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1.0 Introduction 

1.1 Student Chapter Involved 

The chapter of Engineers Without Borders involved in this project was the Tufts University student chapter based out of Medford, Massachusetts. This chapter was formed in 2004 and the El Salvador project was founded in September of 2005. The project partners with Epilogos, a charity based in New Hampshire that supports several projects in San Jose Villanueva. The Epilogos contacts are Mike and Susie Jenkins, who live in San Jose Villanueva. Mike and Susie are former Peace Corps volunteers. Both served two years in the Peace Corps in El Salvador from 1965-1967. Mike Jenkins was stationed in San Jose Villanueva. 

1.2 General Introduction 

Tufts Engineers Without Borders (EWB) has been in contact with Arada Vieja, a rural community is San Jose Villanueva, El Salvador since the fall of 2005. The goal is to have a long-term relationship with Arada Vieja and together determine and implement the most critical and feasible projects that would most benefit the community. The current commitment is set as three years, but could be extended based on future funding and necessity within the community. 

1.3 Assessment Trip Summary 

In July of 2006 the Tufts University Student chapter of Engineers Without Borders sent a group of five students and a professor to assess the water quality and community health situations in Arada Vieja. Various water quality tests and community health surveys were conducted throughout the two week stay. The assessment group determined that the quality of the water, having high counts of bacteria coliform, was unacceptable and was most likely contributing to many of the ailments that the community had complained of. As a temporary solution, EWB subsidized the purchase of household-sized ceramic water filters lined with silver-nitrate. These filters were made by the group Potters for Peace based out of Honduras. The community was shown examples of the water quality Petrifilms from filtered and unfiltered water as a visual demonstration of the importance of filtering water. This education was important for the short term use of the ceramic filters as well as the future success of a more sustainable filtration system. The community demonstrated a strong understanding that their water quality needed to be improved and was receptive to the idea of constructing a filtration system large enough for the entire community in the future. 

Upon returning to Tufts University, EWB conducted research on various sustainable filtration technologies and determined that the “slow-sand filter” was most suited to rural conditions such as those found in Arada Vieja. The materials needed for construction could be found locally and the filter itself could be maintained indefinitely. In preparation for the implementation trip that would take place in January of 2007, EWB began designing the specifics of the filter, along with a clean water holding tank that would keep the water clean after it had been filtered. In addition, EWB began creating a plan to successfully integrate the filtration system into the community through community education and the election of a self-governed “water board.” 

1.4 Conditions Upon Arrival 

Upon arriving in San Jose Villanueva, the implementation team stationed themselves in a volunteer house that was set up by Mike and Susie Jenkins of Epilogos Charities. The volunteer house was located on a nearby street to the Jenkins’ residence and served as a secure location to sleep and store the equipment that had been brought to El Salvador. The house had electricity that we used to recharge the batteries for the radios and incubator. 

The Jenkins’ residence was where the group held meetings and had meals while in San Jose Villanueva. The Jenkins provided transportation so that the team could travel to hardware and grocery stores in Santa Tecla, a nearby city. Moreover they provided important contacts and information for obtaining supplies, tools, and transportation. Before traveling to Arada Vieja the Jenkins provided the team with drinking water, as tap water in El Salvador should not be consumed. 

Also located in San Jose Villanueva were a small hardware store, a paper store, a few cafes, and an internet café through which it was possible to communicate with the members of EWB who remained in the United States. San Jose Villanueva is connected to Arada Vieja via a four-mile dirt road that is accessible only by trucks and SUVs or hikers. This road is sometimes not accessible at all during the wet season so it was important to do as much construction as possible during the dry season. This way, gravel, sand, bricks, and other supplies could be delivered by truck to the construction site. The team usually hiked to Arada Vieja but, as a precaution, was escorted by members of the community for the last half of the hike. 

Arada Vieja is a community of approximately 25 families, most of whom rely on subsistence farming within the village. For the month of January community members were working on a project that was being funded by another NGO. The project was to reinforce the dirt road from San Jose Villanueva so that it could be passable during the wet season as well. This was fortunate for the community because it would improve their accessibility and provide them with income, but because the Tufts project was contingent on having the help of the community, especially the men who had masonry experience, it was untimely and presented some problems with scheduling labor. This meant that the group had to be ready to finish the masonry-intensive aspects of the project on days that the community did not have to work on the road. It also meant that community meetings had to be held very late, most of the time very close to sunset. 

The construction site was next to the community center where many gatherings including school, church, and local meetings are held. The community let the team use this building to store valuable equipment and charge the radios with the solar panel at the community center. The community center became the staging area and work area during the hottest hours of the day. The water storage tank (different from the clean water storage tank) was located next to the community center and provided the construction site with water for mixing concrete or washing the tools. Care had to be taken to conserve water because this was the tank from which community members would get their drinking and cooking water. In addition, the pump that provided the tank with water was malfunctioning and would only provide water for a few days at a time. 

El Salvador is hottest during January and care had to be taken to keep hydrated. The team brought as much water as possible from San Jose Villanueva, but oftentimes the team ran out of water and had to sterilize the community’s water with iodine or chlorine. The group followed the locals’ recommendation to only work in the shade during mid-day. When working near the pump or river, insect repellant and long-sleeved clothing were used to prevent mosquito bites, which can carry dengue or typhoid fever. 

2.0 Water Delivery System

2.1 Current Water Delivery Systems 

The water distribution system in Arada Vieja was built with the help of several NGOs including the Asociación Comunitaria Unida por el Agua y la Agricultra (ACUA), Epilogos, and FUNDAMHER and it required a substantial financial backing. There are two delivery systems, one that brings drinking water to a storage tank at the community center and a second for shrimp aquaculture ponds. 

The system built for drinking water uses a nearby spring as its source. It is approximately a fifteen-minute walk, or three-quarters of a mile from the community water tank located at the community center. A system of holding tanks and piping were set up to power a hydraulic ram pump located downhill from the community center near the community’s river. The first step in the system is the natural spring where water is fed into a pipe and sent downhill to a storage tank. This storage tank has a 15 foot diameter and is 6 feet and 7 inches tall. Water accumulates in this tank before heading down a 30-foot drop to the ram pump. The water exits the holding tank through a pipe located at its base, and travels through a 2-inch diameter pipe for 121 feet before it passes through a reducing couple to a 1-inch pipe for the remaining 20 feet. At this point the water enters the hydraulic ram pump. 

A hydraulic ram pump works by using the momentum of flowing water to store up potential energy in the form of pressurized air to push water to a higher outlet than inlet height. To accomplish this, only about 10% and 15% of the inflow water is sent uphill. The efficiency is determined by several factors including the height ratio of the inlet pipe to the height of the desired outlet, the type of pipe used, and how well the pipe and pump are secured. 

The ram pump was the first project in Arada Vieja that Tufts EWB worked on. The group worked during the school year to create a pump that could be built with PVC and other locally available parts. While Tufts EWB was working on the pump two other groups also were trying to acquire a pump for the community. Epilogos Charities had been raising money for a pump but they were unsure whether they would be able to acquire a pump and so they contacted Tufts EWB about constructing a pump. After 8 months the pump did come and was installed by May of 2006. The pump, which was supplied by Mauricio, who lives in a nearby housing development, was also to purchase a second pump to use in the future to increase water water. 

After the water leaves the ram pump it travels approximately 110 feet vertically to the community center water tank. This tank has a diameter of 14 feet and has a height of 7 feet 6 inches. The water enters at the top of the tank and there is an exit at the bottom which travels 92 feet to a water spigot that the community uses for water. The second source of water that the community uses is the river. Recently a pipe was installed that delivers water from a location far upriver to the shrimp and tilapia aquaculture ponds. This system does not use a pump, but instead using gravity to feed the system. This required that the pipe be located uphill, which was only possible miles away from the ponds. 

2.2 Success of Systems

While the system is capable of delivering water to the community water tank, it has not proven to be reliable. The small hydraulic ram pump is too small and not built for the conditions under which it is operating. There have also been problems with repeated breaks along the pump outlet pipe. 

3.0 Filter Construction 

3.1 General Design 

The general concept for the sand filter treatment system was to create a modular system of self-contained slow sand filters in plastic barrels. The number of barrels multiplied by the per barrel filtration rate gives the total flow rate. The components of the slow sand filter system are listed below. Sieves, though not part of the actual filter design, are included in this section because they are necessary to obtain sand of the proper specification for the filter layers. 

· Foundation 

· Barrel 

· Filter Layers 

· Inlet and Outlet piping 

· Sieves 

The two major design tasks were to assure proper flow to meet the community’s drinking water demand and to design the filtration layers. 

Flow Dimensioning 

The slow sand filter has a design flow of 0.05 gallons per minute per foot squared (~ 120 liters per hour per meter squared). The flow rate is primarily a function of area. Two considerations were taken into account when estimating the amount of filtration media required: the daily potable water demand and the maximum daily flow rate provided by the pump. 

The daily demand estimate was based on 120 people. The United Nations Development Program has set the minimum daily water needs of a person at 20 L/day. So, 2400 liters are required per day to meet the village demand. Since many of the residents are children, and several of the village residents spend much of the day working outside the village, this value may be somewhat conservative. Additionally, not all water use within that 20 L/day must be potable quality. However, since the village is growing, a 2400 liter per day target was chosen for the initial filtered water production. 

However, one major constraint is the flow rate going to the filters. A previous assessment trip found a flow rate of only 2 liters per minute coming from the ram pump to the community water storage tank. This translates to only 2880 L/day, or barely sufficient to meet community demands. Other water sources may become necessary in the future. However, the 2400 liter rough target is feasible. 

The following chart shows the flow dimensioning for a single filter and the whole system in a range of units. 

	Filter Dimensions 
	
	Design flow 

	Inner diameter 
	
	122.2241 
	L/hr/m^2 

	22.5 
	inches 
	
	0.05 
	gal/ft^2/min 

	1.875 
	ft 
	
	11.355 
	L/hr/ft^2 

	Cross sectional area 
	
	72 
	gal/ft^2/d 

	2.761165 
	ft^2 
	
	
	

	0.256521 
	m^2 
	
	
	

	
	
	
	
	

	# filters: 
	3 
	
	
	

	
	
	
	
	

	Flow for 1 filter 
	Total flow 
	  
	

	31.35303 
	L/hr 
	94.0591 
	L/hr 
	

	752.4728 
	L/day 
	2257.418 
	L/day 
	

	198.8039 
	gal/day 
	596.4117 
	gal/day 
	

	0.138058 
	gal/min 
	0.414175 
	gal/min 
	


Figure 3.1: Flow dimensioning for the sand filters 

Filtration Layer Design 

The filtration layering was designed to provide effective filtration (ideally 98% removal) within the constraints of the barrel system chosen. The main constraint of the barrel system is height, which was approximately 34 inches. The outlet piping, gravel, coarse sand, fine sand, and head space to drive flow must all fit within this space. 

Prototype testing revealed that approximately 6-7 inches of head space would be required to drive the design flow through the filter once the schmutzdecke had properly developed. Additionally, the layer thicknesses of the coarse sand and gravel depended on the ability of the team to get these layers to the design specification for effective grain size. The smallest recommended layer thickness for the fine sand is 24 inches, but the dimensions of the barrel and the thickness of the other layers virtually preclude a filtration layer that thick since only 10 inches would be left for all the other layers. As a result, a layer thickness of 21 inches had to be specified. The original design called for layer thicknesses of: 

	Layer
	Specified size
	Layer thickness

	Outlet piping
	[-]
	(within gravel)

	Gravel
	4 -5 mm
	3 inches

	Coarse Sand
	1-1.2 mm
	2 inches

	Fine sand
	0.25 – 0.35 mm
	21 inches

	Head Space
	[-]
	8


In El Salvador, the designs changed slightly. The coarse sand was not able to be sieved as finely as the specified size, and as such, would not be as effective at preventing the fine sand from exiting the filter outlet. Therefore, it was deemed necessary to increase the layer to 3 inches in thickness. This made sense for a number of other reasons. First, the curved barrel sides required moving the bulkhead union up to a height of roughly 6 inches. The thicker coarse sand layer would ensure the outlet piping was covered. Additionally, 3 inches proved to be convenient height in the filter, since it nearly exactly corresponded with the volume of one 5 gallon bucket. As a result, however, the fine sand layer had to be reduced by 1 inch in thickness. Given the difficulties in obtaining properly graded fine sand, this proved an acceptable change. 

The final layer thicknesses were as follows, along with their corresponding volumes. 

Table 3.2: Final Design Layer Thickness and Volumes (per filter) 

	Layer
	Actual Size
	Layer Thickness
	Volume

	Outlet piping
	
	
	

	Gravel
	3 – 7 mm
	3 inches
	~ 5 gal ( 0.66 cu ft)

	Coarse Sand
	1 – 1.8 mm
	3 inches
	~ 5 gal/ (0.66 cu ft)

	Fine sand
	0.25 – 0.35 mm
	20 inches
	34.67 gal ( 4.6 cu ft)

	Head Space
	
	7
	


4.0 Clean Water Storage Tank 

4.1 General Tank Design 

The sand filters have an outlet that is lower than the height of the large community water storage tank next to the community center; thus, housing for the treated water must be built at a lower height than the filter outlets. This new storage tank must be able to store one day’s worth of water from the filters, provide safe storage for potable water, operate during maintenance and under higher or lower loading rates. 

The size of the tank was determined by calculating the maximum amount of water the treatment system would be able to provide. The water entering the filter system had a maximum flow rate of 0.5 gallons per minute, or approximately 720 gallons per day. 720 gallons is a volume of approximately 96 cubic ft. 720 gallons of potable water can provide each member of the community (120 members) with 6 gallons per day. 

In order for the community to clean the tank without having to drain the entire potable water supply, a twin-tank storage system was optimal. A twin-tank storage system is the coupling of two identical storage tanks so that one can be drained and cleaned while the other continues to store water. 

Thus the twin-tank storage system would be compromised of two jointed tanks; each with an approximate storage size of 48 cubic feet. Because tank walls were to be built with cinder blocks, the dimensions of the cinder blocks played a significant role in determining the length, height, and width of the tanks. The cinder block dimensions conveniently led to two tanks that were each 4’x4’x3’ (48 cubic ft). 

The water that is being stored is recently treated water, thus recontamination had to be avoided. Two separate layers of sealant were applied to the inside walls of the tank to prevent entry from the walls and the lids were to be designed to provide a tight seal. The system was designed for two concrete lids that could be removed from cleaning but would also seal the tank from the environment. The two-lid approach was also preferred because due to the weight of the concrete lids it would take more that one person to open the tanks, making it difficult to re-contaminate the water or vandalize the structure; heavy lids also prevent small children from opening the tanks. 

Because the filter system is designed on redundancy and requires frequent maintenance, the inflow to the tank will frequently vary (i.e. at some points there may be one filter running at other times three, thus, a three time increase in the loading rate). Our tanks need overflows, outlets, drainage pipes, and transfer pipe. The overflow pipe prevents water from leaking out of the tank or possibly damaging the filters. The outlet pipes connect to a small hand pump for access to the potable water. The drainage pipes allow the tank to be cleaned periodically. The transfer pipes are to keep each tank at an equal water level (the transfer pipe is closed during cleaning). The overflow drains onto the gardens in front of the school, the outlets and overflow are connected so that water is always drawn to the pump first, the drainage pipes flush out in front of the tank onto a gravel re-infiltration area, the transfer pipe, when closed, shuts off a tank from the inflow and allows for cleaning. 

The location of the tank was not decided until an agreement was reached with the community. The team discussed two options with the community: placing the tank alongside the filter system or placing the tank in an open space 120 ft from the filter system. A community meeting was held with members of each family present. The drawbacks and benefits of each option were presented and discussed. The community preferred the distant filters because the tanks would not close to soccer field and because it would be easy to gate-off. The project team preferred the location alongside the filter system because it would not be necessary to dig a long trench for the piping and the overflow was could be used in the community garden. 

4.2 Materials 

	Quantity 
	Description 

	100 
	Double Cinder Blocks 

	4 
	Single Cinder Blocks 

	2 
	15 20’ bundle of 1/8” Rebar 

	1 
	15 20’ bundle of 1/4" Rebar 

	1 
	Cubic Meter of Gravel 

	1 
	Cubic Meter of Sand 

	16 
	45 kg Bags of Cement 

	80 
	Gallons Water 

	3 
	Lb thin “tying” wire 

	4 
	2” x 5” Lumber 

	15 
	1” x 5” Lumber 

	2 
	Lbs. 1” Nails 


Table 3.3 Clean Water Storage Tank Materials

4.3 Process 

1. Dig foundation. Upon finishing the meeting that determined the site location digging begun. Digging resumed the next day and the foundation was dugout by the end of that afternoon. The team dug out a 12’x5’x3.5’ hole next to the community tank and in front of the location of the filter system. The piping between the community tank and the faucet was damaged and rerouted in order to continue construction at the site while providing the community with water. Soil was used to even out the terrace next to the school. 

2. Gravel layer. Pour 20 cubic ft of gravel (30 5-gallon buckets) into the foundation. The gravel that is used for this layer was sieved with the smaller pieces being used for the lids and fill for the tank walls. Level and flatten the gravel layer for the concrete foundation. 

3. Build foundation frame. 2”x5”x11’ pieces of wood were nailed together to form a frame with insides that are 10’x5’4”. V-notches were cut into the wooden frame for the exit locations for all the piping. These v-notches allow the piping to be built into the concrete foundation. 

4. Build tank frame. Four separate types of rebar pieces were used to make the frame. Type 1: U-piece 32” tall, 56” wide; Type 2: U-piece 32” tall, 112” wide; Type 3: 32” tall, 128” wide; Type 4: LUL-piece, 16” Out, 32” tall, 8” wide. The first level of cinderblocks for the tank walls was laid out to provide a template for setting up the frame pieces. The pieces were lined up and then tied with thin “tying” wire at each crossing point.

5. Align frames. Aligned the wooden foundation frame inside the excavation. Placed the tank frame inside the foundation frame and elevated the tank frame using 2” tall rocks. This elevation allowed the frame to settle in the middle of the concrete. 

6. Concrete Foundation 1. The first batch of concrete was prepared according to the EWB national guidelines. This mix was too thick and the team members calculated that the water content was too high. An uneven 2” layer of concrete was laid using this mix. 

7. Make a new mix for concrete. A mix was designed to be 1 part cement, 2 parts sand, and 3 parts gravel. The mix was simplified for easier batch making: 1 bag of cement, 3 5-gallon buckets of sand, 4.5 5-gallon buckets of gravel. 

8. Concrete Foundation 2. Using the new mix, the team finished off the foundation with a 4” layer. This required 5 batches of the new mix. Photos were taken that show the difference in both batches.

9. Tank Walls. The tank walls were built using cinderblocks and then filled with the new concrete mix; the first fill was using fine gravel instead of coarse gravel. The cinderblock layout was followed, however, four blocks were misaligned on the second level, the half blocks were not used. Mortar was used in between the cinder blocks and in between each level of cinder blocks. The mortar mix used is 1 bag of cement, 6 5-gallon buckets of sand. The mortar that was used to finish off the tank was spread unevenly on the tops of the tanks. There was a “hump” along the top of the wall that joins the tanks. This “hump” certainly affects the protective seal that the lids will provide. 

10. Water-seal the inside walls. A sealant was applied to the inside walls of the tank to prevent the water from leaking outside the tank. Two layers of sealant were applied. The first mix was 1 part cement, 3 part sand. The second batch was 1 part cement, 1 part sand. The first mix was altered because it was too thick. 

11. Tank maintenance. The tank was wet several times daily to help the concrete cure. 

12. Lid frame: 10 1”x5”x5’ boards were nailed to together with 4 2”x2” boards to create the frames for the lids. The inner dimensions of the frame are 4’x4’. Two notches are cut into the center of the frame to act as entrances for piping. 

13. Lid rebar frame. ¼” rebar was used and the rebar was tied at each crossing. 

14. Concrete. Less than 2 batches of the concrete mix were used to max this frame. Allowed curing for 1 day with wetting. The lid broke on one corner when it was removed from the frame. 

15. Two half-lids. Because the first lid was too heavy to lift on a regular basis the team decided to make two lids half the size of the first to finish off the tank. 2”x2” piece of wood was nailed down the middle of the previous lid frame and the same process was followed. 

16. After half-lids were in place the piping to the tank is installed and the piping exiting the tank to the overflow and pump are finished. 

4.3 Final Outcome 

The twin-tank storage system was not entirely completed due to the broken lids. Because the lids play a large role in the safety of the structure and the cleanliness of the water these will be redesigned and rebuilt. 

5.0 Piping 

5.1 Design 

Inlet Piping 

[image: image1.png]


 

The inlet piping comes straight from the community’s ram pump. The flow is directed towards the three filters located next to the community water tank. As the water falls from the top of the tank to ground level, it fills a 3” pipe. This larger diameter pipe was selected to keep a more constant height in case the pump were to become inconsistent. 

The water is sent by gravity to the three water filters. Before the water reaches the filter it must pass through a gate valve, which is used as an inexpensive flow rate valve. The end of the piping bringing water to the filters was capped so that if another filter is  required in the future it would be easy to tie-in to the pre-existing pipes. 

To Clean Water Storage Tank 

The outlet piping from the water filters is attached to the 55 gallon barrel using a 1 inch bulk head union. The outlet contains a drain that is capped, a valve to turn the filter off, and a stand pipe that allows the water to reach 2 inches above the sand level, keeping the schmutzedecke wet at all times. 

There is piping attached directly to the lids on the water filter and using a coupling that is not cemented the clean water is delivered to the storage tank. 
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	Item 
	Size 
	Quantity 
	Description 

	1 
	1” 
	12 
	MALE x SLIP PVC 

	2 
	1” 
	4 
	EL PVC SLIP x SLIP 

	3 
	1” 
	7 
	TEE PVC SLIP x SLIP 

	4 
	1” 
	3 
	FEMALE x SLIP PVC 

	5 
	1” 
	3 
	COUPLE PVC SLIP x SLIP 

	6 
	1” 
	3 
	PIPE CAP GALV. 


Clean Water Storage Tank 
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	Item 
	Size 
	Quantity 
	Description 

	1 
	1” 
	16 
	EL PVC SLIP x SLIP 

	2 
	1” 
	3 
	TEE PVC SLIP x SLIP x SLIP 

	3 
	1”x4” 
	1 
	REDUCING COUPLE SLIP x SLIP PVC 

	4 
	4” 
	4’ 
	PIPE PVC 

	5 
	4”x2” 
	1 
	REDUCING COUPLE SLIP x SLIP PVC 

	6 
	2” 
	6” 
	PIPE PVC 

	7 
	2” 
	1 
	FEMALE x SLIP PVC 

	8 
	1” 
	- 
	PIPE PVC 


The storage tank piping is designed to have the hand pump located away from the soccer field so that it is out of the way. This was a large restriction that made the piping design much more complicated. 

To evenly distribute the water inside of the tank, a “U” shaped pipe was placed in the foundation to let water travel from one side to the other. When the periodic cleaning is being done this “U” must be blocked with a tall stand pipe with an attached couple. This will stop water from flowing between the two halves of the tank. 

When the system must be emptied for cleaning there are to clean out pipes located on the front of the tank that are sealed with a threaded cap. This was selected over a valve because there was less that an unauthorized person would empty the tank as it requires a pipe wrench. 

To pump the water out, each tank feeds a miniature well that has a 4” diameter. This system allows the use of a common, inexpensive hand pump bought at a local hardware store while not necessitating standing on top of the tank to pump out water. 

The final important feature of the clean water storage tank are the tank overflows. As part of the deal to take some of the area in the garden it was agreed that the overflows would water the garden. Each side of the tank has it’s own overflow, both flowing into different gardens. 

5.2 Materials 

Because the area of the piping system installed by the group has a very low pressure, all parts were standard and could be found in the country. The two primary companies that sell piping parts in El Salvador are Amanco and Tigre. An effort was made to use Amanco whenever possible as the team was able to verify that the parts meet all standards in the United States. Amanco is a company based in Central America and is the largest supplier to the region. 

To add to the sustainability of the project, the goal of this system was to have it as inexpensive and as standard as possible. As 1 inch pipe and fittings are available in the near by village, this size was given preference. All piping observed in the community was also 1 inch. 

All pipe installed in the system is 1” PVC as it is inexpensive, easy to work with, and met all pressure requirements. One disadvantage of PVC versus hard piping is the risk of it being broken underground from weight above it. To mitigate this risk, the pipes were buried at a minimum of 24 inches. 

5.3 Process 

Due to the variables going into the project such as the location of the tank the design changed throughout the project as it became more defined. This required several reworks of calculations and new drawings to ensure all parts needed were purchased. 

Standard procedures for piping were utilized in this project. All cuts made in the PVC pipe were made with a hacksaw which was bought at a local hardware store. This saw was left in the community for any further work needed. 

The common practice in the area to attach PVC is to heat up the bell end and merge the two pieces together. As this is not standard practice the group used PVC cement for a stronger connection. All pipes and fittings were sanded down with sand paper and cement was applied. 

All threaded pieces were covered in Teflon tape which was applied in the direction opposite to that of the threads to ensure it does not loosen during the tightening of the pipes. Pipe wrenches were utilized for the installation of all threaded connections. 

5.4 Final Outcome 

All piping laid out in the above piping diagrams was constructed during the trip. Unfortunately, the ram pump broke on the last day of piping installation. This meant that the group did not have an opportunity to test the system. Water could not be wasted as it is a valuable commodity during the dry season. 

5.5 Future Work 

Since the team left El Salvador the ram pump has been damaged to the point that it cannot be fixed. The El Salvador project team is researching the feasibility of bringing a ram pump to the community to replace the damaged unit. This is essential to the filter as it can not go without water for more than 12 hours as the standing water on top of the sand will begin to evaporate which could kill the biologically active layer. 

6.0 Water Board 
6.1 Introduction 

In the summer of 2006, the necessity for the creation of a water board to act as the responsible body for maintaining the water system in Arada Vieja was introduced to community members.  Water boards are an essential component of project sustainability, and therefore the formation of water board was a high priority for the project implementation trip.  In January, members of the community elected four people to the water board positions.  Honduran water board laws were used as a template to define the roles and responsibilities of each water board position.  El Salvador does not have standard water board laws, and unlike in Honduras the national government of El Salvador does not give community water boards legal control of rural water systems.

6.2 Responsibilities of Water Board 

The water board, in working with the entire community, hold ultimate responsibility for the maintenance of the community water system. It is the job of the board to supervise the correct application of water system rules and propose new rules as is necessary. The board must watch over the functioning of the system and make repairs swiftly to ensure the community’s access to water. The treasurer of the board must record the receipt of monthly payments from community members and of repair costs. It is also the responsibility of the water board to hold periodic meetings to evaluate the function of the water system. 

The community members benefiting from the system are responsible for being on time with monthly maintenance payments and attending community meetings that address water issues. They must also comply with the water system rules as they pertain to water use, system maintenance and monthly payments. The water system users must also take personal responsibility for protecting the system from external damage. 

6.3 Elections 

Two members of the travel team, one advisor and one student, facilitated the elections for the water board members. The travel advisor had worked extensively with water boards after spending two years in Honduras with the Peace Corps. The elections followed a description of each board position. Community members collectively discussed their choices for the positions and reached a consensus without a formal oral or written vote. The board members are as follows: President – Gregorio Tobar, Vice President – Manuel Ayala, Secretary – Ricardo Ochoa, and Treasurer – Alfonso Roman. 

6.4 Training 

Four training sessions were held throughout the trip to teach water board members about aspects of system maintenance. These included doing regular checks of the filter system components, total coliform water quality testing, determining an amount of money to collect from families in order to cover maintenance costs, and recording all system repairs and payments from families. The training sessions were held in the evening after the board members were finished working. Each session lasted between one to two hours. In order help the water board with their responsibilities, the travel team established weekly times to call the water board to answer any questions about the function of the filters. 

In addition to the training sessions, while constructing the sand filters at least two board members were always present. They watched the construction of the first filter and then assembled the second and third filters so that they would understand all the filter components. The board members worked sieving and washing sand, installing tubing and piping, filling the filters with sand and backfilling them with water. 

7.0 Health Surveys 

7.1 Introduction 

General health surveys were conducted in the community in order to collect data to supplement information gathered in July 2006 to assess the community’s health conditions, practices, and concerns. A total of 2 surveys were conducted, both with community members of Arada Vieja. The health surveys that were used were a modified version of the survey conducted in July 2006. All modifications made to the survey were adjusted according to the team’s previous knowledge of the community and recommendations provided by our community health faculty advisors. Once we received our approved health surveys the team had the surveys translated by an official translator. All members of the travel team were IRB certified to conduct health surveys before traveling. 

7.2 Methods 

The health surveys were conducted by one surveyor and attended by one witness (both of whom were travel team members) at the homes of the community members. Two women participated in the Community Individuals health survey. All survey participants were appropriately surveyed according to IRB protocols: all participants were read their rights as participants and received a consent approval form before participating in the health surveys. 

8.0 Water Quality Analysis 

8.1 Overview of Water Testing Locations 

In Arada Vieja, the majority of the community gets their daily drinking water from a spicket, referred to in this document as “el chorro”. Before the installation of the water filtration system, the water from this location came directly from a very large water tank. (Note: all water quality up to and including this point has been done prior to installing and activating the sand-filtration system). Water is pumped up to this large tank via a hydraulic ram pump which sits 100 feet down a large hill. The water from this pump comes from a middle holding tank that located approximately 25 feet uphill. This tank’s water is gravity fed from a spring located about a quarter-mile up stream and across a river. This river runs close to the ram pump and is where the majority of the community bathes and washes their clothes, the children also play in this water frequently. During the rainy season, the community also collects water in rainwater collection barrels for everyday use. It is estimated that each family in the community uses about 80L of water per day (Tufts EWB Health Survey Results, 2006).

The four main water quality testing sites were the spring, the middle holding tank, “el chorro”, and the river. Water samples were taken in 100mL sampling bottles and all tests other than bacteria testing (which required incubation) were done in Arada Vieja in the community center.

8.2 Water Analysis Tests Methodology
8.2.1
La LaMotte pH Strips Test

A section of the provided pH range-defining test strips is held under water for 10 seconds. The strip is then removed, held to dry for 5 seconds, and then compared to the pH-range indicator display. The same procedure is then repeated for the specific pH-range determined by the initial test. When strips do not appear to be a specific color, the level is estimated based on indicator strip color hue.

8.2.2 LaMotte Turbidity in Water Test Kit Model TTM Code 7519

This test quantifies the turbidity of a measured amount of sample water with an identical amount of turbidity-free water.

Quantities of LaMotte Standard Turbidity Reagent, in droplet form, are singularly added and mixed completely into a 25mL sample of the turbid water. After each droplet is added and fully mixed, the clarity of the turbid sample is compared with that of the non-turbid sample until the two samples appear to be equally clear. This droplet amount is then translated to a concentration amount on the provided kit results chart, which then also displays the respective quantified turbidity level (in JTU.)
8.2.3 LaMotte Phosphate Test Strips

A section of the provided phosphate range-defining test strips is held under water for 10 seconds. The strip is then removed, held to dry for 5 seconds, and then compared to the phosphate-range indicator display. The same procedure is then repeated for the specific phosphate-range determined by the initial test. When strips do not appear to be a specific color, the level is estimated based on indicator strip color hue.

8.2.4 Phosphate CHEMets Kits K-8510

Test Procedure:

1. Fill the sample cup to the 25 mL mark with the sample.

2. Add 2 drops of Activator Solution.  Cap the sample cup and shake it to mix the contents well.

3. Place the CHEMet ampoule in the sample cup.  Snap the tip by pressing the ampoule against the side of the cup.  The ampoule will fill leaving a small bubble to facilitate mixing.

4. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time.  Wipe all liquid from the exterior of the ampoule. Wait 2 minutes for color development.

5. Use the appropriate comparator to determine the level of phosphate in the sample.  If the color the CHMet ampoule is between two color standards, a concentration estimate can be made.

a. Place the CHEMet ampoule, flat end downwards into the center tube of the low range comparator.   Direct the top of the comparator up towards a source of bright light while viewing from the bottom.  Rotate the comparator until the color standard below the CHEMet ampoule shows the closest match.

b. Hold the high range comparator in a nearly horizontal position while standing directly beneath a bright source of light.  Place the CHEMet ampoule between the color standards moving it from left to right along the comparator until the best color match is found.

8.2.5 Nitrate/Nitrite CHEMets Kit

Test Procedure:

1. Fill the sample cup to the 25 mL mark with the sample.

2. Add 2 drops of Activator Solution.  Cap the sample cup and shake it to mix the contents well.

3. Place the CHEMet ampoule in the sample cup.  Snap the tip by pressing the ampoule against the side of the cup.  The ampoule will fill leaving a small bubble to facilitate mixing.

4. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time.  Wipe all liquid from the exterior of the ampoule. Wait 2 minutes for color development.

5. Use the appropriate comparator to determine the level of nitrate in the sample.  If the color the CHEMet ampoule is between two color standards, a concentration estimate can be made.

a. Place the CHEMet ampoule, flat end downwards into the center tube of the low range comparator.   Direct the top of the comparator up towards a source of bright light while viewing from the bottom.  Rotate the comparator until the color standard below the CHEMet ampoule shows the closest match.

b. Hold the high range comparator in a nearly horizontal position while standing directly beneath a bright source of light.  Place the CHEMet ampoule between the color standards moving it from left to right along the comparator until the best color match is found.

8.2.6
3M Petrifilm for Total Coliform and E. Coli
Bacteria counts were determined by using the method by 3M Petrifilm for Total Coliform and E. Coli.  For this method, a 1 mL sample is pipetted on a 3M Petrifilm plate.  The samples are then placed in a portable incubator (Hach Product # 2569900) for 24 hours at 35oC.  After 24 hours the bacteria count is determined.

8.2.7
 Iron CHEMets Kit K-6010

Test Procedure:

6. Fill the sample cup to the 25 mL mark with the sample.

7. Add 2 drops of Activator Solution.  Cap the sample cup and shake it to mix the contents well.

8. Place the CHEMet ampoule in the sample cup.  Snap the tip by pressing the ampoule against the side of the cup.  The ampoule will fill leaving a small bubble to facilitate mixing.

	4-Jan
	
	
	
	

	
	Various Tests
	
	
	

	
	
	
	
	

	
	Source
	Middle Holding Tank
	River
	Spring

	Test
	Unit
	Reading
	Reading
	Reading

	pH
	[-]
	6.5
	6.7
	6.8

	Turbidity (Jenkins' tap water used as standard)
	JTU
	no significant turbidity
	7
	no  significant turbidity

	Phosphate (strips)
	mg/L P
	12
	6
	15

	Iron
	mg/L p
	invalid
	invalid
	invalid

	Nitrate
	mg/L P
	0.7
	0.2
	0.2

	Nitrite
	mg/L P
	0
	0
	0

	
	
	
	
	

	
	Bacterial Testing
	
	
	

	
	
	
	
	

	Source
	Test
	TC (total Coliform)
	E. Coli
	

	 
	 
	#/mL
	#/mL
	

	Middle Holding Tank
	1
	11
	0
	

	 
	2
	10
	0
	

	River
	1
	142
	0
	

	 
	2
	132
	0
	

	
	
	
	
	

	9-Jan
	
	
	
	

	
	Bacterial Testing
	
	
	

	
	
	
	
	

	Source
	Test
	TC (total Coliform)
	E. Coli
	

	 
	 
	#/mL
	#/mL
	

	Spring
	1
	64
	0
	

	 
	2
	89
	0
	

	Middle Holding Tank
	1
	13
	0
	

	 
	2
	12
	0
	

	River
	1
	300+
	3
	

	 
	2
	300+
	2
	

	 
	3
	300+
	1
	

	
	
	
	
	

	17-Jan
	
	
	
	

	
	Various Tests
	
	
	

	
	Source
	Middle holding tank entry pipe (from Ram Pump)
	el chorro
	

	Test
	Unit
	Reading
	Reading
	

	pH
	[-]
	6.6
	7.1
	

	Phosphate (strips)
	mg/L P
	15
	*20, 25
	 *Phosphate tests do

	Phosphate (CHEMmets Kit)
	mg/L P
	1, 0.8
	0.9, 1
	  not agree

	Nitrate
	mg/L N
	0
	0
	

	Nitrite
	mg/L N
	0.05
	0
	


9. Mix the contents of the ampoule by inverting it several times, allowing the bubble to travel from end to end each time.  Wipe all liquid from the exterior of the ampoule. Wait 2 minutes for color development.

10. Use the appropriate comparator to determine the level of iron in the sample.  If the color the CHEMet ampoule is between two color standards, a concentration estimate can be made.

a. Place the CHEMet ampoule, flat end downwards into the center tube of the low range comparator.   Direct the top of the comparator up towards a source of bright light while viewing from the bottom.  Rotate the comparator until the color standard below the CHEMet ampoule shows the closest match.

b. Hold the high range comparator in a nearly horizontal position while standing directly beneath a bright source of light.  Place the CHEMet ampoule between the color standards moving it from left to right along the comparator until the best color match is found.

8.3 Results

8.4 Significance of Results

8.4.1 pH

The pH of the river, holding tank, and spring were all found to be very close to neutral, and therefore the levels at all three sources were not harmful.

8.4.2 Turbidity

The samples from both the holding tank and the spring were found to be non-turbid, and the river sample was found to be slightly turbid, and therefore potentially unsafe for drinking but not necessarily for bathing and washing of clothes.

8.4.3 Phosphate 

Federal law states that the maximum contaminant level (MCL) of phosphate in water in the United States is 5.0 mg/L. The first set of results, done on January 4th, found the phosphate level at the river to be very close to this, and therefore safe. But it also found the levels in the middle holding tank and spring to be slightly high. The effects of these levels may be further examined in the future. The second set of tests, done on January 17th, were inconclusive because two separate types of phosphate tests of the same water produced separate results.

8.4.4 Nitrate/Nitrite

The US Environmental Protection Agency established a maximum safe nitrate level in drinking water of 10 mg/L. The first nitrate test done found a very small, nearly insignificant amount of nitrate in the holding tank, river, and spring.  The second test found no discernable nitrate flowing to the holding tank or el chorro. The first test found zero nitrite in all three locations, and the second test found none at el chorro and a barely detectable level flowing to the holding tank. None of these results showed dangerous levels of nitrate or nitrite.

8.4.5 Total Coliform and Escherichia coli (E. Coli)
The US EPA requires a MCL of 0 Total Coliform and E. Coli per 100mL of drinking water. The first round of tests found zero E. Coli colonies in the holding tank and the river. However, an extremely high count of total coliform was found in both sources (approximately 1,000 colonies per 100mL in the holding tank and 14,000 colonies per 100mL in the river). The river water was deemed not only unsafe for drinking, but also unsafe for recreational activity (such as swimming, bathing, or washing clothes). The second test was equally extreme. The river was once again determined to be unsafe for recreational activity, but an additional 200 E. Coli colonies were found as well. The water in the middle holding tank and the spring, containing 1,250 and 72,000 total coliform colonies per 100mL respectively, was found to be completely unsafe for drinking, and the spring water is potentially unsafe for recreational activity as well.

8.5 Future efforts

The water filtration system installed this January, based on results found from the sand filter prototype tested on campus in December 2006, should work to greatly decrease the dangerous bacteria levels in the water, and make it much more suitable for drinking and cooking and surely suitable for recreational activity.
9.0 Budget 

9.1 Budget Records 

The total amount spent on the January 2007 El Salvador trip, including airfare, was $4,837.09. 

Of this money spent, $1,619.90 was spent on food and supplies; $3,097.19 was spent on travel to and from El Salvador; and $120.00 was spent on travel within El Salvador.
A detailed chronological spreadsheet of the distribution of funds spent, as reported to the Tufts University department of Civil and Environmental Engineering, is displayed in Table 9.0 below.

	Jesus Sanchez
	 
	Allison Schuster
	 
	Brad Kelly
	 
	Kate Siegel
	 
	Joe Weidenbach
	
	  Lars Hanson
	
	Veronica Chouinard
	

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	Michaels Ribbon
	$4.19

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	Target, Med Kit
	$31.83

	Customs Visa
	$10.00
	Customs Visa
	$10.00
	Customs Visa
	$10.00
	Customs Visa
	$10.00
	Customs Visa
	$10.00
	Customs Visa
	$10.00
	Customs Visa
	$10.00

	Budget Binder
	$1.30
	Cab to Airport
	$17.00
	
	 
	
	 
	
	 
	
	 
	
	

	Work Gloves
	$2.13
	Drive from Airport
	$55.00
	
	 
	
	 
	Drive from Airport
	$10.00
	
	 
	
	

	Measuring Tape
	$3.54
	
	 
	
	 
	
	 
	
	 
	
	 
	
	

	
	
	
	 
	
	 
	
	 
	
	 
	
	 
	Agro-ferreteria
	$11.70

	Agro-ferreteria
	$20.00
	Agro-ferreteria
	$7.75
	Vidri supplies
	$211.25
	Piping valves
	$43.05
	Agro-ferreteria
	$110.00
	Agro-ferreteria
	$34.70
	Water
	$11.55

	Agro-ferreteria
	$6.00
	Agro-ferreteria
	$33.00
	Agro-ferreteria
	$137.75
	Groceries
	$103.88
	Agro-ferreteria
	$29.00
	
	 
	
	

	
	 
	
	 
	Vidri supplies
	$211.25
	
	 
	
	 
	
	 
	
	

	
	 
	
	 
	
	 
	Agro-ferreteria
	$6.00
	
	 
	
	 
	
	

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	
	

	
	 
	Agro-ferreteria
	$16.00
	Agro-ferreteria
	$22.00
	Agro-ferreteria
	$43.00
	Agro-ferreteria
	$5.00
	Agro-ferreteria
	$3.00
	
	

	
	 
	
	 
	
	 
	
	 
	Selectos, food
	$92.08
	Puesto de Barriles
	$57.00
	 
	

	
	 
	
	 
	Agro-ferreteria
	$301.14
	
	 
	
	 
	Sand Transportation
	$35.00
	Agro-ferreteria
	$15.00

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	
	

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	
	

	
	 
	
	 
	
	 
	
	 
	
	 
	
	 
	
	

	Campero 33
	$50.00
	
	 
	
	 
	Truck to town
	$20.00
	
	 
	
	 
	
	

	 Plane Ticket
	$501.00
	 Plane Ticket 
	 $501.00
	 Plane Ticket
	$501.00
	 Plane Ticket
	    $501.00
	 Plane Ticket
	 $501.00
	 Plane Ticket 
	 $501.00
	 Plane Ticket
	 $501.00

	
	$593.97
	
	$639.75
	
	$1,394.39
	
	$726.93
	
	$757.08
	
	$640.70
	
	$585.27

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	Supplies
	$1,619.90
	
	
	
	
	
	
	
	

	
	
	
	
	Travel  (to ES)
	$3,598.19
	
	
	
	
	
	
	
	

	
	
	
	
	Travel  (in ES)
	$120.00
	
	
	
	
	
	
	
	

	
	
	
	
	FINAL TOTAL
	$5,338.09
	
	
	
	
	
	
	
	


APPENDIX A

El Salvador Water Project 

Spring Break Follow-up
March 16 – March 25
Trip Notes: Nathan Ladd

Friday, March 16 2007


Jonathan Crocker and I arrived in San Salvador on time and without any problems. Ilya Josefson was traveling on a separate flight which was delayed in Miami about six hours. While waiting for Ilya, Jonny and I met up with our NGO contacts Mike and Susan Jenkins. The Jenkins brought us back to San Jose Villanueva to drop off our bags and we then returned to the airport to pick up Ilya. Ilya arrived with the ram pump in his checked luggage. We opened the pump up once we got back to Mike and Susan’s house in San Jose Villanueva and realized that we were missing the rubber gasket that seals the compression chamber. Without that gasket the pump cannot function because it cannot build up pressure to force the water uphill. We contacted Allison Schuster and Sarah Freeman at Tufts and asked them to check the lab where the gasket could have been left or to try to find a replacement gasket that Prof. Durant could bring down with him March 19th.

Saturday, March 17

We purchased our construction supplies at the hardware store in San Jose Villanueva and rode in the supply delivery truck to Arada Vieja. Supplies included:


-3 cots



-3 mosquito nets



-sheets



-1 Green recycling bin


-Ram pump


-4, 5 gallons jugs of drinking water


-valves



-4, empty 2.5 gallon jugs


-food



-cement


-gravel



-sand


-rebar



-wood (1x6 boards)

Upon arriving in the community, we assessed the existing pump, piping system, and the foundation that the for the pump currently in place. We chose to remove the back quarter of the existing foundation and build a new foundation directly behind the existing one (see diagram 1). We would then extend the inflow and outflow pipes another 12”-24” the reach the new pump.


We began construction on the new foundation. We demolished the back of the old foundation to give us space to build a new one. The reason for constructing a new foundation was to be able to put bolts into the cement so that we could then secure the pump directly onto the foundation. The new foundation wasn’t dug into the ground, but instead we built up the side with large rocks to hold in the bottom layers of sand and gravel. We filled in the bottom of the foundation with rocks and then poured sand over the rocks to fill in the spaces. We then poured a layer of gravel 1.5”-2” thick on top of the rocks and sand. We will then pour the cement on top of this (See diagram 2). The exact dimension of the new foundation will be 39 1/8” x 44 ½”. We set up the form, sand and gravel, and rebar so that we will be ready to start mixing the cement first thing the following morning.

We forgot to bring to the community with us are the valves and bolts for the pump and the first aid kit.

Sunday, March 18


In the morning we brought the rest of the sand and gravel needed for mixing the concrete down to the pump site. We then sieved sand while we waited for Mike and Susan to arrive with the bolts. We couldn’t begin pouring the concrete until we had the bolts because we needed to set those into the foundation. Mike and Susie arrived and we began mixing the concrete. For our concrete mix we used:


-4, 5 gallon buckets of sand


-4.5, five gallon buckets of gravel


-1, 100lb bag of cement


-2, 5 gallon buckets of water

This first batch wasn’t enough to complete the foundation so we made a second batch where the mix was:


-4, 5 gallon buckets of sand


-3.5, 5 gallon buckets of gravel


-1, 100lb bag of cement


-2, 5 gallon buckets of water

We used less gravel in this mix so that we would be able to smooth the top of the foundation better. We threaded the eyebolts onto the rebar and then poured the concrete into the mold. We spaced the bolts 6.5” apart from center to center and the bolts are 14” and 14.5” from the back of the foundation (see diagram 3) The inflow pipe (measured from the start of the threading to the middle of the bolts) is 51” away and the outflow pipe is 74” away.


We went back to San Jose in the afternoon, because we needed to purchase more supplies. The items we needed to get were:


-lots of 1” couplings


-variety of 1” nipples; 2”, 4”, 6” ,8” 12”


-2, ¾” to 1” adapters


-1/2” washer


-36” of 1” galvanized iron pipe
-epoxy


-60” of 1” galvanized iron pipe
-1” rubber coupling







-rubber gasket to replace the missing one

Monday, March 19


We went to Santa Tecla in the morning to get the parts listed above. Last night we found the o-ring gasket we believed to be missing. It was buried under the peanuts in the pump box. We had some difficultly getting the right lengths for the piping. We had to buy all 1.25” pipe for the intake and .75” pipe for the outflow since we couldn’t find any 1” couplings to piece the pipe together. The existing piping in the system is 1” pipe and the ram pump’s intake is 1.25” and the outflow is .75”. We picked up Prof. Durant at the airport and had lunch at a restaurant at the beach. 

We face another set back now though. I was looking through the photos of a photographer friend of the Jenkins and noticed that the community members poured unclean sand into the filters. So we’re not sure if the second filter has been filled with unclean sand too. The filters must be filled with cleaned sand in order to effectively filter the water. Things that we need to bring tomorrow are:


-gaskets



-teflon tape


-pipe sections



-first aid kit


-pvc pipe sections


-wrenches


-duct tape



-tape measure


-rags

Our trip reevaluation goals are:


1) Get pump running


2) Get filters running



-All three running



-Need to check sand in second filter for being cleaned and properly sieved



-Sieve and clean sand for third filter

Tuesday, March 20


We went into Arada Vieja at 7am and started work on the pump immediately. We had the pump up and running by noon, but there seem to be leaks in the piping up to the community center. We repaired the leaks in the piping in the afternoon. The tank at the community center is now filling with a flow rate of about 4 liters/min. The inflow into the ram pump has been too high and the water level in the tank between the spring and the pump has been dropping for the past four hours and is down about 1 meter. We adjusted the valve at the inlet of the pump to minimize the inflow. The pump is hammering 25 times/min. We showed Abel how to start the pump when the pipes are full of water and when they are empty. We will check on the pump later tonight to make sure the water level in the spring tank doesn’t drop too much. We had to use a variety of different length piping and therefore there are some leaks on the inflow and outflow where the piping connects together. A task for another trip will be to replace the piping with one or two pieces. We also discovered that the outlet on the ram pump is actually 1” with just a .75” adapter. 

Wednesday, March 21


We turned the pump off last night so as not to drain all the water from the spring storage tank. The current level on the water tank is 36.5” below the edge of the tank. We shut the inflow valve some more and are going to leave the pump and hopefully the water level will start rising again. To calibrate the pump we raised the rubber pad that the hammering valve slams down on. This makes for shorter hammering strokes and it won’t need as much water to perform the hammering. We moved the weight back so that the valve can open more easily. This allows for the pump to operate with a lower intake velocity. Alfonso, an important member of the community and also a member of the water board has been working with us today. His wife tells us he has had a relapse to drinking, but he promises to work with us the rest of our stay. 


We got the pump operational today and the level of the spring tank is a least being maintained, if not going up. The pump is operational at about 13 strokes/min. We have the ball valve at the tank fully open and the gate valve at the inlet is mostly closed. We determined the openness of the valve doesn’t affect the amount of water coming down in the intake as much as the rate of the hammering does. The more the pump hammers the less water from the intake will be used. The recommended number of hammer/minute is a maximum of 100, but we do not see any reason why we cannot go above that limit. We attempted to measure the spring flow but it’s difficult to get an accurate measurement. The flow at the community center is 2 L/ 84 sec. It is about a 16% efficiency, but we are not sure if our numbers are accurate. 


We have not yet begun to run the filters, but we’re having the community members take water directly from the pump line, instead of having it go into the storage tank first as that probably isn’t clean. We sieved and washed 6 buckets of sand today. Our goals for tomorrow are to see an increase in the water level of the spring water tank and the start running water through the filters. Prof. Durant raised the concern that the fresh water holding tanks built last trip and at the very least they need to be cleaned before putting water into them.

Thursday 3/22


Today is World Water Day. How appropriate. We began by making some executive decisions. We are going to leave the sand in the filters as it is. We found another source of already sieved sand through an organization called Agua Viva (Living Water) which is building hundreds of family size slow sand filters. We haven’t actually seen the sand, but hope to see it tomorrow when we bring John to the airport. We will get the sand, but won’t put it in the filters this trip for a few reasons. First, there is a chance that the sand we have now could work, and we want to investigate this possibility. Secondly, it would be unfair to the community to have them sieve and wash all that sand only to tell them that it is unusable and we have found other sand already sieved. Third, it would be to large an undertaking to try to finish the filters with new sand with only two and a half days left. 


 Instead of working on the filters for the remaining days, we are going to focus our efforts on making sure everything about the pump is correct and they can easily get water to the community center. We would prefer that community members do not get water from the tank at the community center, so we’re going to install a small tap that will allow them to draw water before it goes into the tank. We also purchased ball valves to replace the gate valves at the inlet and outlet of the pump to they can be visually seen how opened o closed the valves should be.


We bought cleaning supplies for cleaning the smaller 4x4x4 tanks which we might be able to this trip or might have to wait until next rip. Our main obstacle now is to find a way to increase the pressure head in the filters because we don’t think that the 3” of head allowed for now will be enough to push the water through the filters. 


Our contact to obtaining the pre-sieved sand is a man named Rene Martinez (7786-5047). He’s in charge of the Agua Viva project overseeing the construction of their filters. The factory where they build the filters is located in Comalapa in Zona Fraca near the airport. A man, Jorge (7786-5049), works there and we called him to verify directions. We calculated we’d need .4 cubic meters of sand for two filters, but we should get at least 1 cubic meter of sand to be safe.  Once back in the community we made the following measurements: 


-Water level in the spring water tank went up 18.5”in 22.5 hours, so almost .75”/hr.


-Pump’s operating at 138 strokes/minute.


-The outside valve of the pump is moving 5/16” up and down.


-The balance weight on the hammer is as far back as it can go.


We replaced the ¾” gate valve with a ball valve. We also tried to replace the 1.25” gate valve with a ball valve. But after installing the ball valve we couldn’t get the pump to function properly. We’re guessing the ball valve slows down the velocity of the water too much and therefore the pump won’t hammer properly. So we reinstalled the gate valve on the intake piping. We left the pump running overnight before we hiked back to San Jose Villanueva.

Friday 3/23


We had to bring John to the airport today and wanted to look at the sand we found online yesterday. We took a cab to the airport, said good-bye to John, and then went in search of the sand. We had a bit of difficulty finding the place and had to stop and ask for directions multiple times. It wasn’t very well known and when we finally found the place, the only identifier was a spray painted sign on the outside of the building. We checked the sand with some of the sieves we brought to make sure it was the correct grain size. The sand isn’t perfect, but we can use 40-50% of it. It was pre-washed also, but we’ll have to wash it again just to be sure. They gave us the sand for free and we we’re able to hire a truck to bring it back to San Jose for us. They let us have 7 burlap sacks full, and we left them in storage in a building that Luis, the hardware store proprietor in San jose Villanueva, owned for storage until the next trip. 


Susie drove us into Arada Vieja that afternoon. Ilya took some water samples that we are going to incubate overnight. We took samples from the spring, the excess pump water, the water before is enters the community tank, and water from the community tank.


The community members built a brick housing around the pump this morning that will hopefully protect it during the rainy season. They chained and locked the pump also. To build the housing, they shut the pump off and then restarted it at a hammer rate of 136 hits/minutes. The level of the spring tank went up another 3” from yesterday. The tank at the community center is slowly filling and we estimate there’s about 12” of water in it. We glued on caps to the inlet pumps of the filters to make sure that they won’t accidentally be started before they’re ready.

Saturday 3/24


Jonny and I spent the night in the community. Ilya’s flight left today, so he had gone back with Susie yesterday to get the water samples started. We took a walk through the country side in the morning with Ronaldo, a newer member to the community who’s about our age. We saw some of Alfonso’s more remote corn fields and saw a lot of the different plants and wildlife. When we returned later that morning, we measured the level in the spring tank again and saw that it had dropped 12” overnight. We examined the pump and noticed that the balance weight had slid forward, so we put that back in position and tightened the bolts better. By the afternoon the spring tank level was rising slowly again. We measured the excess water flow from the pump to be about 5gal/1:15minutes and the flow rate at the community center to be 5gal/8:06 minutes. We also drained the water out of the filters to ensure that the sand will stay clean. 


We were picked up by Susie later that afternoon. When we got back to San Jose we had to count the bacteria colonies on the cultures Ilya started the night before. The counts were as follows:

 
__________________________________________________


Spring:


3/23 6:10pm - 33
3/23 6:15pm – 22
3/23 6:17pm – 27

            __________________________________________________


Lower Tank:


3/23 6:25pm – 98
3/23 6:27pm – 85
3/23 6:28pm – 99


__________________________________________________


Pre-Filter


3/23 5:55pm – 44
3/23 6:00pm – 41
3/23 6:05pm – 38


___________________________________________________


Upper Tank:


3/23 6:20pm – 24
3/23 6:22pm – 41
3/23 6:24pm – 39
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APPENDIX B

Ram Pump Specifications

In March of 2007 three students and a faculty advisor traveled to El Salvador to install a new RAM pump in the community of Arada Veja. The previous pump was purchased and provided to the community by a local NGO. The first pump had compression chamber about 1’ high and was made of steel. The community had encountered several problems with the pump, including, but not limited to, a broken pressure gauge and broken seal in the top of the pressure chamber.  

The ram pump chosen to replace the broken pump was the Rife 10 HDU (“Heavy Duty Universal”) ram Pump. The Rife pump was chosen because of the company long history building ram pumps. A ram pump was chosen because it uses no fuel or electricity to pump water and because the community does not have access to electricity, nor money to spend on fuel, it was viewed as the most feasibility and sustainability pump option. The disadvantage to using a ram pump is that it operates at about fifteen percent efficiency, which means that it loses about eighty-five percent of the water that water from the inflow. Though a clear disadvantage, due to the pump’s location, the excess water can easily drain to the river nearby. The specific 10 HDU model was chosen based on the topography of the region. The 10 HDU needs at least 10 feet of elevation from the water source to the pump in order to drive the water 500 feet uphill. From previous measurements we knew we had more than enough of an elevation drop and significantly less elevation to climb than 500 feet. 

We also considered Rife’s SU (“Standard Universal”) Ram pump models but were dissatisfied with the maximum elevation the pump could drive water, 250 feet. We also considered going with a larger HDU model but we did not have precise measurements on the necessary elevation drop to the pump. We decided to go with the “safe” alternative because we were sure we had at least ten feet of head.
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(from Rife company website http://www.riferam.com)

How a Rife Ram Works (from Rife company website http://www.riferam.com)
How a Rife Ram operates: Water flows down the Drive Pipe to the Ram, developing power in accordance to its weight and velocity. The water then flows through the Outside Valve until it reaches a certain velocity. The Valve then closes shut and water continues through the Inside Rubber Valve. When the water pressure in the Air Chamber equalizes and overcomes the driving force behind it, the water in the Drive Pipe rebounds, or backs up. When the rebound takes place a small amount of air is in sucked through the Air Feed Valve and lodged in the upper portion of the Base. It is then forced into the Air Chamber when the next blow takes place; this prevents the Air Chamber from filling up with water.

This operation is repeated from 25 to 100 times per minute working on a Hydraulic principle, building up pressure in the Air Chamber, which in turn forces water through the Delivery Pipe up to where it is desired.

[image: image10.wmf]
APPENDIX C

(Water board training session notes) 

    * DATE: Sunday January 7, 2007

    * OBJECTIVE: To explain in detail, the four positions of a water board: president, vice president, secretary and treasurer.  The positions we defined using the Honduran Water Board law, which included a list of responsibilities of each member.

    * ACTIVITIES: Allison Schuster and Veronica Chouinard read through the Honduran law and then answered questions from community members.  The community members present determined the process of electing members.  There was general consensus about each position, though no formal vote took place.  The election results are as follows: President, Gregorio Tobar; Vice President, Manuel Ayala; Secretary, Ricardo Ochoa; Treasurer, Alfonso Roman.

    * MATERIALS: It proved helpful to write out the names of all four positions on a large sheet of poster paper prior to the election. After water board members were elected the names of the new members were written beside their position.

    * OBSERVATIONS: The election process was less official then expected and one of the board members was nominated and elected without being present.  However, it was important that the community select the board members in a way that was familiar and customary in Arada Vieja.

    * DATE: Tuesday January, 9 2007

    * OBJECTIVE: To give Tufts EWB an idea of how the water board members viewed the components of the water system in Arada Vieja and begin a discussion of ways to fund inevitable future maintenance costs.

    * ACTIVITIES: The meeting began by asking the water board members to draw out the water system in Arada Vieja and to include in the drawing all of the elements that they felt were important, such as the spring, river and water pump.  After completing the map the system, the board identified features of the system that work well and features that do not work well.  The latter point provided a good segue into a discussion of how to improve parts of the system that do function well.  When asked about whether or not families currently contribute money to system maintenance, the board responded that families contribute a certain amount of money each month and the number of children in family determines the amount paid.  In total, about $17 is collected each month by Alfonso Roman, who is also treasurer of the shrimp farm cooperative.

    * MATERIALS: Markers and a large sheet of paper were provided to draw the water system and list its good and bad features.

    * OBSERVATIONS: When talking about the parts of the system that do not work well, all four members identified the ram pump as problematic. They also mentioned problems with pipes bursting.

    * DATE: January 13, 2007

    * OBJECTIVE: To discuss the importance of recording funds collected to maintain the system and maintenance costs incurred. The second objective was to review the process for maintaining the slow-sand filters.

    * ACTIVITIES: During the first half of the meeting the board members looked an example for a method of recording the money collected each month from families in the community.  The example was a simple chart with the months of the year written across the top and the names of all of the families written is a vertical column.  a chart with the months of the year written one row and the names fo the families 

    * MATERIALS:  The chart used in the example was made prior to meeting and written on large paper so that it was clear to read and comprehend.  For the second half of the meeting, which focused on the filter maintenance, two posters showing the parts sand filters were used and several photographs of the schmutzdecke layer of the sand filter prototype aided in the presentation.

    * OBSERVATIONS: A majority of the meeting was spent talking about the filter maintenance.  Each of the board members had many questions about recognizing the schmutzdecke layer and about judging the appropriate time for removing it.  Though it was encouraging to hear the board ask key questions, it was difficult to give satisfactory answers without better visuals.  Describing maintenance procedures before constructing the filters caused some confusion about different filter parts and it was particularly challenging to describe the schmutzdecke before its formation.

    * DATE: January 17, 2007

    * OBJECTIVE: To teach water board members how to do basic water quality testing. Went over water quality testing: when, how, interpreting results and recording results

    * Reviewed the process for cleaning the Schmutzdecke

    * Established dates for water testing and weekly conference calls with Water Board

    * ACTIVITIES: The water board looked at several total coliform presence/absence tests and reviewed the kits instructions and the methods for interpreting the test results.  It was important to emphasize that in addition to conducting the tests, it would be essential to carefully record all test results.

    * MATERIALS: Water quality test kits.

    * OBSERVATIONS: Water testing was a new concept and foreign concept to the board members. The meeting was one of the longest, but also one of the most important.

(Excerpted section of the Honduran water board law) 

REGLAMENTO GENERAL DE LAS JUNTAS DE AGUA Y SANEAMIENTO  

SANAA – HONDURAS 

Tegucigalpa, Enero 2004 

Capítulo I De la Creación, Fines y Objetivos 

Capítulo II De las Definiciones 

Capítulo III De la Organización 

Capítulo IV De la Asamblea de Abonados 

Capítulo V De la Junta Directiva 

Capítulo VI De la Elección de La Junta Directiva 

Capítulo VII De la Funciones de Los Miembros de La Junta Directiva 

Capítulo VIII De la Juntas Múltiples 

      De las Juntas Directivas Locales

      De las Funciones de Los Miembros

      De la Juntas Directiva Local 

      De la Asamblea de Directivos 

      De la Junta Directiva Central

      De las Funciones de Los Miembros de la Junta Directiva Central 

Capítulo IX De los Comités de Apoyo 

Capítulo X De los Derechos y Obligaciones de los Abonados 

Capítulo XI Régimen de Operación y Servicio del Sistema 

Capítulo XII Disposición de Desechos 

Capítulo XIII De las Medidas de Control 

Capítulo XIV Supervisión 

Capítulo XV Vigencia  

Capítulo I

De la Creación, Fines y Objetivos 

Art. 1.  El presente Reglamento tiene por objeto normar y regular la creación, organización y funcionamiento de las Juntas de Agua y Saneamiento señalados en La Ley Marco del Sub-Sector Agua Potable y Saneamiento y será aplicado a los sistemas de agua potable y saneamiento únicos y múltiples, que funcionen por gravedad o por bombeo, ya sean de fuentes superficiales o subterráneas.

Art. 2.  Las Juntas de Agua y Saneamiento son mecanismos de participación ciudadana y de autogestión de los servicios públicos a nivel de caseríos, aldeas y municipios.  Corresponde fundamentalmente a las Juntas, la ejecución de los programas de abastecimiento de agua potable y saneamiento en las comunidades rurales y en las áreas urbanas en vías de desarrollo, en colaboración con las municipalidades y otras entidades nacionales e internacionales, públicas y privadas, como Entidades Ejecutoras. Art. 3.  Las Juntas de Agua y Saneamiento se crean con el objeto de:

   1. Operar y mantener el sistema de agua potable, brindando a la población el servicio de abastecimiento de agua domiciliaría;

   2. Manejar el sistema como empresa sostenible;

   3. Promover la participación de la comunidad en la construcción, operación, mantenimiento administración de los sistemas de agua y saneamiento, así como en la vigilancia de la calidad del agua;

   4. Coadyuvar la promoción y educación para el desarrollo sostenible entre los vecinos de la comunidad de su jurisdicción;

   5. Promover la conservación y protección de las cuencas que alimentan las fuentes de agua;

   6. Vigilar que el manejo de los desechos (líquidos, gaseosos, y sólidos) sean el adecuado conforme a leyes, normas y reglamentos;

Art. 4.  La Secretaría de Salud a través de la Dirección Técnica de Agua y Saneamiento del SANAA, las municipalidades y otras entidades publicas y privadas pueden cooperar como Entidad Ejecutora en la organización de las Juntas de Agua y Saneamiento y la construcción de sistemas de agua y alcantarillado sanitario.  Una vez construida la construcción de la obra, la Entidad Ejecutora hará entrega de la misma Junta de Agua y Saneamiento, en los términos indicados en el acta de entrega recepción. 

Art. 5.  Después de realizar la elección de la primera Junta Directiva y de los Comités de Apoyo, se elaborará la respectiva acta en cuatro copias, una copia será remitida a la oficina regional o nacional de la Entidad Ejecutora, una copia se entregará a la municipalidad, otra quedará en el archivo de la Junta y la original se utilizará para la tramitación de la personería jurídica.

Art. 6.  Las certificaciones de las resoluciones del poder ejecutivo, donde se reconoce la personería jurídica a las Juntas de Agua y Saneamiento incluyendo sus estatutos no requerirán de su publicación en el diario oficial “La Gaceta,” bastará su inscripción especial que llevará al efecto la Secretaria de Gobernación y Justicia. 

Capítulo X

De los Derechos y las Obligaciones de los Abonados 

Art. 53.  Son derechos del Abonado:

   1. Gozar del servicio de agua potable, en la forma más eficiente que lo permitan los recursos y circunstancias;

   2. Participar en las Asambleas de Abonados con derecho a voz y voto;

   3. Elegir y ser electo para los cargos de la Junta Directiva;

   4. Participar y cooperar con Los Comités de Apoyo; y

   5. Presentar reclamos en forma justificada.

Art. 54.  Son deberes del Abonado:

   1. Pagar puntualmente el valor de la tarifa de los servidos de agua y saneamiento, dentro de los diez primeros días del mes siguientes; el Abonado que adeudare dos meses será considerado en situación de mora;

   2. Mantener sus instalaciones internas en condiciones adecuadas; el Abonado permitirá el libre acceso al personal debidamente autorizado para inspeccionar las instalaciones domiciliarias; y

Cuando un Abonado quiere aprovechar del servicio domiciliario para fines de lucro, debe tener el permiso por escrito de la asamblea de Abonados quien establecerá las condiciones pertinentes. 

Capítulo XI

Régimen de Operación y Servicio del Sistema 

Art. 55.  La construcción de sistemas de agua potable en el área rural y en las áreas urbanas en vías de desarrollo, estará a cargo de las propias comunidades que pueden solicitar apoyo al SANAA, al Municipio respectivo, a otras entidades públicas u organizaciones no gubernamentales nacionales o extranjeras.

las Juntas Directivas Locales y el inciso “d,” que se entenderá de la manera siguiente:

   6. Aprobar un porcentaje de los ingresos de las Juntas Directivas Locales que será aportado a la Junta Directiva Central para financiar los gastos de operación y mantenimiento de las estructuras de beneficio común y otros gastos aprobados del nivel general.

De la Junta Directiva Central 

Art. 42.  La Junta Directiva Central será electa en la Asamblea de Directivos en términos equivalentes a lo señalado en los Artículos 12 al 16. Adicionalmente la función del Presidente será ejercida en forma rotativa por un miembro de cada comunidad del sistema. 

Art. 43.  El requisito único para ser electo miembro de la Junta Directiva Central es ser miembro de una Junta Directiva Local en la fecha de la elección. 

Art. 44.  La Junta Directiva Central ejerce la representación legal de la Junta de Agua y Saneamiento ante las autoridades y entidades privadas y tendrá las atribuciones establecidas en el Artículo 16, con excepción de los incisos “a,” “h” y “n,” que son competencia de las Juntas Directivas Locales. 

De las Funciones de los Miembros de la Junta Directiva Central 

Art. 45.  Del Presidente de la Junta Directiva Central: Todas las establecidas en el Artículo 22, aplicadas a su jurisdicción, con excepción del inciso “i” que se entenderá de la siguiente manera:

   9. Presentar el informe anual de su gestión administrativa a la Asamblea de Directivos y a la Municipalidad respectiva.

Art. 46.  Del Vicepresidente de la Junta Directiva Central: Todas las establecidas en el Artículo 23, aplicadas a su jurisdicción.

Art. 47.  Del Secretario de la Junta Directiva Central: Todas las establecidas en el Artículo 24, aplicadas a su jurisdicción.

Art. 48.  Del Tesorero de la Junta Directiva Central: Todas las establecidas en el Artículo 25, aplicadas a su jurisdicción, con excepción de los incisos “b” y “g,” que se entenderán de la siguiente manera:

   2. Recaudar y administrar los fondos provenientes de las aportaciones de las Juntas Directivas Locales, de contribuciones y otros ingresos destinados al sistema general;

   7. Presentar anualmente un informe de ingresos y egresos ante la Asamblea de Directivos.

Art. 49.  Del Fiscal de la Junta Directiva Central: Todas las establecidas en el Artículo 26, aplicadas a nivel general y de todos los subsistemas locales.

Art. 50.  Del Vocales de la Junta Directiva Central: Todas las establecidas en el Artículo 27, aplicadas a su jurisdicción. 

Capítulo VII

De las Funciones de los Miembros de la Junta Directiva 

Art. 22.  Del Presidente:

   1. Representar jurídicamente a la Junta y suscribir a nombre de ella todo tipo de actas, convenios y contratos;

   2. Presidir las sesiones;

   3. Firmar con el Secretario las actas y correspondencia de la Junta;

   4. Elaborar la agenda con el Secretario;

   5. Responder solidariamente con el Tesorero, del manejo y custodia de los fondos;

   6. Dirigir y controlar la administración del servicio de agua potable y saneamiento;

   7. Autorizar la compra de materiales y la contratación del personal que se requiera para la operación y mantenimiento eficiente del acueducto; de conformidad a lo establecido en el Reglamento de Compras y Suministros;

   8. Realizar otras labores propias del cargo que le sean encomendadas por la Junta; y

   9. Presentar el informe anual de su gestión administrativa a la Asamblea y a la Municipalidad respectiva.

Art. 23.  Del Vicepresidente:

   1. Sustituir al Presidente cuando éste se encuentre ausente;

   2. Coordinar las actividades del Comité de Apoyo de Operación y Mantenimiento; y

   3. Realizar cualquier actividad que le asigne la Junta.

Art. 24.  Del Secretario:

   1. Elaborar las actas de sesión de la Junta y registrarlas en el libro respectivo;

   2. Preparar con el Presidente las agendas para las sesiones de la Junta Directiva y de la Asamblea de Abonados;

   3. Encargarse de la preparación del archivo de la correspondencia de la Junta;

   4. Convocar las sesiones de la Junta Directiva y la Asamblea General;

   5. Firmar las actas con el Presidente;

   6. Realizar otras labores propias del cargo que le sean encomendadas por la Junta; y

   7. Llevar el registro de abonados.

Art. 25.  Del Tesorero:

   1. Organizar y mantener al día la contabilidad;

   2. Recaudar y administrar los fondos provenientes del servicio, de contribuciones y otros ingresos destinados al sistema;

   3. Autorizar con su firma, conjuntamente con el Presidente los pagos y las adquisiciones de la Junta;

   4. Responder solidariamente con el Presidente, del manejo y custodia de los fondos;

   5. Llevar un Libro de registro de los ingresos y egresos de los fondos y del movimiento de materiales;

   6. Llevar un inventario de los bienes de la Junta;

   7. Presentar el informe de ingresos y egresos ante la Asamblea de Abonados ; y

   8. Realizar otras labores propias del cargo, que le sean encomendadas por la Junta.

Item �
Size �
Quantity �
Description �
�
1 �
1” �
11 �
EL PVC SLIP x SLIP �
�
2 �
1” �
4 �
TEE PVC SLIP x SLIP x SLIP �
�
3 �
1”x3” �
2 �
REDUCING COUPLE SLIP x SLIP �
�
4 �
3” �
12’ �
PIPE PVC �
�
5 �
1” �
1 �
PIPE CAP PVC �
�
6 �
1” �
4 �
GATE VALVE GALV. �
�
7 �
1” �
6 �
MALE x SLIP PVC �
�
8 �
1” �
- �
PIPE PVC �
�
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