28 and on 6/29, hence the lack of notes.

	6/30
	Inserted pre-tied rebar for the columns into the footers for columns 1, 8, and 9. Opened a route for a truck to reach the site with hand tools.
	The column rebar was assembled with 6 vertical pieces of #4 rebar instead of the 4 #6 that the design called for. Gabriel authorized the change because he could not find #6 rebar for sale and figured that 6 of the thinner rebar was enough to compensate for 4 of the thicker stuff. Ted insisted that another 2 vertical pieces for a total of 8 be inserted before the column itself was poured.

	7/1
	Inserted pre-tied rebar for column 2. Poured concrete for footers for columns 1, 2, 8 and 9. Began curing these footers.
	The concrete mixer that had been brought to the site did not work, and so the concrete was mixed by hand. The concrete mix used by the workers for these column footers was scrutinized and improved for all subsequent concreting (see the Concrete section).

	7/3
	Set up column rebar and poured the footers for the remaining columns (3-7) using concrete mix designed according to ACI’s Committee 211 (see Implementation of Technology, Concrete). The first big truck was able to reach the site.
	Keeping the footers cured was challenging for two reasons: 1) not much water was available from the tap that was available on site and 2) the workers were not concerned about keeping the concrete as wet as possible for as long as possible.

	7/4
	Made preparations for pouring the sed tank floor slab the following day, including obtaining a functioning vibrator.
	

	7/5
	Poured the concrete for the sed floor slab.
	Used 105 bags of cement and 19 hand-mixed batches. Vibrator arrived and was used after finishing about ¼ of the slab which was consolidated by hand.

	7/6
	Cured sed floor, cut and set up sed tank wall vertical rebar, concrete mixer taken away from the site to be repaired.
	Gabriel brought a slump cone and two 6x12” cylinders for taking compressive strength samples to the site.

	7/7
	All rebar for the first several courses of blocks tied in, cured the foundation, set up bandarines (wooden posts used for making level masonry walls), and moved the pile of dirt from the sed floor excavation away from the site.
	

	7/8
	Placed all but five blocks of the 1st course of cinder block for the sed tank walls.
	Realized that the cinder blocks were not the same size as the design presumed, which meant that the spacing of the vertical rebar in the sed tank walls did not fall correctly into the block’s spaces. This required that many of the blocks would have to be cut to be able to accommodate the vertical rebar in the walls. Also, the horizontal rebar the in the walls that the design called for required that the blocks be cut since they were not the “knock-out blocks” the design called for.

	7/10
	Placed about 1/2 of the blocks for the first course of the walls.
	Many of the blocks had to have the ends busted out for the reasons described above. Since it had to be done by hand with chisels or masonry trowels, it resulted in significant wastage of block.

	7/11
	Finished entire 1st course of blocks. Obtained a power grinder, abrasive disks and generator to cut the blocks.
	Each of the abrasive disks only cut about 15 blocks before wearing out. The generator broke down.

	7/12
	Fixed the grinder by the afternoon and cut the notches for the horizontal rebar in the 1st course of block. Cut rebar for the upcoming stages of construction.
	

	7/14
	Finished laying block for the 2nd course of blocks in the sed tank wall.
	Since there was no working generator on site, so most of the modifications to the 2nd course block was done by hand.

	7/15
	Filled 1st two rows of block with concrete. Added two pieces of vertical rebar to each column.
	

	7/16
	Began laying 3rd course of blocks. 
	A new generator was delivered along with a diamond tipped blade for the grinder.

	7/17
	Finished laying and filling 3rd course of block.
	Realized that a smaller large aggregate size was needed for filling the walls that what had been delivered to the site. Ordered some 3/8” nominal maximum size gravel from Gabriel.

	7/18
	Finished laying 4th course of block.
	

	7/19
	Placed scaffolding inside tanks, tied in more vertical wall rebar, raised tarp covering the construction to allow the walls to continue rising.
	A machine at the gravel plant broke, delaying the shipment of smaller gravel.

	7/20
	
	Visited the APP office in Tegucigalpa – no field notes or photographs.

	7/21
	Positioned the formwork for the columns and added vertical rebar to the sed tank walls.
	

	7/22
	Positioned the formwork for the colums and cut the column rebar to the correct height. Placed 5th course of block.
	

	7/25
	Filled the 4th and 5th courses of wall block with concrete. Raised column forwork.
	

	7/26
	Placed 6th row of blocks.
	The plan was to pour the columns on this day, but the vibrator broke down so they could not be poured.

	7/27
	Poured all columns.
	The vibrator worked for the very first column poured, but then broke down, necessitating the use of higher slump concrete so that it could be consolidated by hand.

	7/28
	Placed 7th row of block in sed tank walls.
	

	7/29
	Filled 7th row of block and placed 8th row.
	

	7/31
	Removed wood from columns and began building the formwork for the platform.
	

	8/1
	Filled in column footer holes, removed wood from the sed tank floor foundation, and finished the underside of the form for the long beam. Also received a load of newly cut wood for the forms.
	

	8/2
	Completed form for the underside of the short beam. Began on the form for the small section of the platform.
	

	8/3
	Continued building the formwork for the platform. Made hole in the vertical flocculation tank wall for the entrance pipe.
	

	8/4
	Placed rebar for the short beam. Completed placing all of the lower rebar for the long beam and the upper rebar between columns 1, 2 and 3.
	

	8/5
	Completed the rebar for the long beam. Built the formwork for the outside of the long beam.
	

	8/7
	Hauled wood to deliver to the site by truck. Finished the details of the beam rebar and vertical floc tank entrance. Set up forms for the platform on the inside of the sed and vertical floc tanks. 
	

	8/8 
	Continued constructing formwork for the platform.
	

	8/9
	Completed the platform formwork.
	

	8/10
	Cut, placed and tied rebar for the platform.
	

	8/11
	Completed placing virtually all of the rebar in the platform except that which protrudes up into the elevated tanks.
	

	8/12
	Inserted extra shear stirrups into the long beam. Placed vertical rebar for the grit chamber.
	The night before, an email from Ted Segal was received in which he urged the retrofitting of the long beam rebar assembly with additional shear stirrups. Their insertion took most of this Saturday’s half day of work.

	8/13
	Placed the vertical rebar in the platform for the elevated tanks and chemical platform. Inserted tubing into the platform. Prepared the platform rebar assembly for pouring such that it had the proper cover between the forms and the metal.
	

	8/14
	Poured the concrete for the platform.
	Volunteers departed Ojojona at approximately 11:00 am as the concreting operation was beginning.


11.3 Concrete Compressive Strength Data 
Will be added when it becomes available from APP.

11.4 Capacitación Documents

The following cover page, six sections, review sheet, exam outline, and alum dosing chart were presented to the students of the capacitación as their primary course materials.
11.4.1 Cover Page
La Capacitación de Tratamiento de Agua
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Ojojona, Francisco Morazán, Honduras
27 de Julio - 12 de Agosto, 2006
Presentado para:

La Junta de Agua, Ojojona

Presentado por:
Voluntarios, 

Ingenieros para un Mundo Sostenible
Kelly Kozdras

Scott Payne

Daniel Smith
11.4.2 Sección 1 – Introducción de la planta maqueta

Esquema de la planta maqueta
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¿Por qué tratar el agua?

· El beber el agua cruda causa varias enfermedades, incluso la diarrea, el cólera, y enfermedades parasíticas.

· El cloro no es tan efectivo en purificar agua de alta turbidez como la de baja turbidez. Por eso, es clave remover la turbidez del agua antes de tratarla con cloro. 




¿Cuáles son las metas de la capacitación?

· Entender las varias partes de la planta maqueta y sus funciones, y también entender la importancia de los procesos de tratamiento 

· Entender el uso del equipo para operar la planta y probar el agua

· Operar la planta maqueta para que limpie el agua de la llave sacando la turbidez

· Aplicar el conocimiento del manejo de la planta maqueta a él de la verdadera planta de Payaguagre

11.4.3 Sección 2 – Las medidas y su equipo: el caudal, la turbidez, y la masa

Las metas de hoy

1) Medir verazmente el caudal de la planta maqueta y el tubo de dosificación

2) Usar la técnica adecuada para medir la turbidez

3) Medir la masa de sulfato de aluminio usando la balanza

El caudal
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La turbidez
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Medir la turbidez

· Seguir las instrucciones de la tabla dentro del cajón del mediador de turbidez

· Acordarse de:

· Nunca jamás tocar el vidrio en medio de la cubeta, sólo tocar la tapadera y el fondo.

· Secarle las gotas de agua con papel antes de medir la turbidez

La masa
Usar la balanza adecuadamente para medir varias cantidades de sulfato de aluminio
· Acordarse de:

· Entender el límite de la balanza – no le ponga demasiado peso

· Siempre usar una pieza de papel bien plegado para poder transferir el químico a otro lugar sin perder ni un grano

· Después de poner el papel en la balanza, presionar el botón “Zero” para cancelar su peso.  No medir el peso del papel junto con el peso del químico 

· Siempre cerrar la bolsa o cajón de almacenamiento de químicos después de sacar la muestra
11.4.4 Sección 3- Hacer una solución de sulfato de aluminio y una prueba de jarra 


¿Qué es una prueba de jarra?

· Una prueba de jarra es una versión pequeña de los procesos que constituyen una planta de tratamiento de agua: el agregado de químicos, la mezcla rápida, la floculación, y la sedimentación.

Las etapas de la prueba de jarra

1) Crear un solución de 10 gramos por litro (g/L) según las instrucciones en “Las etapas de hacer una solución de químicos” en la página 4.

2) Llenar 5 botellas de un litro completamente de agua de probar.

3) Llenar otra botella de agua de probar.  Con ella, probar la turbidez y anotarla.  Esta agua se usa sólo para probar la turbidez antes de la prueba de jarra - no volverá a ocuparla.  

4) Escoger 5 concentraciones de sulfato de aluminio para la prueba. Deben ser entre el rango de 20 a 70 miligramos por litro (mg/L). Poner etiquetas a cada botella según la dosificación (ver Imagen 1). 
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Imagen 1 - Las botellas de la prueba con etiquetas

5) Calcular la cantidad de la solución de sulfato de aluminio que se necesita para obtener la concentración correcta en cada botella. Por ejemplo, para obtener 20 mg/L de sulfato de aluminio se necesita 2 mL de la solución de 10 g/L. La cantidad de químico de añadir es diferente para cada botella. (Leer “¿Qué significan mili- y kilo-?” para aprender más sobre la cantidades mg and mL)
6) Quitar (con el gotero de 1 mL) el volumen de líquido que luego se añadirá a cada botella. Por ejemplo, se necesitará 2 mL de químico en la botella de 20 mg/L, quitarle 2 mL usando el gotero.
7) Realizar una prueba de pH de cada botella.  Apuntar los datos.  
8) Añadir la cantidad necesaria del químico a las botellas usando el gotero. Hacerlo tan pronto como sea posible. En seguida, cerrar las botellas y batirlas vigorosamente durante un minuto. (Ver la Imagen 2)
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Imagen 2 - Batir las botellas vigorosamente durante 1 minuto.
9) Acostar las botellas en la mesa como se ve en la Imagen 3.  Pasar las botellas lentamente. Darles la vuelta una vez cada 3 segundos.  Continuar pasándolas durante 20 minutos.  Tener cuidado con las botellas porque  el “floc” está frágil.
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Imagen 3 - La etapa de floculación. Pasar las botellas durante 20 minutos.

10) Tomando en cuenta la fragilidad del “floc”, levantar las botellas con mucho cuidado.  Dejar las botellas sin tocar durante 45 minutos. Ésta es la etapa de sedimentación. 

11) Después de los 45 minutos, verá sedimento en los fondos de las botellas. Este sedimento es el “floc” caído, y permanece muy frágil. Hay que medir la turbidez final de cada botella con cuidado para no alterar el resultado de la prueba. Para realizar esto, abrir una botella y sacar unas gotas de la parte superior para limpiar la cubeta de la prueba de turbidez.  En este caso, sólo hay que limpiar la cubeta una vez para no alterar el resultado.  Después de la limpieza, llenar la cubeta de agua de la parte superior de la botella y medir la turbidez (ver la Imagen 4). Apuntar el dato.  Repetir la prueba para cada botella.
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Imagen 4 – Para medir la turbidez, sacar agua de la parte superior de la botella.

12) Realizar una prueba de pH de cada botella.  Apuntar los datos.  

13) Escoger la dosificación de sulfato de aluminio que da la turbidez menor. Usar ésta para guiar la dosificación de sulfato de aluminio en la planta de tratamiento.
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11.4.5 Sección 4- El pH

¿Qué es el pH?

· El pH es una medida de la acidez de un líquido. La escala sube desde 0 hasta 14. Los líquidos ácidos tienen un pH bajo, y los básicos tienen un pH alto. El agua purificada usualmente tiene un pH alrededor de 7.0 porque es ni ácida ni básica.

¿Por qué es importante el pH para el tratamiento de agua?

· El sulfato de aluminio no funciona fuera de un cierto rango del pH. Si el pH queda demasiado bajo o alto, no se forma el floc ni en la prueba de jarra ni la planta en si.

[image: image16]


11.4.6 Sección 5- Entender las varias partes de la planta


Esquema de la planta maqueta


[image: image17]
El tanque de entrada con presa

· El agua de la llave entra en este primer tanque de la planta. 

· Consta de dos cilindros, uno de afuera y uno de adentro.

· El cilindro de adentro es una presa que tiene una apertura circular en la parte de abajo para envía el agua a la próxima sección de la planta.

· Cuando la altura del agua en el tanque de entrada está a la marca del cilindro de afuera, el caudal es 0.5 L/minuto (medio litro por minuto).

El tanque de químicos

El tanque de arriba 

· Este tanque almacena alrededor de tres litros de líquido.

El tanque de abajo con flote
· Una válvula flotante controla la altura del agua en el tanque que funciona exactamente igual que un flote de inodoro. 

· Controlando la altura del agua, la válvula logra dar un flujo constante de químico al tubo dosificación.

El tubo de dosificación
· Este tubo controla el flujo de la solución del sulfato de aluminio, y por lo tanto la dosificación.

· Se lo mete en uno de los huecos en el tubo del añadido de químicos para escoger un flujo. 

El tubo de añadido de químicos

Los agujeros de dosificación
· La colocación del tubo de dosificación en uno de estos agujeros determina el flujo y dosificación del sulfato de aluminio. 

· Los agujeros de arriba dan un menor caudal que los de abajo. 

· El agujero más arriba representa la posición cerrada, en la cual la solución de químicos no fluye.

La parte de mezclada 
· En la parte de abajo el agua de la llave y los químicos se mezclan. 

· Es importante recordar que los dos flujos, el grande y el pequeño, tienen que mezclarse rápidamente o el siguiente proceso no funcionará.  

El tubo de floculación

· En este tubo el agua dosificada pasa tranquilamente por los rollos.

· El flujo constante y controlado deja que la suciedad del agua y el sulfato de aluminio se agreguen, formando grandes piezas de suciedad se llaman “floc”.

· El “floc” es frágil - cualquier movimiento lo daña o lo destruye, disminuyendo la capacidad de la planta de extraer la suciedad.

El tanque de sedimentación

· Aquí los agregados formados previamente en el tubo de floculación están extraídos del agua.

· El agua fluye muy despacio en este tanque que para que los agregados caigan a la lamina o la parte de abajo del tubo, donde se deslizan hacia el fondo. 

· El agua clarificada sale de un agujero en la parte de arriba del tanque.

La entrada del tanque de sedimentación
· El agregado de la suciedad y el sulfato de aluminio, lo que es el “floc”, entra el tanque de sedimentación por un tubo que sobresale del fondo del tanque. 

· Cuando el tubo de floculación está funcionando bien, se ve el floc saliendo del tubo de floculación con facilidad. 

La lamina del tanque de sedimentación
· Una lámina divide el tanque en medio, creado dos espacios en lo que el “floc” cae.

· La lámina reduce la distancia por la cual el “floc” tiene que pasar antes de tocar una superficie sólida, así aumentando la capacidad del tanque de extraerlo. 

[image: image18.png]








11.4.7 Sección 6 - ¿Cómo se sabe cuál agujero usar para la dosificación del sulfato de aluminio? (Planta Maqueta)
Después de hacer una prueba de jarra, use los resultados y las siguientes instrucciones para dosificar el sulfato de aluminio. Las calculaciones en esta página sólo sirven para la planta maqueta. No puede usarlas para la verdadera planta en Payaguagre.

1) ¿Qué es la concentración de sulfato de aluminio en el tanque de químicos?

_____________  g/L (gramos entre litros)

2) ¿Qué es el caudal de la planta en litros entre minutos?

_____________ L/min (litros entre minutos)

3) ¿Cuál era la mejor dosificación de sulfato de aluminio en la prueba de jarra?

_____________ mg/L (miligramos entre litros)

4) Dividir la respuesta de la etapa 3 entre 1000 para obtener la dosificación en gramos entre litros

_____________ g/L

5) Multiplicar la respuesta de la etapa 4 por la respuesta de la etapa 2 para averiguar cuantos gramos de sulfato de aluminio estarán dosificados por minuto

_____________ g/min (gramos entre minutos)

6) Dividir la respuesta de la etapa 5 entre la respuesta de la etapa 1 para obtener el caudal de la solución del sulfato de aluminio

_____________ L/min

7) Multiplicar la repuesta de la etapa 6 por 1000 para obtener el caudal de la solución de sulfato de aluminio en mililitros por minuto.
_____________ mL/min (mL entre minutos)

8) Escoger el agujero que tira el caudal más cerca de él de la etapa 8. Use este agujero para la dosificación.
11.4.8 Repaso de Conceptos Importantes
· Saber las partes de la planta maqueta y también las de la planta de Payaguagre

	Planta Maqueta
	Payaguagre

	El tanque de entrada con presa
	El tanque de entrada o gravilla

	El tubo del añadido de químicos
	Mezcla rápidamente

	El tanque de químicos de abajo con flote
	El tanque de químicos de abajo con flote

	El tubo de dosificación
	El tubo de saliente

	El tubo de floculación
	El tanque de floculación

horizontal y vertical

	El tanque de sedimentación 
	El tanque de sedimentación 

	La lamina de sedimentación 
	Laminas de sedimentación


· Entender los procesos que de cada parte de la planta
El tanque de entrada con presa: El agua de la llave entra aquí. Si el agua está al mismo nivel que la marca “0.5 L/min”, ésta indica el caudal.
El tubo del añadido de químicos: La colocación del tubo de dosificación en uno de estos agujeros determina el caudal y la dosificación del sulfato de aluminio. Debajo de los agujeros, el agua de la llave y los químicos se mezclan.

El tanque de químicos: En el tanque de abajo, una válvula flotante controla la altura del agua y logra dar un flujo constante de químico al tubo de dosificación. El tanque de arriba almacena la solución del químico.
El tubo de dosificación: Este tubo controla el flujo de la solución del sulfato de aluminio, y por lo tanto la dosificación. Se lo mete a uno de los agujeros del tubo del añadido de químicos para escoger un flujo.

El tubo de floculación: En este tubo el agua dosificada pasa tranquilamente por los rollos.  El flujo constante y controlado hace que la suciedad del agua y el sulfato de aluminio se agreguen, formando grandes piezas de suciedad se llaman “floc”.
El tanque de sedimentación: Aquí los agregados formados previamente en el tubo de floculación están extraídos del agua.  El agua fluye muy despacio en este tanque que para que el “floc” caiga a la lamina o la parte de abajo del tubo, donde desliza hacia el fondo. El tanque de sedimentación tiene una lámina para reducir la distancia por la cual el “floc” tiene que caer.
· Usar correctamente los mediadores de pH, de turbidez, y la balanza
El mediador de pH: El pH es una medida de la acidez de un líquido. Un líquido de pH menos de 7 es un ácido, y uno de pH más de 7 es una base. El sulfato de aluminio no funciona fuera de un cierto rango de pH y, por eso, hay que tomar datos del pH del agua frecuentemente.

El mediador de turbidez: Siempre usar un papel limpio para manejar el bote. Lavar el bote por dentro tres veces con el agua de probar. Mantenga presionado el botón con flecha hasta que el mediador dé una medida y usted haya girado el bote para buscar la medida menor.

La balanza: Siempre usar un papel para medir químicos. Presionar el botón “Zero” para no medir el peso del papel también. No poner más de 320 gramos en esta balanza.
· Saber como medir y calcular el caudal de la entrada o la salida de la planta

Para medir el caudal: Llenar una botella de un litro de la salida o la entrada de la planta. Grabar el número de segundos que ocupa para llenarla.
Para calcular el caudal: Dividir un litro entre el número de minutos que necesita para llenar la botella para una medida en litros por minuto (L/min).

· Saber como medir y calcular el caudal del tubo de dosificación 

Para medir el caudal: Con el tubo de dosificación al lado de un agujero en el tubo del añadido de químicos, llenar un cilindro de 10 mililitros hasta la marca de 5 mililitros.  Grabar el número de segundos que ocupa para llenarlo.

Para calcular el caudal: Dividir los cinco mililitros entre el número de minutos que ocupa para llenar los 5 mililitros. La medida tendrá la unidad de mililitros entre segundos (mL/seg). Se puede transformar esta unidad a la de litros entre minutos (L/min).

· Saber como hacer una solución de sulfato de aluminio para el tanque de químicos
Poner medio litro de agua clara en una botella de un litro. Medir la cantidad de gramos sulfato de aluminio que desea (por ejemplo 10 o 3 gramos) usando la balanza.  Echar el sulfato a la botella.  Cerrar y batir la botella hasta que la mayoría de las partículas se disuelvan.  Llenar la botella hasta un litro con agua clara, volver a batirla, y verificar que todas las partículas se hayan disuelto.
· Entender la relación entre turbidez, contaminación, y el cloro
El cloro no purifica agua de alta turbidez tan bien como agua de baja turbidez. Por lo tanto, es clave remover la turbidez del agua antes de tratarla con cloro.
· Saber como hacer una prueba de jarra y como se relaciona con los procesos de la planta
Como la prueba de jarra se relaciona con los procesos de la planta: Una prueba de jarra es una versión pequeña de los procesos que constituyen una planta de tratamiento de agua: el agregado de químicos, la mezcla rápida, la floculación, y la sedimentación.  
¿Cómo se hace una prueba de jarra?: Llenar 5 botellas con el agua de probar. Poner etiquetas según las dosificaciones. Medir la turbidez y el pH antes de la prueba. Añadir la cantidad correcta de la solución usando el gotero (agregado de químicos). Cerrar las botellas y batirlas durante un minuto (mezcla rápida). Pasar las botellas lentamente durante veinte minutos (floculación). Dejar las botellas en reposo durante cuarenta y cinco minutos (sedimentación). Medir y apuntar la turbidez de la parte superior de cada botella. Medir el pH después de la turbidez.
· Entender como usar el resultado de la prueba de jarra para la dosificación del sulfato de aluminio

Se usan el resultado de la prueba de jarra para, la concentración de sulfato de aluminio en el tanque de químicos, y el caudal entrante de la planta para calcular el caudal de dosificación de químicos.  Escoger el agujero que tira el caudal más cerca del caudal calculado. Usar este agujero para la dosificación.
11.4.9  Outline of the Final Practical Exam

· Hacer una prueba de jarra y recordar los datos de turbidez y pH antes y después
· Identificar las partes de la planta maqueta y sus propósitos
· Crear más solución de sulfato de aluminio de 3 gramos/litro
· Medir el caudal de la planta maqueta
· Medir el caudal de los agujeros
· Calcular la dosificación de sulfato de aluminio
· Medir la turbidez y el pH del agua saliente de la planta cada 10-15 minutos

11.4.10 Alum Dose Charts for the Pilot Plant (La Planta Maqueta) Provided to the Students


[image: image19.emf]Concentración de sulfato de 

aluminio de planta maqueta

= 3 g/L

Gráfico de caudal (mL/min)

Dosificación de sulfato de aluminio (mg/L, decidido por prueba de jarra)

Caudal de planta (L/min) 20 30 40 50 60 70

0.1 0.02 0.03 0.04 0.05 0.06 0.07

0.2 0.04 0.06 0.08 0.10 0.12 0.14

0.3 0.06 0.09 0.12 0.15 0.18 0.21

0.4 0.08 0.12 0.16 0.20 0.24 0.28

0.5 0.10 0.15 0.20 0.25 0.30 0.35

0.6 0.12 0.18 0.24 0.30 0.36 0.42

0.7 0.14 0.21 0.28 0.35 0.42 0.49

0.8 0.16 0.24 0.32 0.40 0.48 0.56

0.9 0.18 0.27 0.36 0.45 0.54 0.63

1 0.20 0.30 0.40 0.50 0.60 0.70

Escoger el agujero correcto para la dosificación de sulfato de aluminio

NOTA:  Escoger el agujero que tiene el caudal mas cerca del numero en la tabla.  Usar este agujero 

para la dosificación.

 (Planta Maqueta)


11.5 Raw Water, Jar Test, and Pilot Plant Data
11.5.1 Raw Water Data
The raw water data in Figure 9‑1 is presented in an embedded Excel file. To access the data, open the embedded file by double-clicking.


[image: image20.emf]pH Turbidity

Date Time Tank Source 1 Source 2 Mix Box 2 Box 3 Faucet Tank Source 1 Source 2 Mix Box 2 Box 3 Faucet Weather, comments

6/13/2006 11:40 7.20

6/13/2006 14:30 7.30 6.60 6.70 7.15

6/14/2006 9:30 6.70 6.60 7.00 7.00

6/14/2006 16:30 6.99 6.75 6.94 6.94 6.60 7.08 sunny, no rain, some rain last night, water clear

6/15/2006 10:00 7.06 6.92 6.65 6.91 6.33 6.70 6.87 sunny all morning, rain last night

6/16/2006 AM 6.33 6.30 6.50 6.52 6.40 sunny

6/17/2006 AM 6.70 6.43 6.75 6.85 6.75 3.80 22.05 14.88 21.95 12.84 sunny

6/18/2006 PM 6.74 6.40 6.72 6.60 6.80 1.79 14.00 9.25 1.79 14.09 sunny

6/19/2006 AM 6.79 6.32 6.78 6.85 1.40 13.64 8.14 12.03 sunny

6/20/2006 AM 6.75 6.36 6.83 6.86 1.04 11.96 1.52 10.90 still a freaking drought… flow rate in source 2 was almost zero

6/24/2006 AM 6.82 6.42 6.75 6.85 0.67 8.10 4.99 8.43 sunny, rain last night

6/26/2006 AM 6.69 6.48 6.75 6.85 5.18 40.27 27.25 37.37 sunny, rain over the weekend

6/27/2006 AM 6.74 6.40 6.70 6.74 2.59 24.97 15.55 23.61 sun

6/28/2006 AM 6.78 6.52 6.76 6.57 1.82 17.96 11.34 16.16 sun

6/29/2006 AM 6.85 6.44 6.78 6.79 1.26 15.08 8.60 13.27 sun

Mean 6.76 6.46 6.75 6.63 6.80 6.82 2.17 18.67 11.28 1.79 17.53 12.84

Std 0.16 0.13 0.11 0.22 0.17 0.27 1.46 9.58 7.43 #DIV/0! 8.94 #DIV/0!


Figure 10‑1 – Embedded Excel file with the raw water data collected at various locations in the Payaguagre collection system that feed into Tank 4.

11.5.2 Jar Test Data
Table 9‑1 – Summary of all eleven bottle-rolling jar tests conducted over the summer. The raw data for each test can be found in Table 9‑2.

	Jar Test No.
	Alum Dose (mg/L)
	Initial pH
	End pH
	Initial Turb
	End Turb
	% Reduction
	Base Added?
	

	1
	50
	
	
	8.43
	4.69
	44%
	N
	highest dose

	2
	40
	7.76
	6.04
	26.59
	8.85
	67%
	N
	non-Payaguagre, lowest dose
	

	3
	40
	6.74
	5.97
	10.85
	8.45
	22%
	Y/N
	40 mg alum with different base amounts… no base in best dose

	5
	50
	6.82
	5.90
	5.17
	1.89
	63%
	N 
	

	6
	60
	8.12
	6.05
	4.73
	2.04
	57%
	Y (16 mg)
	initial pH taken after base addition, highest dose

	7
	70
	8.40
	5.66
	5.82
	4.84
	17%
	Y (~30 mg)
	initial pH taken after base addition, highest dose

	8
	50
	
	
	26.66
	2.44
	91%
	N
	no pH taken

	9
	80
	8.02
	5.38
	12.50
	2.58
	79%
	Y (16 mg)
	initial pH taken after base addition, highest dose

	10
	60
	
	
	12.69
	1.59
	87%
	N
	

	11
	70*
	
	
	7.66
	2.09
	73%
	N
	improper technique taken for measuring end NTU for 60 mg/L dose --> this was most likely the best dose


Table 9‑2 – Raw data and notes for all eleven jar tests performed over the summer.

	Jar Test No.
	1
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	7/10/2006
	
	
	
	
	
	

	Location: 
	Dona Rubenia's house
	
	
	
	
	

	Water source:
	 Payaguagre water from the tap
	
	
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	8.48
	
	
	
	
	
	

	Initial pH:
	6
	(used Fisher Scientific Alkacid test ribbon, range was "weakly acidic")
	

	Total Chlorine:
	0
	ppm
	(measured using HACH Aquachek total and free chlorine strips)

	Free Chlorine:
	0
	ppm
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose (mg/L)
	0
	20
	30
	40
	50
	
	

	Final NTU
	8.39
	12.50
	14.62
	9.69
	4.69
	
	

	Final pH
	7
	7
	7
	7
	7
	(using pH paper)

	
	
	
	
	
	
	
	

	Notes:
	 Water's initial NTU was moderate, but the color was a very visible green-brown, most of which was removed by the 50 mg/L dose. Isaac bumped the 40 mg/L bottle, which affected the final turbidity. pH paper was used to test final pH before final NTU samples were taken, and could have affected the final NTU. Bottles filled to the top of the blue ring around the neck, so some air bubbles were trapped in the bottles during the rolling.

	
	

	
	

	Best dose:
	50 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	2
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	7/11/2006
	
	
	
	
	
	

	Location: 
	Martin's house
	
	
	
	
	
	

	Water source:
	Pila water: from Agua Blanca system (NOT Payaguagre)

	
	
	
	
	
	
	
	

	Initial NTU:
	26.59
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Dose:
	40 mg
	50 mg
	60 mg
	70 mg
	0 mg
	
	

	Initial pH:
	7.76
	7.25
	7.26
	7.25
	7.30
	
	

	Final pH:
	6.04
	5.76
	5.06
	4.81
	7.13
	
	

	Final NTU:
	8.85
	32.30
	38.59
	37.81
	26.32
	
	

	Best dose:
	40 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	3
	
	
	
	
	
	

	Base Test
	
	
	
	
	
	
	

	Date:
	7/26/06
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	10.85
	
	
	
	
	
	

	Initial pH:
	6.74
	
	
	
	
	
	

	Alum Dose:
	40 mg/L in each bottle
	
	
	
	
	

	
	
	
	
	
	
	
	

	Base dose:
	0 mg/L
	6 mg/L
	10 mg/L
	14 mg/L
	
	
	

	pH after base addition:
	6.74
	8.00
	8.27
	8.42
	
	
	

	End pH:
	5.97
	6.24
	6.24
	6.34
	
	
	

	End NTU:
	8.45
	18.43
	19.13
	15.82
	
	
	

	
	
	
	
	
	
	
	

	Notes:
	First jar test attempting use of base. Method for adding base was to add base and alum at same time, then do 1 minute rapid mix. Tried using 40 mg/L alum (a generally successful dose), and varying base dose around theoretical value of 1 g base/4 g alum. Highly unsuccessful.

	
	

	
	

	Best dose:
	Control
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	4
	
	
	
	
	
	

	Base Test
	
	
	
	
	
	
	

	Date:
	7/26/06
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	7.43
	
	
	
	
	
	

	Initial pH:
	7.98
	
	
	
	
	
	

	Alum Dose:
	40 mg/L in each bottle
	
	
	
	
	

	
	
	
	
	
	
	
	

	Base dose:
	0 mg/L
	10 mg/L
	14 mg/L
	18 mg/L
	
	
	

	pH after base addition:
	7.98
	8.38
	8.45
	8.56
	
	
	

	End pH:
	6.28
	6.41
	6.37
	6.62
	
	
	

	
	
	
	
	
	
	
	

	Notes:
	Tap water at high pH… possibly because sitting in health center's tank? Didn't bother taking end NTU because there was no floc in any bottle except the control. Method for adding base was to add base, shake a little while to mix well, measure pH.  Then add alum and do one minute rapid mix. This procedure was continued for all of the remaining jar tests where base was added.

	
	

	
	

	
	

	Best dose:
	Control
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	5
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	7/27/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Base dose:
	0 mg/L
	
	
	
	
	
	

	Initial NTU:
	5.17
	
	
	
	
	
	

	Initial pH:
	6.82
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	20 mg
	30 mg
	40 mg
	50 mg
	60 mg
	
	

	Final pH:
	6.35
	6.27
	5.91
	5.90
	5.58
	
	

	Final NTU:
	7.26
	8.87
	2.48
	1.89
	2.83
	
	

	
	
	
	
	
	
	
	

	Notes:
	New method for testing base effects: do successive jar tests to determine alum dose, 

based on varying starting pH's. This jar test was the control, using only alum

	
	

	Best dose:
	50 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	6
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	7/27/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Base dose:
	16 mg/L
	
	
	
	
	
	

	Initial NTU:
	4.73
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	20 mg
	30 mg
	40 mg
	50 mg
	60 mg
	
	

	Start pH:
	8.14
	8.00
	8.05
	8.05
	8.12
	
	

	Final pH:
	6.95
	6.64
	6.30
	6.33
	6.05
	
	

	Final NTU:
	7.06
	7.58
	9.66
	9.66
	2.04
	
	

	
	
	
	
	
	
	
	

	Notes:
	Used a constant amount of base to bring the start pH to about 8. All the base was added and mixed in, then the alum added afterward. Found that a higher alum dose was needed to achieve flocculation, and that overall the test was less successful than pure alum.

	
	

	
	

	Best dose:
	60 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	7
	
	
	
	
	
	

	Base Test
	
	
	
	
	
	
	

	Date:
	8/1/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water stored since 7/27
	
	
	
	

	
	
	
	
	
	
	
	

	Start pH:
	8.4 after base addition, unrecorded before
	
	
	
	

	Initial NTU:
	5.82
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	30 mg
	40 mg
	50 mg
	60 mg
	70 mg
	
	

	Initial base dose:
	28 mg
	26 mg
	26 mg
	30 mg
	26 mg
	
	

	Final pH:
	7.03
	6.28
	6.09
	5.83
	5.66
	
	

	Final NTU:
	7.72
	13.04
	10.39
	10.77
	4.84
	
	

	
	
	
	
	
	
	
	

	Notes:
	Had difficulty getting the start pH above 8.4, so we added however much base was necessary to reach pH 8.4. Water used was bottled 7/27 for consistency. Again observed that high dose was the best, and overall success was poor. Want to try a similar test, but with higher alum doses in the future. Final pH of most successful floc is still out of range. Final NTU reading for 40 mg was probably a fluke of some kind.

	
	

	
	

	
	

	
	

	Best dose:
	70 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	8
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	8/2/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	26.66
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	30 mg/L
	40 mg/L
	50 mg/L
	60 mg/L
	70 mg/L
	
	

	End NTU:
	31.70
	44.13
	3.42
	2.44
	3.06
	
	

	
	
	
	
	
	
	
	

	Notes:
	First jar test done in class, alum only, turbidity only because they haven't learned pH yet
	

	Best dose:
	60 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	9
	
	
	
	
	
	

	Base Test
	
	
	
	
	
	
	

	Date:
	8/3/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water
	
	
	
	
	

	
	
	
	
	
	
	
	

	Base dose:
	16 mg/L
	
	
	
	
	
	

	Initial NTU (pre-base):
	12.50
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	40 mg/L
	50 mg/L
	60 mg/L
	70 mg/L
	80 mg/L
	
	

	Start pH:
	7.98
	7.98
	7.99
	7.98
	8.02
	
	

	Final pH:
	6.20
	6.12
	5.97
	5.83
	5.38
	
	

	Final NTU:
	19.95
	21.01
	23.77
	26.53
	2.58
	
	

	
	
	
	
	
	
	
	

	Notes:
	Used 16 mg/L base to bring the pH to roughly 8. Used higher alum doses based on previous experience with using base.

	
	

	Best dose:
	80 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	10
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	8/3/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water- mix of pila and pilot plant input
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	12.69
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	30 mg
	40 mg
	50 mg
	60 mg
	70 mg
	
	

	End NTU:
	17.85
	17.12
	21.93
	1.59
	13.13
	
	

	
	
	
	
	
	
	
	

	Notes:
	First jar test done by Gabriel, skipping pH in the interest of time. Water was taken from both the Health Center's pila faucet and from the pilot plant input. This was done in this and some previous tests to save time filling bottles, because we believed them to contain the same water. However, the bottle with 70 mg alum had significant floc, but a higher turbidity than our original measurement, leading us 

to believe that these are not the exact same water. In the future, we will stick to taking water from one of these sources only.

	
	

	
	

	
	

	
	

	
	

	Best dose:
	60 mg/L
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Jar Test No.
	11
	
	
	
	
	
	

	Alum Only
	
	
	
	
	
	
	

	Date:
	8/3/2006
	
	
	
	
	
	

	Location: 
	Centro de Salud
	
	
	
	
	
	

	Water source:
	Payaguagre tap water- pila faucet
	
	
	
	

	
	
	
	
	
	
	
	

	Initial NTU:
	7.66
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Alum Dose:
	30 mg/L
	40 mg/L
	50 mg/L
	60 mg/L
	70 mg/L
	
	

	End NTU:
	19.07
	19.33
	2.37
	2.31
	2.09
	
	

	
	
	
	
	
	
	
	

	Notes:
	2nd jar test done by large class, mostly without our assistance. 60 mg/L was probably actually the best dose, but Julia used improper technique in taking the turbidity measurement, not taking all the water in the sample from the top of the bottle. The high jump between initial NTU and end NTU for the 30 mg/L dose suggests that there was again a problem with the consistency of our samples. More care needs to be taken in the future to make sure all water being measured is the same -- possibly taking initial turbidity readings from more than one bottle?

	
	

	
	

	
	

	
	

	
	

	Best dose:
	70 mg/L
	
	
	
	
	
	


11.5.3 Pilot Plant Data
The following Excel charts of the pilot plant data are embedded in this Word document. Their raw data can be accessed by opening the embedded files. The text of the charts was written in Spanish to allow the students in the capacitación to read them.
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Figure 10‑2  - Turbidity vs. time for an approximately 2.5 hour run of the pilot plant.
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Figure 10‑3 - Turbidity vs. time for an approximately 2.5 hour run of the pilot plant.
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Figure 10‑4 - Turbidity vs. time for an approximately 2 hour run of the pilot plant.
12 Appendix B – Personal Reflections

12.1  Scott Payne a.k.a. “Tio Escott”


We apologize for the interruption. We now return you to your regularly scheduled life.


I think right now, my prevailing feeling about my summer is schizophrenia. One day, I’m teaching a group of people with maaaaybe a high school education how to operate a water treatment plant, eating tortillas and beans, playing soccer with my adopted Honduran nephew (inside joke), and showering under an electrical death machine. Then I wake up and get on a plane, and soon it’s back to the routine of college life: sleeping in late, putting off assignments until the last minute, watching college football on Saturdays with the bitter disappointment that comes from going to a school that’s never quite as good as they should be (That Tennessee game? Never happened. I deny everything). At times it feels like I never left, like spring finals were just a few weeks ago and all that stuff in Honduras was someone else’s life.


Then there are other times where the reverse culture shock really hits me, like when I’m standing in line behind someone who’s about to shell out 2 bucks for a 1 liter bottle of water while explaining to a friend that “you will get sick if you drink tap water in Berkeley”. Uh, yeah. Pardon me while I laugh at you. The standard for tap water in the US is 0.3 NTU, which, for people who haven’t played with a turbidimeter all summer, is kind of like if you had a class where you needed 99% to get a B. It is a hilariously strict standard, and anyone who thinks tap water in Berkeley will make them sick is officially insane.


In general, being in Honduras for the summer has changed my perspective on my own life. Rule #1: Life is good. Americans’ tendency to freak out about little things seems even more amusing to me now that it did before. I, and almost everyone I know, have more comfortable lifestyles and more opportunities in life than 99.99% of the rest of the world, so there is really very little to whine about. Whereas last year I might have complained about a large homework load, I now realize that I am extremely fortunate to be receiving a college education in the first place. Education is not a given, just as hot showers, clean water, food on my plate, and good health are not automatic for everyone. These are all things I knew before, but now having come face to face with the alternative, I am less likely to take my opportunities for granted and more focused on making the most of them.


I ate over 1000 tortillas this summer. This fact is worthy of its own paragraph. Don’t argue with me.


I waffled for several days before deciding on signing up for the SEED program, because there were several things I was unsure about. I was the youngest person by 2 years in the SEED program this summer, and I wondered whether I would really be able to contribute anything with my relative lack of education and experience. I wondered about my rusty Spanish speaking abilities, and whether I would spend the whole time unable to talk to anymore. I also wondered how I would handle being away from home for so long. I am a very well traveled person for my age (13 countries, 30 states before age 20), but I’d never left the Bay Area for anything longer than 2 weeks at a time. 10 weeks in another country is a serious undertaking, and I wondered if I was really cut out for it.


Since I am writing this, it seems that I ended up choosing to go. There were some hard times, and my concerns about my Spanish often seemed well founded, but ultimately the experience was definitely worth it. The age issue turned out to matter very little, as problem solving skills turned out to be much more important than specific engineering knowledge. I found that simply having a beginning college education put me several levels ahead of most of Ojojona, and what mattered most was transferring this knowledge to others. I am actually glad that I chose to go this year rather than putting it off until I’d had more coursework. Now that I am back at school, I feel like I have a context for what I learn in class and a direction for myself. Rather than just going through the motions and attending class, I have relevant experience to draw upon, and I think the rest of my college career is going to be more fulfilling because of this summer.


There were some good days and some bad days, but looking back I am very glad I did what I did this summer. The experience of going to another country and living there with a host family for over 2 months is something I am absolutely never going to forget. Being claimed as one kid’s uncle, having my privacy violated while riding in cramped school buses, going to the market in Tegucigalpa to mingle with local businessmen and smell the refreshing mountain breeze, eating with our host family and listening to their bad jokes (have YOU ever seen a green hen?), not having running water for 10 days straight at one point, going to fireworks shows that would have broken every safety law on the books in the US, friendships made with people around Ojojona and especially with my fellow volunteers Dan and Kelly: these memories, both the good and the bad, I will treasure for the rest of my life.


Best of all, there is actually a half decent chance that we did something to help make the world a better place this summer. There is still a ton of work that needs to be done before any real amount of water is getting treated in Ojojona, but they are definitely on the right track. I hope that when I return to Ojojona in 10 years, everyone will be able to drink tap water and not get sick from it.


Special thanks go to: everyone who weighed in this spring and helped me convince myself to take a chance… ESW for making this opportunity available for me and like-minded individuals… Monroe for getting this whole thing started, dedicating an insane amount of time to make it happen, and to his whole family for their hospitality at reintegration… Dick for visiting and giving me an excuse to get out and see the rest of the country… Martin and Martha for providing us with food and shelter all summer… Alexis and Hector for the interest and enthusiasm that will be needed to make our dream a reality… Dan and Kelly for being pretty much awesome in all regards. I hope we can stay in touch and continue our friendships despite the long distances… and most of all, to Mom and Dad for the encouragement, for putting up with me not getting a real job, and for being there for me the times that I needed it the most.
12.2 Kelly Kozdras
Overseas volunteers such as those with the Peace Corps often note that their experience is almost as much or more valuable for them as an individual as it is of benefit for the community served.  Or similarly, the volunteer often feels that they learn almost as much as they teach.  With my experience this summer of being a SEED volunteer in Honduras, I certainly saw this idea materialize.  

Even before even knowing of ESW, I had observed other like minded idealistic young people with interest in the very general, “making the world a better place”.  Some had told me they chose to pursue medicine simply so that they could be a doctor without borders, or others have been social workers to feel their impact every day.   The place for idealistic engineers is not so clear cut, but ESW is beginning to fill that void.  Whatever it is that has us feel the need to be really, genuinely useful is part of what is that “personal benefit”.  Sure, there are more practical skills that show-up in an overseas volunteer’s life after returning home – a slightly more “paired down” suitcase when packing for other trips, greater flexibility in uncertainty, a stronger belief or comfort in the ability to rely on others and strangers.  But these are skills that are general enough that they are more developed on a continuum – many SEED volunteers do not count this as their first big adventure, and even those that do are generally only at the beginning of many more adventures.  But these more concrete things are less interesting to me; the more notable outcome of the summer was being able to put shape to this interest of mine of being of assistance to those in other countries.  To begin to have experiences to draw from for future volunteering, and to start a new continuum of experiences that I can file under “getting out and helping the world”, and that I can pull out later when new opportunities arise.  

How does one quantify the impact of a volunteer project on another culture?  This is what I wonder when considering the opposite of what I learned – what I taught or gave to the community.  How do I imagine what the impact is of having clean drinking water?  This is such a foundation of our needs that I can’t really fully get what life is like without it.  The best I was able to understand was by looking in the eyes of those who sincerely thanked us for our efforts just as we were leaving Ojojona.  But interestingly, I can see that some of the impacts we have may rest just as equally with our very presence there as much as with the outcome of the project.  For example, I also have problems quantifying what the benefits are to a 1.5, 4, and 13 year old of having 3 foreigners come to their small country and small town and spend time with them each and every day for a summer.  Or how it feels in a country with so few hours of schooling per week for kids, to be an adult and have instruction on such foreign concepts as pH, flocculation, and proper chlorination and to understand these and to know that you soon will be able to apply your new knowledge.  Or to be a foreman, with dozens of projects under your belt, and to learn a new skill of your trade from an “outsider” that has is half your age but is your friend, and now a contributor to your career and skill set.  The impact of these is something that I largely have to imagine.  The occurrence of these daily miracles is becoming more and more real as more programs begin to give us idealistic ones an outlet to help, and to cross different cultures and borders to do it.  I certainly am ever thankful for this opportunity to continue to expand myself, to see the expansion of other young idealists working with me, and to only dream what sort of impact – health and otherwise that we may have had during our limited time.    

12.3 Daniel Smith

Finally completing this report caps off a year of effort I have put into this project. It started as a school project, expanded into what I considered my “extracurricular” time, then continued for a second semester and a summer. With so much time invested it has become something I can hardly imagine being without. What I can whole-heartedly say after so long is that feel privileged to have met and interacted with so many people who are not only sincerely concerned about public health in Honduras, but who are also willing to exert themselves beyond what is expected of them. Those people include my friends from Cornell, Ojojona, ESW and other communities in which I have found myself during this past year as a result of being involved. It is my fervent hope to stay in touch with AguaClara at Cornell, APP and the Junta de Agua in Ojojona to keep track of our progress from all ends. I know this won’t be so simple while I’m working elsewhere, but it is so important – both to those it serves and to me – that I couldn’t stay away if I tried.



DEMONSTRACIÓN:


 ¡Medir la baja turbidez del agua después de tratamiento!	





El tanque de entrada con presa





El marco





El tubo de dosificación





El tanque de químicos de arriba 





El tanque de químicos de abajo con flote





El tanque de sedimentación 





El tubo del añadido de químicos





El tubo de floculación





La entrada del tanque de sedimentación





La lamina de sedimentación 








DEMONSTRACIÓN:


¿Por qué es más difícil clorar agua sucia que agua limpia?





1 Litro





El caudal de la planta maqueta





Equipo necesario: un reloj, una botella de un litro (tipo Aguazul), una calculadora 





1) Llenar la botella de un litro de la salida de la planta. Grabar el número de segundos que ocupa para llenarla.





2) Dividir un litro entre el número de minutos que necesita llenar la botella para una medida en litros por minuto (L/min).





¿Se corresponden esta medida y la de la presa en el tanque de entrada?





Tubo de salida





Cilindro de 10 mL





El caudal del tubo de dosificación





El equipo necesario: un reloj, un cilindro de 10 mililitros, una calculadora





Con el tubo de dosificación al lado del agujero de abajo, llenar el cilindro hasta la marca de 5 mililitros.


Grabar el número de segundos que ocupa para llenarla.


Dividir los cinco mililitros entre el número de minutos que ocupa para llenar la botella. La medida será en la unidad de mililitros por segundo (mL/min).





¿Cómo cambia el caudal cuando el tubo está puesto en otro agujero más arriba?


¿Qué tiene que ver esto con la dosificación del químico?





Tubo de dosificación








Definición: la turbidez se define como la suciedad en el agua que tapa el paso de luz.  Una muestra de agua de baja turbidez deja pasar la mayoría de luz mientras una muestra de alta turbidez la tapa.





La unidad de la turbidez es el NTU








Turbidez creciente


(aumento de NTU)





Ahorro de cloro creciente





Luz entrante





Luz saliente





¿Cómo se mide la turbidez?





Las Metas de Hoy


Aprender lo que es una prueba de jarra y entender su importancia para el tratamiento de agua


Hacer una solución de sulfato de aluminio


Realizar una prueba de jarra





¿Por qué hacer una prueba de jarra?


Sólo con una prueba de jarra es posible determinar la dosificación correcta de sulfato de aluminio


Si la dosificación no es correcta el tratamiento no creará mucho “floc” y será imposible tratar el agua bien


La dosificación correcta depende del caudal, la turbidez, y otros factores. Además, puede cambiar frecuentemente. Por lo tanto, es necesario hacer varias pruebas de jarra para aprender como mejor tratar el agua.





Las etapas para hacer una solución de químicos


Para hacer una solución de 10 gramos/litro:


Poner medio litro de agua clara en una botella de un litro.


Medir 10 gramos de sulfato de aluminio usando la balanza y el papel. Para hacer una solución de una diferente concentración, cambiar la masa de sulfato de aluminio desde 10 gramos a otra.


Echar los 10 gramos a la botella media llena usando el papel sin perder ni un grano.


Cerrar y batir la botella hasta que la mayoría de las partículas se disuelvan. 


Llenar la botella hasta un litro con agua clara, volver a batirla, y verificar que todas las partículas quedan disueltas.


¡Importante! Siempre es necesario usar agua limpia para hacer cualquier solución de químicos


Para hacer una solución diferente: Para crear una solución con una concentración diferente de 10 gramos/litro, solamente cambia la cantidad de sulfato de aluminio en etapa 2








¿Qué significan “mili-“ y “kilo-“?


Para medir y hacer soluciones de químicos, es clave entender la diferencia entre las palabras que empiezan con “mili” y las que empiezan con “kilo”


Definición: “mili” representa una cantidad menor, de la cual 1000 unidades constituyen una unidad base. Por ejemplo, un litro (la unidad base) tiene mil mililitros. Se usa la abreviatura “m” para “mili” (por ejemplo, “mL” representa “mililitro”)


Definición: “kilo” representa una cantidad mayor, la cual consta de 1000 unidades menores. Por ejemplo, un kilogramo consta de mil gramos. La abreviatura “k” representa “kilo” (por ejemplo, “kg” es la abreviatura de kilogramo).





1 litro = 1000 mililitros�
1 mililitro = 1/1000 litro�
�
1 gramo = 1000 miligramos�
1 miligramo = 1/1000 gramo�
�
1 kilogramo = 1000 gramos�
1 gramo = 1/1000 kilogramo�
�









¡Fíjate!





Fíjate en las semejanzas de la prueba de jarra y la planta maqueta:





Batir las botellas durante un minuto 


                                                �


El tubo del añadido de químicos y la mezcla rápida





Pasar las botellas lentamente durante 20 minutos


�


La manguera de floculación





Dejar las botellas sin tocar durante 45 minutos


�


El tanque de sedimentación























Las Metas de Hoy


Aprender lo que es el pH y entender su importancia en el tratamiento de agua


Medir el pH de varias cosas con los papeles y también con el mediador de pH


Aprender el uso adecuado del mediador de pH y como calibrarlo 





14





7





0








DEMONSTRACIÓN:


 Medir el pH de varios	líquidos





¿Qué pasa si el pH del agua cambia mucho?


El pH de un agua natural cambia con la temporada. Por lo tanto, es necesario medir el pH de una fuente a lo largo del año. El entender como cambia el pH de una fuente de agua puede explicar cambios o problemas con su tratamiento.  


Si hay cambios considerables del pH y resultan en problemas de la formación del floc es posible que haya que revisar el manejo de la planta.  Ponerse en contacto con Agua Para el Pueblo si esto ocurre. 





Las Metas de Hoy


Aprender las partes de la planta maqueta y los procesos que hacen


Aprender las partes de la planta en Payaguagre y como corresponden con las partes de la planta maqueta





El tanque de entrada con presa (1)





El marco





El tubo de dosificación (2 c)





El tanque de químicos de arriba (2 a)





El tanque de químicos de abajo con flote (2b)





El tanque de sedimentación (5)





El tubo del añadido de químicos (3)





El tubo de floculación (4)





La entrada del tanque de sedimentación (5a)





La lamina de sedimentación (5b)





El tanque de distribución





Los tanques de químicos de arriba





El tanque de floculación horizontal





El tanque de floculación vertical





Los tanques de sedimentación





El tanque de químicos de abajo





El tanque de entrada con presa





El tubo del añadido de químicos








� see the CEE 492 course website at: � HYPERLINK "http://ceeserver.cee.cornell.edu/esw/course_pages/course.htm" ��http://ceeserver.cee.cornell.edu/esw/course_pages/course.htm�


� In Honduras, a patronato is a term for civil organization on the level of a neighborhood or town that represents the interests of that jurisdiction’s residents. Although originally formed by citizens to organize religious festivals, the modern patronatos often play a crucial role in supporting the development of needed services. The patronatos are ubiquitous throughout Honduras, often wield significant political power, and are invariably dominated by women (Humphrey 2003).





61

_1220974081.xls
Raw Payaguagre Data

						pH														Turbidity

		Date		Time		Tank		Source 1		Source 2		Mix		Box 2		Box 3		Faucet		Tank		Source 1		Source 2		Mix		Box 2		Box 3		Faucet		Weather, comments

		6/13/06		11:40		7.20

		6/13/06		14:30		7.30						6.60		6.70		7.15

		6/14/06		9:30								6.70		6.60		7.00		7.00

		6/14/06		16:30				6.99		6.75		6.94		6.94		6.60		7.08																sunny, no rain, some rain last night, water clear

		6/15/06		10:00		7.06		6.92		6.65		6.91		6.33		6.70		6.87																sunny all morning, rain last night

		6/16/06		AM				6.33		6.30		6.50				6.52		6.40																sunny

		6/17/06		AM				6.70		6.43		6.75				6.85		6.75				3.80		22.05		14.88				21.95		12.84		sunny

		6/18/06		PM				6.74		6.40		6.72		6.60		6.80						1.79		14.00		9.25		1.79		14.09				sunny

		6/19/06		AM				6.79		6.32		6.78				6.85						1.40		13.64		8.14				12.03				sunny

		6/20/06		AM				6.75		6.36		6.83				6.86						1.04		11.96		1.52				10.90				still a freaking drought… flow rate in source 2 was almost zero

		6/24/06		AM				6.82		6.42		6.75				6.85						0.67		8.10		4.99				8.43				sunny, rain last night

		6/26/06		AM				6.69		6.48		6.75				6.85						5.18		40.27		27.25				37.37				sunny, rain over the weekend

		6/27/06		AM				6.74		6.40		6.70				6.74						2.59		24.97		15.55				23.61				sun

		6/28/06		AM				6.78		6.52		6.76				6.57						1.82		17.96		11.34				16.16				sun

		6/29/06		AM				6.85		6.44		6.78				6.79						1.26		15.08		8.60				13.27				sun

				Mean				6.76		6.46		6.75		6.63		6.80		6.82				2.17		18.67		11.28		1.79		17.53		12.84

				Std				0.16		0.13		0.11		0.22		0.17		0.27				1.46		9.58		7.43		0.00		8.94		0.00
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8-2-2006

		Data taken on the pilot plant Aug 2, 2006 using Payaguagre water in Ojojona health center during the capacitacion

		Sedimentation tank at ~30 degrees because of low pressure in water source

		Tiempo		Tur. Entrada				Tiempo		Tur. Salida				Tiempo		Caudal de planta (L/min)		Dosis de S. de Alum.

		9:30		24.94				9:57		9.02				10:00		0.37		54.1401273885

		10:32		11.47				10:10		9.74				10:25		0.34		58.8235294118

		11:03		11.88				10:28		8.41				10:38		0.32		62.423500612

		12:20		12.49				10:47		11.05				10:42		increased plant flow because too high alum dose

								11:07		6.24				10:45		flow decreased because of overflowing- cause of turbidity spike at 10:47

								11:21		6.04				10:54		0.29		68.7331536388

								11:35		5.32				10:54		increased flow rate again

								11:47		4.20				10:58		0.41		48.9443378119

								12:00		3.70				11:47		0.40		50.1474926254

								12:17		3.42

		Caudal de S. de Alum.(5th from bottom):								6.8		mL/min

		Concentracion de S. de Alum.:						3.00		g/L
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8-1-2006

		Data taken on the pilot plant Aug 1 2006 using Payaguagre water in Ojojona health center during the capacitacion

		Sedimentation tank at ~30 degrees because of low pressure in water source

		Tiempo		Tur. Entrada				Tiempo		Tur. Salida				Tiempo		Caudal de planta (L/min)		Dosis de S. de Alum. (mg/L)

		3:02		29.5				2:55		17.5				2:55		0.39		61.7780010045		botella de 1 litro

		3:40		30.52				3:16		13.35				3:13		0.37		65.044949762		botella de 1 litro

		4:38		30.24				3:22		14.75				3:45		switched from 4th hole from bottom to 5th hole from bottom

		4:51		29.37				3:35		11.2				4:06		0.5		40.2525651144		(de la presa)

								3:56		10.6				5:00		0.37		54.1401273885

								4:20		7.78

								4:30		6.84

								4:44		6.09

								5:08		6.56

								5:15		4.81

		Caudal de S. de Alum.(5th from bottom):								6.8		mL/min

		Caudal de S. de Alum.(4th from bottom):								8.2		mL/min

		Concentracion de S. de Alum.:						3.00		g/L
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7-19-2006

		Data taken on the pilot plant July 19, 2006 using Payaguagre water in Ojojona health center during the capacitacion

		Tiempo		Tur. Entrada				Tiempo		Tur. Salida

		9:23		17.17				10:03		14.03

		10:17		16.72				10:20		15.76

		11:05		15.96				10:53		15.93

								11:35		9.55

		Notas:

		10:05		rotated sed tank

		10:22		switched to max alum dose

		10:55		switched to 4th from bottom hole
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Full Charts

		Alum stock concentration		=		100		g/L

		Base stock concentration		=		5		g/L

		Alum dose (from jar test)		=		60		mg/L

		Plant flow rate		=		300		L/min

		Alum flow rate		=		0.18		L/min

		Alum solution used		=		259		L/day

		Alum solution used		=		68		gal/day		(preferably < 165)

		Alum used		=		25.9		kg/day		(25 kg/bag)

		Base solution used		=		1374		L/day

		Base solution used		=		363		gal/day

		Base used		=		6.9		kg/day		(25 kg/bag)

				Flow rate chart (mL/min)

				Alum Dose (mg/L, determined by jar test)

		Plant flow (L/min)		20		30		40		50		60		70

		0.1		0.02		0.03		0.04		0.05		0.06		0.07

		0.2		0.04		0.06		0.08		0.1		0.12		0.14

		0.3		0.06		0.09		0.12		0.15		0.18		0.21

		0.4		0.08		0.12		0.16		0.2		0.24		0.28

		0.5		0.1		0.15		0.2		0.25		0.3		0.35

		0.6		0.12		0.18		0.24		0.3		0.36		0.42

		0.7		0.14		0.21		0.28		0.35		0.42		0.49

		0.8		0.16		0.24		0.32		0.4		0.48		0.56

		0.9		0.18		0.27		0.36		0.45		0.54		0.63

		1		0.2		0.3		0.4		0.5		0.6		0.7

				Flow rate chart (L/min)

				Alum Dose (mg/L, determined by jar test)

		Plant Flow (L/min)		20		30		40		50		60		70

		200		0.04		0.06		0.08		0.1		0.12		0.14

		300		0.06		0.09		0.12		0.15		0.18		0.21

		400		0.08		0.12		0.16		0.2		0.24		0.28

		500		0.1		0.15		0.2		0.25		0.3		0.35

		600		0.12		0.18		0.24		0.3		0.36		0.42

				cheque		9

				cheque		8

				cheque		7

				cheque		6

				cheque		5

				cheque		4

				cheque		3

				cheque		2

				cheque		1

				0		0

				0

				0

				0





Handout to students

		Escoger el agujero correcto para la dosificación de sulfato de aluminio

		(Planta Maqueta)

		Concentración de sulfato de aluminio de planta maqueta		=		3		g/L

				Gráfico de caudal (mL/min)

				Dosificación de sulfato de aluminio (mg/L, decidido por prueba de jarra)

		Caudal de planta (L/min)		20		30		40		50		60		70

		0.1		0.02		0.03		0.04		0.05		0.06		0.07

		0.2		0.04		0.06		0.08		0.10		0.12		0.14

		0.3		0.06		0.09		0.12		0.15		0.18		0.21

		0.4		0.08		0.12		0.16		0.20		0.24		0.28

		0.5		0.10		0.15		0.20		0.25		0.30		0.35

		0.6		0.12		0.18		0.24		0.30		0.36		0.42

		0.7		0.14		0.21		0.28		0.35		0.42		0.49

		0.8		0.16		0.24		0.32		0.40		0.48		0.56

		0.9		0.18		0.27		0.36		0.45		0.54		0.63

		1		0.20		0.30		0.40		0.50		0.60		0.70

		NOTA:  Escoger el agujero que tiene el caudal mas cerca del numero en la tabla.  Usar este agujero para la dosificación.
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