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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 2005 and the El Salvador project was founded in September of 2005. This project works with Epilogos, a charity based in New Hampshire which funds several volunteers in San Jose Villanueva. The two volunteers In San Jose Villanueva are Mike and Suzie Jenkins, two former Peace Corp. workers. 

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 chapter’s relationship with this community has been facilitated by Epilogos charities, an NGO based in New Hampshire. 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 Winter Implementation Trip Summary 

Six students and travel advisor, Veronica Chouinard, traveled to Arada Vieja, El Salvador in January, 2007. The team worked with community members to construct a clean water storage tank and install three slow-sand filers. Due to time constraints, the team was unable to complete all three filters. The group completed the first of the filters, but asked community and water board members to continue sieving sand for the remaining two filters. 

1.4 Travel Team Members 

In order to maximize the amount of time that the travel team would have to work in the community, the trip was divided into two phases. For the first phase four students and Professor John Durant focused on lid construction, sieving sand and cleaning the spring and storage tanks. These students were Kerri F. Martin, Jonathan Crocker, Jonathan Gregorowicz, and Juliana Guzman. The first phase of the trip lasted form July 4 through July 15. On July 13, Ilya Josefson and Allison Schuster arrived in El Salvador for the second part of the trip. Allison Schuster, Ilya Josefson and Jonathan Crocker continued the work of the first phase until July 25. 

Team List:

Kerri F. Martin 

Jonathan Crocker

Jonathan Gregorowicz

Ilya Josefson

Allison Schuster 

Juliana Guzman 

Professor John Durant 

2.0 Slow-Sand Filters

The primary component of the water filtration system in Arada Vieja, El Salvador is three slow sand filters. There are 3 filters are located in front of the school’s community center. Fifty-five-gallon drums house the sand in each filter.

2.1 Background 

In January 2007, the travel team sieved enough sand for the first of the three. The team was not able to finish sieving all of the sand and community members took up the work after the team left.  Unfortunately, the team did not clearly communicate sieving instructions to the community, so sand unwashed sand and too fine was placed into the filter.  Sand that is less than the required grain size does not allow for proper filtration. The majority of the filter consists of the fine sand layer, and thus most of the sand had to be removed from the second and third filters and re-sieved during the summer 2007 trip.

2.2 Sieve Construction 

With the help of Lars Hanson, the January 2007 travel team member who created sieves for the winter trip, new sieve designs were created for this trip.  Once the team arrived in El Salvador,  the designs were altered in order to save construction time and so that the sieves would be easier to use.  Eight sieves were built. Each sieve consisted of 4 - 24" long 2x4s with one layer of mesh. Four sieves had .38 to .42 mesh and four had .22 to .28 mesh. The sieves were used in pairs, with a larger mesh sieve on top of a smaller mesh sieve. Each of the four pairs had a top sieve, which removed sand particles that were too large for the fine sand layer in the filter, and a bottom sieve, which removed sand particles that were too fine.  The top sieve was labeled "ARRIBA" and the bottom "BAJO", which mean "top" and "bottom", respectively, in Spanish. Labels were not part of the January sieve design and most likely contributed to community members’ misunderstanding of the sieving process. 

The bottom sieve was placed on bricks to keep it elevated above the ground.  The top sieve was placed onto the bottom sieve, and the sand on top of the top sieve.  After the sand was fully sieved through the top sieve, the top sieve was removed.  The sand remaining on the bottom sieve was sieved until no more sand fell through to the ground. The sand was then packed into the filters.  In order to ensure that no air could be trapped between the layers of sand, the sand was pounded and packed using a 2 x 4 board. 

Usually, bio-sand filters have a layer of gravel on the bottom of the filter, then a layer of coarse sand above that, and a layer of fine sand above that.  At times, there is also a layer of medium grain sand between the coarse and fine sand layers.  Due to time constraints and a lack of materials, we sieved only fine sand for the second and third filters.  Thus the first filter has a layer of fine sand, a layer of coarse sand, and a gravel layer, while the second and third filters have only a layer of fine sand and a gravel layer.  This should not affect the filter's ability to properly clean the community's water.

It took several days to completely sieve enough sand for the fine sand layers of the second and third filters.  Each day community members worked with the team to sieve sand. 

3.0 Water Quality

3.1   Introduction

Water for drinking and cooking in Arada Vieja is primarily from a spring located approximately 1.5 km to the NE of the community, across and upriver on the Chinihuilas River. During the rainy seasons, rainwater off of house roofs is collected in barrels and buckets and is used to supplement spring water. Spring water flows from the ground into a small concrete spring box, and from there it travels in PVC piping downriver by gravity to an intermediate storage tank. From the intermediate tank it is pumped to an upper storage tank and faucet located at the community center by hydraulic ram pump.

One family that lives to the East of the Chinihuilas River uses water piped in from a different spring for drinking and cooking. The spring used by this family is located directly on the riverbank just below the main spring. There are currently discussions underway to utilize this water to supplement the water from the main spring, thus combining the water from the two springs for the entire community to use. 

3.2   Water Sampling Plan

3.21
Sampling Locations

Three locations on the drinking water system that supplies water for the majority of the community were sampled regularly: The spring, pump, and upper faucet were tested. The spring was tested to provide data on the initial water quality as it enters the system, and to gain an understanding of where the water in the spring may come from (e.g. shallow or deep aquifer). The pump is directly down-flow of the intermediate tank in the system, and therefore water quality at the pump can be used to analyze how the water quality from the spring has been affected by a residence time in the intermediate tank. The water coming out of the faucet not only can be used to analyze the changes that have taken place during residence time in the upper tank and aeration caused by pumping, but this is ultimately the water that reaches the members of the community, thus the quality at this point is very important to consider. < (slightly awkward phrasing, can be revised but not 100% necessary.) The river was tested to compare to the spring water as an alternate source, and also to determine the amount of E. Coli naturally present in the area. The lower spring that simply supplies water for one family, (David’s family,) was only sampled and tested once. This data is not included in the figures, but is included in the table showing the raw data.

3.22
Sampling Times

Baseline water quality data was collected on the second day of the trip to El Salvador (June 6, 2007). Planned activities during the summer 2007 trip to improve water quality included spring box and intermediate tank cleaning, as well as initiation of sand filter usage. Water quality data following each of these activities could be used to assess the efficacy of each quality improvement method. Sampling and testing taken on June 9 was 1 day following spring box cleaning, and data taken June 14 was a continuing assessment of quality following cleaning. Water sampling following initiation of filter usage was not successfully completed and thus will be increasingly important in the following trip.

3.3   Methodology for Water Analysis

Bacteria counts were determined by first obtaining a water sample from the location to be tested in a 20mL sampling bottle. 1 mL of the sample was then put onto three different 3M Petrifilms for total coliform and E. Coli. Time between sampling and plating was kept to a minimum (less than 30 minutes). Disposable pipettes, hand sanitizer, and cleaned sampling bottles were used to insure accuracy. At each time testing was done, three petrifilms were used to test filtered water as a control. After pipetting, the samples are then placed in a portable incubator (Hach Product # 2569900) for 24 hours at 35oC.  After 24 hours the total coliform and E. Coli counts are determined and recorded for later analysis.  

3.4
Water Quality Results
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	Table 3.1    Raw Water Quality Results
	 
	 
	 
	 
	 
	 
	 

	 
	 
	Plate number and bacteria type
	 
	 

	 
	 
	1
	2
	3
	Averages

	Location tested
	Date tested
	Total coliform
	Ecoli
	Total coliform
	Ecoli
	Total coliform
	Ecoli
	Total coliform
	Ecoli

	Spring
	6/6/07
	35
	1
	40
	0
	47
	0
	41
	0.33

	 
	6/9/07
	200
	1
	200
	0
	200
	0
	200
	0.33

	 
	6/14/07
	22
	0
	15
	0
	16
	0
	18
	0.00

	Pump (lower tank)
	6/6/07
	200
	1
	200
	0
	200
	0
	200
	0.33

	 
	6/9/07
	200
	0
	200
	1
	200
	0
	200
	0.33

	 
	6/14/07
	200
	0
	200
	1
	200
	0
	200
	0.33

	Faucet (upper tank)
	6/6/07
	7
	0
	19
	0
	14
	0
	13
	0.00

	 
	6/9/07
	106
	0
	97
	1
	92
	0
	98
	0.33

	 
	6/14/07
	44
	0
	37
	0
	33
	0
	38
	0.00

	River
	6/6/07
	200
	4
	200
	2
	200
	2
	200
	2.67

	 
	6/9/07
	200
	1
	200
	6
	200
	2
	200
	3.00

	 
	6/14/07
	200
	24
	200
	24
	200
	21
	200
	23.00

	Lower Spring (David's)
	6/14/07
	100
	0
	100
	1
	100
	0
	100
	0.33

	Control (filtered water)
	6/6/07
	0
	0
	0
	0
	NA
	NA
	0.00
	0.00

	 
	6/9/07
	0
	0
	0
	0
	0
	0
	0.00
	0.00

	 
	6/14/07
	1
	0
	0
	0
	0
	0
	0.33
	0.00


Dates:
6-6-07

baseline data collection


6-9-07

post spring cleaning collection


6-14-07
pre-filter data collection (filter was not actually tested during this trip)

Notes:
NA – not analyzed


Value of 200 counts/1mL was used when colonies were over 200 and uncountable


All values are in counts/1mL


US standard is 0 counts/100mL

3.5   Water Quality Discussion

Water quality results indicated that all water being drunk in Arada Vieja is well above U.S. Environmental Protection Agency (USEPA) standards for potable water, which are 0 counts of coliform per 100 mL sample. In addition, E. Coli was consistently present in low levels in the drinking water system. E. Coli cannot survive for extended periods of time outside of a living organism, suggesting that animal waste is entering the spring box either through groundwater or surface runoff. 

The pump was consistently the location with the highest bacteria counts, and the faucet was fairly consistently the location with the lowest bacteria counts in the drinking water system. The high levels of bacteria at the pump indicate that the residence time in the lower storage tank are resulting in bacteria growth. During the summer 2007 trip the upper tank had very low levels of water (less than 1 foot of water), resulting in a much lower residence time in the upper tank. This could be the reason for the significantly lower bacteria counts at the faucet. The effects of residence time on water quality should be taken into consideration in the final design, and more importantly usage and cleaning schedule for the clean water storage tanks. 

Cleaning of the spring box on June 8th did not seem to improve water quality in the drinking water system. On the contrary, it seemed to cause a dramatic increase in bacteria counts immediately after cleaning, and after 5 more days the bacteria levels had begun to return to previous levels. This does not indicate that the cleaning itself was bad in the long term, as there could be numerous causes for this. The most plausible cause is that the cleaning process stirred up bacteria that were growing on the edges of tanks, and in the algae and dirt in the tanks. A possible solution to this problem would be to do a more rigorous rinsing of the entire system following washing and before usage was continued.

Although David’s water system is not part of the current water project in Arada Vieja, water quality results from the spring that supplies his family with water indicates that total coliform and E. Coli are both at concerning levels. In the future this spring should be taken into consideration.

3.6   Water Quality Conclusions

On the subsequent trips, extensive testing of water quality relating to the sand filters will be of utmost importance. In order to obtain an understanding of filter efficacy, a percent removal as a function of time as the schmutzdecke develops will be important to create a cleaning time frame for the filters. It will also be important to test water quality in the final storage tanks to assure that they are successfully prohibiting entry of bacteria. 

4.0 Water Storage Tank Lid Construction 

4.1   Design
The concrete lid was designed to secure to the top of the existing water storage tank built by the travel team in January 2007.  It was decided that the lid needed to be permanent, with manholes in the corners to allow for cleaning.  A permanent lid would provide the most protection from outside contaminants.  It was designed to hang over the outside edge of the tank to provide the most secure seal possible to prevent water from flowing into the tank, contaminating the water supply.  The specifications of the design are shown in Figure 4.1
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Mortar would be laid around the uncovered edges of the existing tank to allow for a flat surface for the manhole covers.  To provide an airtight seal, a strip of rubber gasket would be sealed to the top of the lid around the hole, set 1” from the edge.  This gasket would compress and conform to any unevenness, providing the airtight seal.

In the field, this design was modified.  The new specifications cut down the edges of the concrete to extend only 2” past the hole, leaving 6” of uncovered edge of the existing tank, and no longer extending 1” past the edge.  This was done to reduce the weight of the lid because the lid would have to be moved by community members in order to clean the tanks.  Recalculations showed that this was safe in terms of strength due to rebar and concrete, and cut down on the over 100 lbs weight.

Concrete Mix Design

	EWB Concrete Mix
	
	
	

	for 1 yd^3 of concrete
	
	
	

	
	
	
	
	

	1. Slump = 3" (for pavements, slabs)
	
	

	2. Max Agg Size (no more than 20% of thickness)
	
	

	
	
	Thickness
	2.25"
	

	
	
	max agg = .2*2.25
	.45"
	

	3. Slump/Agg table
	
	
	

	
	
	agg = 1/2", slump = 
	
	

	
	
	lb water =
	335 lb/yd^3

	4. w/c ratio
	
	
	

	
	
	f'c of 5000-6000 psi
	0.45
	

	5. cement content
	
	
	

	
	
	cement = water/ w/c
	
	

	
	
	= 335 lb/yd^3 / .45
	744 lb/yd^3

	6. Fineness modulus of sand (assume 2.50)
	
	

	
	Table ->
	
	.57 yd^3 agg

	
	Density agg
	125 lb/ft^3
	
	

	
	Weight = (.57 yd^3)(27 ft^3/yd^3)(125 lb/ft^3)
	
	

	
	
	=
	1923.75 lb agg

	7. Estimate weight concrete
	
	

	
	Table ->
	
	3890 lb/yd^3 concrete

	
	Weight sand = concrete-water-agg-cement
	
	

	
	= 3890 lb - 335 lb - 1923 lb - 744 lb
	888 lb sand

	8. Water absorbtion
	
	
	

	
	Sand = 2%
	wt=(1.02)(888 lb)
	905.76 lb
	

	
	Agg = 3%
	wt=(1.03)(1923.75 lb)
	1980 lb
	

	
	water = 335 - (.02)(888) - (.03)(1923) = 
	259.55 lb
	

	
	
	
	
	

	BY WEIGHT
	
	
	

	Cement
	744 lb
	94 lb/ft^3
	8.0 ft^3
	

	Agg
	1980 lb
	125 lb/ft^3
	16 ft^3
	

	Sand
	905 lb
	100 lb/ft^3
	9 ft^3
	

	Water
	250 lb
	62.4 lb/ft^3
	4.2 ft^3
	

	
	
	
	
	

	MIX DESIGN
	
	
	

	Volume of one L = .1207 yd^3 = 2.96 ft^3 / 3 parts = 
	1.1 ft^3 / part

	5 gal bucket = 1.5 ft^3
	
	
	

	Assume 2 mixes / L
	
	
	

	
	2x5gal cement, 4x5gal agg, 2x5gal sand, 1x5gal water


Two mixes per L-shaped lid was assumed even though this was over the specified amount, and 2 mixes per sqaure lid.  This proved to be sufficient. However, due to a miscalculation made while on the ground in El Salvador two orders of cement had to be placed because the first was insufficient. less than we The concrete was designed for maximum strength over smoothness. This extra precaution was taken because it was feared that the L-shaped lids would break at the weak point on the inside corner if a child or adult were to walk over them. 

Rebar Design
The rebar was designed according to the following calculations:

	Rebar Design
	
	
	

	
	
	
	
	

	Slab is 2" thick
	
	
	

	Weakest point will be in the middle of the longest side,

	so the 28" side was picked for all of the calculations.

	
	
	
	
	

	Load = 1.2(static) + 1.6(dynamic)
	

	
	1.2 and 1.6 are factors of safety
	

	L = (1.2)(28 in)(2 in)(150 lb/ft^3)/(144 in^2/ft^2) 

	
	+ (1.6)(150 lb/ft) = 
	
	310 lb/ft

	
	
	
	
	

	l = 5'6" = 66"
	
	
	

	Mu = (310 lb/ft)(5.5 ft)^2/8 =
	
	1173 ft-lb

	
	
	
	
	

	As = Mu/(.9*fy*.85*d)
	
	
	

	
	d = .5"
	
	
	

	
	fy = 30,000 psi (very low for Factor of safety

	
	
	
	
	

	As = (1173 ft-lb)(12 in/ft) / (.9)(30000 psi)(.85)(.5 in) >= 

	
	
	
	
	>= 1.22 in^2

	
	
	3/8" rebar
	
	11 bars

	
	
	1/2" rebar
	
	7 bars

	
	
	
	
	

	
	1 1/2" bar every 3 inches
	

	
	1 3/8" bar every 2 inches
	


The layout is shown in Figure 4.2 
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The rebar design had many factors of safety built into it because of unpredictable conditions in the field. It was unknown exactly how much of each material could be purchased in El Salvador.  The rebar lengths were calculated to be 2” from the edge of the concrete to prevent any water from eventually leaking in from cracks at the edge and rusting the rebar.  It was also designed to have a 1” diameter hole in the two L-shaped lids to allow for a permanent inlet from the filters (shown as a black dot in Figure 4.2) Rebar handles would be made in Arada Vieja to tie into each of the manhole squares to allow for easier movement when it came time to clean the tanks.

In Arada Vieja, it was determined that the design was too conservative and utilized too much rebar.  Instead of spacing the rebar every 3”, the team adjusted the design so as to space the rebar every 6”. The overestimation of the amount of rebar resulted because too many factors of safety were built into the initial calculations. Recalculation showed that the revised design would still support the necessary weight.  The new design reduced the cost of rebar, and the final weight of the concrete.

Frames
The frames were made using two-by-fours cut by the hardware store in Arada Vieja.  Preliminary measurements for the frames were given to the hardware store, but after resizing the lids the frames had to be changed.  The square manhole frames had to be nailed together in a star pattern because the boards were too big (see Figure 4.3). All frames were made before going to the Arada Vieja in order to save time.  The assembled frames were nailed to flat plywood that provided a base for the concrete and increased the strength of the frames against the stress of the concrete.
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Materials
The lids design used locally available materials so that community member would be able to repair or replicate the procedure if necessary. It was assumed we could buy or find all the necessary materials in San José Villanueva or Arada Vieja, but allowances were made to account for any variation (rebar size for instance).  The materials list was compiled as follows:

· Wood frames

· plywood

· 4 x 5-gallon buckets

· 2.66 ft3 cement = 250 lb

· 5.33 ft3 aggregate (sieved to a max diameter of .45”)

· 2.66 ft3 sand

· Tarp

· Shovels

· Rebar

· 14 x 62”

· 16 x 57”

· 26 x 23”    = 10 x 18’ bars

· 26 x 18”

· 52 x 39”

· Level

· Hacksaw

· Hammers, nails, measuring tape, other building necessities

· Epoxy

· Piping

Almost all of these materials were bought from a local hardware store in San José Villanueva.  The NGO contact Mike Jenkins knows the owner of this hardware, Luis Coto, and Luis was able to supply all of the materials.  He cut the wood frames and the team assembled them before bringing going to the Arada Vieja.  Luis Coto also helped to transport all of the materials to the Arada Vieja with his truck.

4.2 Implementation

Rebar

The rebar was cut to the specified lengths using a hacksaw, and laid out in the forms to make sure all pieces fit. Using thin steel wire and wire cutters, the rebar was tied together to make a semi-rigid form. All rebar was tied on Thursday, June 7, the first day in the community.  These rigid rebar forms were set aside until we poured the concrete.

For the square manhole lids, rebar was bent into handles that could be used to move the lids when necessary.  These handles were also tied directly into the forms.

Concrete

Many of the community members contributed labor and equipment for mixing the concrete.  The first lids were done on the second day in the community, Friday, June 8.  This allowed time for the concrete to cure before the first team left El Salvador.  Due to a miscalculation, there was not enough material to construct the manhole covers, so this was postponed until Saturday, June 9.

The first batch was mixed until even with the ratio of one part concrete, two parts gravel, one part sand, and ¾ parts water, using a five-gallon bucket as the measurement tool.   The wooden forms were first splashed with water to prevent the concrete from cracking due to rapid drying as a result of the heat and dehydration.  The batch was spread down to a marker 1” above the base.  It was packed, prodded with a rod to remove air pockets, and packed again until completely even. The rebar for the L-shaped was placed on top of the first layer of concrete.  Placing the rebar on the first layer of concrete was a different method than that used by the January project team. In January, the team made piles of gravel and laid the rebar on top of gravel, and then poured the concrete around the gravel and rebar. The new method was preferred because there would be no weak points at the gravel piles. 

The rebar was pressed down until set in the concrete, and the second batch of concrete was then mixed. This layer was then poured on top of the first and the rebar until it met the 2.25” marker line.  It was packed until it appeared smooth and with an even consistency. The square manhole lids were poured the following day in the same manner. Over the next several days, water was splashed on top of the concrete hourly to prevent cracking under the intense mid-day sun.

On June 13, the team prepared the clean water storage tank for the new lids.  This involved cleaning the tanks with bleach and, more importantly, pouring a new concrete floor.  The previous floor had outflow pipes that were not level with the ground surface, which meant neither side would drain completely.  Additionally the floor of the tank was not slanted toward the outflow pipes, which also made draining difficult.  A mortar was prepared with 1 part cement, 2 parts sand, and ¾ parts water.  The mortar was spread over the bottom of the tank, with an 8:1 slope: over the 4-foot span of the base, it rose gradually 6 inches.  Around the exit pipes, a cone shaped indent in the mortar was formed to allow for easy draining.  The floor was made as smooth as possible to prevent any residual water forming pools when it drained.

Setting the Lids

On June 14, the tank lids were set.  A mortar was prepared similar to the mortar used for the floor clean water tanks: 1 part cement, 2 parts sand, and ¾ parts water.  The surface of the edge of the clean water tank was roughed with hammers. Chunks of concrete were chipped away to create sharp edges to which the mortar could bind. Mortar does not bind well to previously set, smooth mortar.  The mortar was then spread over the top evenly, around the entire surface.  Many of the male community members helped to lift the L-shaped lids, which were estimated to be somewhere between 400 and 500 pounds.  It took about 8 people to lift each lid and set it on top of the mortar.  Once both lids were placed in the correct orientation, more mortar was laid to complete the seal.  

After the lids were set, additional mortar was mixed to add to the edges that would be covered by the manholes so as to increase the height of the edge to be level with the L-shaped lids. The mortar was spread, smoothed to be completely flush with the inside edges, curved on the outside edge to ensure any rainwater would fall away from the tank opening.

Setting the Manhole Covers
The manhole covers were set on July 23rd. Rubber tubing purchased at a hardware store in San Salvador was attached to the inner edge of the L-shaped lids as well as along the outer edge of the wall where the permanent lid would sit. The rubber was attached using silicone sealant also purchased at the San Salvador hardware store. It was set about 1” from the inside edge of the manhole.  Upon closer inspection, it was found that when the manhole lids were placed on top of the rubber, it compressed too much and did not provide the complete seal that was necessary.  This rubber had to be removed and replaced.  Softer foam tubing was bought and set in a similar fashion, and this tubing was successful in providing a complete seal. 

Follow-up
The goals of the concrete lid were successfully met.  The concrete design was strong enough to hold its own weight and the weight of a person even at the weakest point in the lid.  The manhole lids were each light enough so that two people could move it when necessary to clean the tank.  The silicone sealant held the rubber in place, and no air gaps existed.

Complications arose when the clean water tank was filled to its maximum capacity and community members blocked the overflow pipe.  This backed up the system and water began diffusing through the mortar and sealant that had not completely set.  A white powder residue was left behind from the sealant, and further investigation will be needed to determine the affects of this substance.  Further assessment of this epoxy and the strength and seal of the lids will be conducted in the future.

5.0 Piping

The piping from the clean water storage tanks had to be modified during the trip. Originally a pump was installed two feet away from the tank to extract clean water. The pump was installed when the tank was constructed. Upon inspection of the pump in July, it was clear that the pump was no longer functioning because it was severely rusted.  The pump, the team learned, was designed for use with oil - not water. To remedy this problem the team re-routed  the tank’s ‘clean-out’ piping at the front of the tank so that water could flow by gravity to a faucet that was located out of harm’s way from the community soccer field. Since, it was necessary to retain the ‘clean-out’ piping for the purpose of draining the tank in the future, the new piping design still allowed for a ‘clean-out’ mechanism. 

A model of this bypass system can be seen in figures 2 and 3. By opening the ball valve water will flow out of the “clean out” pipe instead of traveling to the faucet. This eliminated the problem of particulates or cleaning products from entering the long piping system to the faucet during tank cleaning. The faucet was constructed of 1-inch piping converted down to a ¾ inch ball valve and ¾ in outlet pipe all supported by a 2”x4” wooden beam about 2 feet high. The local community members constructed a fence around the faucet to protect it.
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Figure 5.1: Overview of the Piping System
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Figure 5.2: “Clean Out” Bypass Piping
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Figure 5.3: “Clean Out” Bypass Piping
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Figure 5.4: Faucet

6.0 Health Surveys 

6.1 Introduction and Methods
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 3 surveys were conducted, all three with community members of Arada Vieja. The health surveys used were a modified version of the survey conducted in July 2006 and the same survey as used in January 2007. Due to time constraints only one team member remained in El Salvador at the time the surveys were conducted. Thus, the surveys were administered informally by the principal investigator, Allison Schuster. Consent was obtained, prior to each interview, but the interviews were not recorded and no photos were taken. All three interviewees had been interviewed during the previous project trips. 

6.2 Findings

	Questions
	Survey #1 – Alicia – 6/26/07
	Survey #2 – Deysi 6/26/07
	Survey #3 – Candidade 6/26/07

	1. What common illnesses have you or your family suffered in the last year?
	 - Flu with runny nose, fever and chills. 

- Cough

- Sometimes diarrhea
	- Flu with headache, runny nose, affected vision, fever

- there are no problems with diarrhea
	- Diarrhea (1-2 times per year)

- Flu with fever and chills (1-2 times per year)

	2. According to your observation, who suffers these illnesses most in your house? 
	- The kids: they get the flu 3-4 times per year and diarrhea about once per month
	- it affects in the family and they each get the flu 1-2 times per year
	- the kids get sick more 

	3. How frequently do you use your ceramic filter?
	- Everyday they put water in the filter
	- they use it all the time, and put new water in it every time it gets low
	- as soon as it gets low they add more water

	4. For what do you use the filtered water? 
	- It is used for drinking water
	- Only for drinking because there is not usually enough water for other uses
	- for drinking

	5. Have you had any problems using your filter? 
	- they have had no problems, and they say that the flow of water is constant
	- No problems
	- no 

	6. Have you cleaned your filter? If so, when do you clean it?
	- Yes, every three days she cleans it with a brush
	- Every three days it is cleaned with a brush
	- the filter is cleaned every three days, gently with a brush


APPENDIX A

Local Contacts List:

Hardware Stores

Luis Coto

Cell:7039-6449

Store: 2342-3003

Cristian Cañas
Phone: 7769-5430

Sand Suppliers

Auga Viva

Phone: 22-74-11-63

Jorge: 77-86-50-49

Location:

    * Follow signs to Costa del Sol

    * There will be a sign for "El Pedregal" and take a right at the sign

    * Continue straight on this road, there is a gate at the end of the road, but you take a left before the gate at the Coca Cola factory

    * As you follow this road you will reach an arch that says "Pedregal City"

    * From here call to get instructions to Auga Viva building 

Water Board Members

Ricardo Ochoa

Phone: 71-31-50-57

Don Goyo

Phone:72-27-94-47

Manuel

Phone: 79-79-31-03

Other Resources

James Mitchell (fluent in English and Spanish and offered to help language questions related to construction supplies)

Phone: 79-74-75-82

Figure 4.1 - Lid Design





Figure 4.2 Rebar Design





Figure 4.3  Frame Design
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