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Abstract 

In 2007, Engineers Without Borders was contacted by Simajhuleu to help them repair 

their drinking water system. Simajhuleu is a small village located 50 kilometers 

Northwest of Guatemala City in the Central Highlands of Guatemala. The initial request 

was for assistance in installing a new water supply line from a remote spring to the 

Village. The initial assessment trip in January 2008 discovered the existing pipeline from 

the spring to the Village was conveying the water available at the spring to the Central 

Distribution tank in the Village 4.5 kilometers away. Since 2008, Engineers Without 

Borders has visited the Village multiple times to study the Village’s water system. This 

has included investigation of both social and technical behaviors affecting the water flow 

in Simajhuleu. This investigation has revealed deficiencies in the Supply, Distribution 

and Demand components of the water system. The goal of the water improvement project 

is to improve social and physical well-being by securing ample, reliable, potable water 

for all residents of the village. 
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Introduction 

Engineers Without Borders (EWB) sponsors community-driven development programs worldwide 

through the design and implementation of sustainable engineering projects, while fostering 

responsible leadership. (http://www.ewb-usa.org/).  The EWB model consists of a project being 

proposed by a community and selected by an EWB Chapter. The problem is assessed by EWB, 

and then a solution is developed and implemented jointly by EWB and the community.  Once the 

solution is implemented, it is monitored, evaluated and adapted.  The EWB chapter and Village 

must work together for a minimum of five years. Integration of the Village into the design and 

implementation of technical solutions of engineers permits two directional development. The 

Village learns the processes used to design the system, permitting them to operate, maintain and 

adapt the technologies to their situation. Operation and maintenance are necessary for the 

sustainability of the solution. Adaptation or re-invention can reduce mistakes and improve 

adoption of an innovation. (Rogers, 1995) Many development projects fail because they do not 

account for cultural differences. Well meaning organizations can provide stoves or water systems 

to a deserving population, but when they return, they find the village does not use the 

improvements because the stoves aren’t high enough or the in-home water system eliminated the 

social exchange water gatherers experienced while doing laundry or carrying water. The EWB 

method is designed to address problems that are presented to them by the Village. The engineering 

answer is presented to the Village and then shaped by interaction between the designer and the 

user into a solution that meets the needs of the user and can be sustained by the user with limited 

ongoing support from EWB. The Minnesota Professional and University of Minnesota Student 

Chapters first went through this process in 2005 in Guatemala. That project provided water to a 

school of 300 students, Chimiyá in San Juan Comalapa.  Working relationships with Long Way 

Home and Asociación Chuwi Tinamit, NGOs located in Guatemala, were developed during this 

project.  Encouraged by the success of the Chimiyá project, EWB and Long Way Home have taken 

on the task of providing water to the nearby Village of Simajhuleu, Guatemala. 

Inadequate water in developing countries is a major expense. (UN, 2006) According to the 2006 

UN Human Development Report, 1.1 billion in developing countries people lack adequate access 
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to clean water. Unsanitary water is a major cause of diarrhea which causes 1.8 million child deaths 

annually. In addition to death, 443 million school days are lost due to water-related illnesses. At 

any given time, nearly half the population in developing countries is suffering from health 

problems related to water or sanitation issues. The lack of adequate water supplies 

disproportionately affects deprived populations. Rural areas are more likely to suffer from 

inadequate water and sanitation systems. Small investments in water and sanitation systems can 

cause dramatic improvements in economic, education and health.   

Simajhuleu is a small, rural village located 50 kilometers northwest of Guatemala City in the 

Central Highlands of Guatemala. Its 2500 residents are 93% Mayan and survive on small plots of 

land where they raise corn, beans and coffee. In Latin America, improved water sources are 

available to 93% of the population. Unfortunately, in rural areas with access to improved water 

sources is at 80% of the population lagging behind urban areas. (United Nations, 2010) Plagued by 

chronic shortage and undependable water supplies, Simajhuleu hired a Guatemalan engineer to 

create plans for the replacement of their water supply line, a 4.5 kilometer long system of small 

diameter pipes and suspension bridges that conduct water from remote springs to Simajhuleu. 

These plans were presented to Long Way Home and Engineers Without Borders for help to 

generate funding for the Project and review of the design. 

System Investigation 

 In January 2008, EWB first met with Simajhuleu to assess the condition of their water system and 

alternatives to improving it, including alternate water supplies, drilling a well, and rainwater 

harvesting. Over a one week period, eight professional and student engineers from Minnesota 

worked with Long Way Home and Simajhuleu to map and analyze the water supply system. What 

they discovered was a system installed in the 1960s that conveyed water 4.5 kilometers through 

mountainous terrain to two water tanks located high above the Village of Simajhuleu (Village). 

Due to the steep terrain, age of the system and high rainfall amounts, the water supply was often 

interrupted by pipe breakage. A comparison of water flow at the springs and at the tanks in the 

village indicate moderate losses in the supply line, yet a reasonable supply of water to the 

distribution tanks above the Village. These measurements indicated the availability of 100 liters 
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per person per day at the two distribution tanks located in the Simajhuleu. While reliability of the 

water supply is a concern, replacement of the supply line is not critical to meet daily water 

requirements and will still be subject to failure due to landslides and steep terrain. 

In June 2008, EWB returned to Guatemala to share their findings regarding the water supply with 

Simajhuleu and conduct a closer examination of the village’s water distribution system within the 

village. The water distribution system is divided into 6 sectors with five of these sectors receiving 

water every third day and the sixth receiving water every day (Figure 1). The rotating schedule has 

sectors 1 and 2, and sectors 3 and 4 combined for distribution purposes, with sector 5 receiving 

water on the third day.  Sector 6 (also called Las Minas) has its own supply tank and receives 

water every day. All service locations are in private homes and operated privately. No public water 

access is currently available in the community, although the village does own three locations 

where water was previously available publicly.  

Over a 5 day period, 50 volunteers from Long Way Home, EWB and Simajhuleu conducted door 

to door surveys of the residents to assess their most pressing concerns. Survey questions addressed 

water, sanitation, education and cooking facilities.  95% of all households participated in this 

survey. Fifty-nine percent of all households surveyed expressed a need for improved water 

supplies. Many of those interviewed felt other sectors received more water than they did (Clarke, 

2009). Additionally, many residents felt their neighbor’s water usage adversely affected the water 

available to them. Since water distribution is unpredictable, many residents leave their taps open to 

catch the water when it arrives. This practice wastes water if residents are not present when their 

water storage is filled. In addition to the surveys, we mapped each household horizontally and 

vertically with a handheld GPS.  We used this data to create a GIS reliability model of 

Simajhuleu’s water distribution system (Figure 2). 

Problem identification – In July, 2009, after completing the GIS Model and analysis of the survey 

results, EWB, Long Way Home and the Village Water Board met to discuss the results up to that 

point.  The discussion was divided into an analysis of the Supply and Distribution Systems.  

Supply System - The supply system from the spring to the Village included both chronic and 

periodic water losses. 
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Chronic Losses – Measurements at the sources and tanks indicate a loss of 29% of the   

available water from the spring when compared to the tank measurements. Despite this loss, 

flow measurements at the storage tanks averaged 100 liters per person per day with a range 

between 96 and 129 LPPD. (Figure 3). 

Periodic Losses – Periodic losses consist of pipe breakage due to vandalism, pipe degradation 

and slope failure due to excessive rainfall. Although these events are critical when they occur, 

survey responses overwhelmingly reflected concerns over chronic water shortages over 

periodic outages. Additionally the primary causes for these service interruptions are heavy 

rainfalls. Rainwater is readily available to supplement water supplies.  

Distribution System – Three potential problem areas were identified within the distribution 

system. These were leakage from the storage tanks, leakage in the piping network, and excessive 

use of water by families in the village. (Figure 4). 

Storage Tanks - The Village indicated that, based on the construction materials used and 

observation of wet spots nearby, water was leaking from the storage tanks. Investigation of the 

tanks was inconclusive. Simultaneous measurements at the inflow and outflow of the tanks are 

required. Metering of the inflow and outflow was begun in January 2010. EWB identified a 

locally available sealant that can be used to seal the tanks. 

Leakage – Water distribution pipes were excavated to verify their pressure rating. They were 

typically the lowest grade PVC pipe available, those generally reserved for gravity sewer lines 

(Table 1). The GIS model calculated pressure in these lines to be 2-3 times the pressure rating 

of the pipes. At all locations, the pressure was calculated to be over 100 psi (689 kPa) , 

however field measurements showed the pressure exceeded 60 psi (414 kPa) at only 2 

locations. The low pressure measurements indicate a loss of water from the system at user 

locations or from leakage at pipe joints or breakages.  Due to the porosity of the soil buried 

pipe could be leaking without any sign at the ground surface. Additional pressure and flow 

measurements were completed in January 2010. (Table 2) 

Overuse of Water – Since all access to water occurs in private households, potential water 

waste by individuals at the time of delivery is a possible cause for lack of inadequate water 
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supplies. As indicated previously, there is a practice of leaving the tap open when water is not 

flowing to the home. If the individual is not present when the water starts to flow, there is loss 

of water from the system if the sink or receptacle overflows. While this practice is used, there 

was little evidence indicating that water is overflowing onto the ground. This practice does 

ensure that all water is drained from the sector’s water network when water begins to enter the 

pipe. There will be limited pressure at homes of higher elevations unless taps are closed at 

houses located at lower elevations. This is an important cause of social friction between 

neighbors and neighborhoods since the water use of others directly affects the users’ access to 

water. The common impression among residents is that usage by others is the leading cause of 

the insufficient water supplies. Water use at random households was measured in January 

2010 to determine usage. (Table 2) 

Interim Improvement (August 2009) - Since there was no clear fix for the water system, an  

interim improvement to reduce water demand in the Village and supply a consistent supply to the 

elementary school and health department was implemented. At the end of August 2009, EWB, 

Long Way Home and Simajhuleu installed a rainwater harvesting system at the Elementary 

School. This tank and gutter system will store enough rainwater to satisfy all the needs of the 

elementary school and the health department through the dry season. (The top of the tank will 

become the foundation of a new building at the school.) Since the EWB group was only in 

Simajhuleu for two weeks in September, they were unable to participate in the completion of the 

125,000 liter concrete water storage tank. The tank was completed by Simajhuleu and Long Way 

Home without EWB’s participation in October 2009. 

Distribution system investigation –After discussions with the Village Council, it was decided 

that the water supply available from the storage tanks was sufficient for current needs. Initial 

efforts for system improvements will focus on improving water distribution from the storage tanks 

to the residents.  To identify the root cause of inadequate water supplies in the Village, EWB and 

Simajhuleu undertook three additional tasks. These were pressure testing of distribution lines, 

focus groups of water users and leakage testing of part of the supply line. 

Pressure Test – A pressure gage was attached to approximately 15 taps in Simajhuleu to measure 

the pressure available at that residence. These homes were opportunistically selected due to their 
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location within the distribution network as well as their elevation relative to adjacent homes. The 

pressures were compared to the calculated pressures (Figure 5) as well as differences in pressure 

between adjacent residences were noted. Pressure readings ranged from negative pressure to 60 psi 

(414 kPa). Many of the pressure readings were negligible, with one home even showing a suction 

force into the waterline. The flow rate corresponding to low pressure readings appeared to be 

gravity flow. High pressure readings were generally located at households located at the top and 

bottom of the distribution system. Pressure readings were generally higher in sectors 1 and 2 

indicating a better functioning system.  

Water Reliability – We organized four focus groups of between 6 and eight women from Sector 5 

of the Village to discuss the equity of water distribution in the village. To understand the 

household demands for water, two groups of women were interviewed by EWB and Long Way 

Home. These groups were selected due to an observed difference (a large discrepancy between 

water availability between adjacent homes) in the previous EWB survey results (Figure 2). Twenty 

households indicated that they rarely received water sandwiched between households that 

indicated that they generally received water (Clarke, 2009).  The physical location of these homes 

within the system was such that there should be no engineering reason that these homes should 

experience such a large discrepancy in water delivery. The women who indicated that they 

generally had water available stated that they used from 265 to 681 liters (70 to 180 gallons) of 

water on the days that they received water. Those who had sporadic or low water availability often 

subsisted on 76 liters (20 gallons) every third day. Based on household sizes from the surveys and 

measurement of water into the storage tanks,  each household should be able to receive 1514 liters 

(400 gallons) of water every third day. The reported water use accounts for between 5 to 45 % of 

the water that arrives to the village, suggesting that water supply problems such as leakage may be 

an important factor.  Although conservation of water should always be considered, it is unlikely 

that overconsumption of water by residents is a major factor in the water shortage for Simajhuleu.  

Leakage Testing –In October, a 914 meter (3000 foot) section of the water pipe was tested 

for leakage. This line connects sectors 4 and 5 to the main waterline at the top of sector 1 and 

2. There are two services from this line and for the purposes of this test they were closed. A 
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pressure meter was connected to a spigot at the lowest part of the line where it connects to 

sectors 3 and 4. The pressure was initially noted to be 60 psi (414 kPa). After 3 hours, the 

pressure had fallen to 36 psi (248 kPa), or a 40% reduction in pressure.  The implication of 

this pressure reduction is that nearly half the water in this section of pipe leaked out of it and 

is not available for consumption. Pipe joints and connections are primary sources of leaks in 

pipe networks. The amount of leakage in this section of pipe with limited joints and 

connections is unacceptable and indicates potential leakage problems in the remainder of the 

system.   

Quantifying Distribution Losses –(January 2010)  A key goal in the January assessment trip to 

Simajhuleu was to quantify the fate of water as it left the holding tank at the top of the distribution 

system until it left the system. We conducted measurements so that the water quantity could be 

divided into three categories; water used by the village, distribution system losses and tank 

overflow/leakage.  

Water Consumption –We used six ¾ inch water meters to monitor water flow to random 

households in sectors one through five. Since a given sector only receives water every third 

day, we installed a meter on a household’s water service the day preceding the receipt of water 

and left it on until the day after their water service was shut off. In this way, we measured the 

quantity of water a household received for the three day period before their water was turned 

on again. Water use was measured in 24 households in sectors 1-5. In addition to water 

quantity, the number of families, adults, children and animals using the faucet was recorded as 

well as visible of water storage was noted. Water use varied dramatically. Daily use per family 

ranged from 69 to 861 liters per family per day (available at tank 563 l/f/d). Individual usage 

ranged from 17 to 190 liters per capita per day (available at tank 108 lpcd). The sector water 

use was multiplied by the population of the sector to determine total water consumption in 

each sector and the village. (Table 2) 

Distribution System Leakage –To analyze the amount of water lost through the distribution 

network, three meters were installed in the distribution network. Two of these meters were 

placed in sector 6 and one was placed near the top of sectors 1 through 5. 
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Two one inch meters were installed in Sector 6, measuring flow to the East and West portions 

of this sector. This meter is read monthly, corresponding to the frequency in which chlorine is 

added to the Sector 6 distribution system. The measurements are divided by the time between 

each reading to determine the flow rate to Sector 6. Meter readings used in this report cover a 

period from January 13, 2010 to March 31, 2010. 

Since sectors 1 through 5 each receive water once every three days a valve located near the 

top of the system must be operated to switch the sector receiving water. A 2 inch meter was 

placed above this valve assembly. This meter is read daily by the village and the readings are 

sent via email to Engineers Without Borders. The actual reading is divided by three to reflect 

the daily water use for the sector receiving water. Sixty-two readings have been used in 

preparation of this report to provide at least 20 daily water measurements for sectors 1 through 

5. 

The volume of water consumed in each sector was deducted from the meter readings to 

determine the amount of leakage in the distribution system for each sector. This volume 

ranged from 1.5 to over 92 liters per capita per day lost as a result of leakage in the system. 

Sector one, having the lowest head difference in the sector showed the least loss while sector 5 

with a large elevation difference between the storage tank and all users, exhibited the largest 

loss. 

Tank Loss –Tank loss encompasses three possible water losses. These possibilities are pipe 

leakage, tank leakage and tank overflow. 

 Pipe Leakage - The distance between the storage tanks and meter locations range from 120 to 

180 meters horizontally with 50 to 60 meters difference in elevation. The pressure at the meter 

would be approximately 586 kPa (85 psi) or 34 kPa (5 psi) greater than the pressure rating of 

the pipe. The observed pressure during connection of the meters was well below 552 kPa (80 

psi). No leakage was visible at the connection and is unlikely based on the age of the pipe.  

Tank leakage is a possibility for water loss, especially at the tank in sector 6. Despite constant 

inflow to the tank, there is no indication that the water level in the tank ever gets above ten 

centimeters from the bottom, even during evening hours when usage is reduced. This indicates 
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that the water is flowing out of the tank at the same rate that it is entering. This outflow is 

either through the distribution system or through the walls and floor of the tank. Villagers who 

accompanied us to this tank indicated that pumice, a very porous material, was used as 

aggregate for the cement used to construct the tank. This could lead to leakage through the 

tank walls. 

Tank overflow is a known problem on the principal tank. The village plumber indicated that 

the tank overflowed six to 10 hours during the evening. There are obvious signs of overflow 

from the tank, including erosion on an overflow channel and saturated soil in the morning 

hours. Additionally, it is theorized that downstream restrictions in sector 5 back water up in 

the tank so that it overflows. When sectors 1 and 2 are turned on, they experience increased 

flow due to the tank full conditions and leave the tank level below the overflow level when 

their sector is shut off.  

Distribution system losses vary throughout the Village due to tank losses and distribution losses. 

(Figure 6)   The amount of water consumed varies from 39 to 91% of the water that is available at 

the distribution tanks. As indicated previously, it is suspected that some of the water destined for 

sector 5 is delivered to other sectors due to pipe constrictions in sector 5. Sectors 1 and 2 show the 

best performance, which is likely due to the reduced elevation differential between the users and 

the storage tank as well as less pipe in the network. Including the losses in the supply network, 

approximately half of the available water in the system is consumed by the Village, with a quarter 

of the losses occurring in the distribution system. (Figure 7)  

Water system correction efforts 

Based on the previous findings regarding the water distribution system in Simajhuleu, a tabulation 

of the project objectives was determined. (Table 3) The most effective method for reducing the 

water shortage in the village and increasing distributional equity is to reduce losses and encourage 

conservation practices in the water distribution network. The proposed corrective measures include 

community education, installation of sector/neighborhood tanks connected by a new network of 

pipes, repair of existing piping for distribution of water into individual homes and protection of the 

supply line to prevent periodic outages and unauthorized connections. It is anticipated that 
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prevention of leakage will allow the storage tanks to fill and the constant flow of water through the 

supply line can be controlled by a float system. This will reduce the flow through the existing 

chlorination systems and save on chlorine supplies.  

Education and Conservation proposal – The total water available per capita at the 

distribution tank is 100 liters per capita daily. This value is generally considered sufficient to 

meet a successful standard of living. US-AID recommends a minimum of 20 to 40 liters per 

day for sanitation and drinking purposes. During the random sampling of users in Simajhuleu, 

22% of the families sampled used more than 100 lpcd, and 22% received less than 40 lpcd. 

The Village has committed to addressing conservation of water to share the resources that they 

have with all residents. Educational meetings have been conducted by EWB to encourage 

conservation and sanitation practices in the village.  

Additional programs for conservation will be investigated. One such is the ‘Barrel Tax’ 

concept. Since water is only received every third day residents commonly fill 55 gallon (208 

liters) barrels with water for the intervening days. A barrel tax would be a fee on users who 

store more than one barrel per family member. This would potentially reduce hording of water 

which is common and make water more available to users who receive insufficient water 

quantities. The income generated by this tax could be used to improve the water system by 

constructing public water storage.     

Community Tanks and the 24/7 Program – Water is a basic need and people need access to 

water daily. The 24/7 program would place water taps at public locations within the Village 

providing water to all residents 24 hours a day, 7 days a week. Initially this program would 

provide public access to water at the point in the village where sectors one through five split 

up. By connecting a faucet above these valves, perpetual access to water would be assured as 

long as any springs are flowing into the system. It has the added benefit of being adjacent to 

the primary access road into and out of the village. A person or family returning home from 

Comalapa could stop here and bring freshwater home for their family. The cost of this 

connection would be less than $20 and would greatly increase water security. Eventually, this 

system could be enlarged so that public tap stands are available in all sectors. To provide a 



 

11 
 

reliable water supply, neighborhood storage tanks could be constructed to provide water to 

these public tap stands. Piping for the sector tanks would be configured so that they have 

priority over the private water distribution system. The private distribution system could be 

connected to the top of the sector tank, reserving publically available water in the tank while 

continuing in-home access to water. Additionally, by connecting the distribution system to the 

sector tank, the pressure in the distribution system would be reduced by up to 50%, causing 

more equitable water distribution as well as reducing the amount of leakage from the system. 

This has the added benefit of allowing only public access to water in times of shortages.  A 

natural evolution of the sector tank concept is the neighborhood tank initiative.  

Neighborhood Tanks Initiative – The current distribution system consists of a storage tank 

connected to a small diameter pipe distribution network.  Due to the large elevation difference 

between the tank location and the homes in the village, the pressure in the distribution system 

exceeds the design specifications of the pipe and more importantly the glue used for the pipe 

joints. Excess pressure causes the system to lose a majority of the water that is delivered from 

the supply system. Additionally, the lack of storage within the distribution system exacerbates 

the effect of increased water usage during high demand periods preventing the village from 

storing water when the existing tank overflows. (Differing statements indicate that the main 

storage tank overflows between 7 and 12 hours per day.) 

The neighborhood tank plan proposes to construct a series of 24 smaller tanks distributed 

throughout the Village. These tanks will be constructed of Ferrocement and be connected 

together with a new distribution line dedicated to providing water to the distribution tanks 

only. All connections for domestic use would occur downstream of the neighborhood tanks. 

Tanks – Tanks would be installed uphill of each neighborhood to be served. Each tank 

would be designed so that the maximum pressure generated at the lowest home would not 

exceed the pressure of the pipe used. Each tank would be approximately 10,000 liters 

with 20% of the water available for daily use by the Village and 80% to be controlled by 

a valve that could be opened when the supply system is disrupted due to maintenance or 

repair. The inflow to each tank will be controlled by a float to prevent it from 



 

12 
 

overflowing. Two outlets will be provided on each tank. These outlets will provide water 

to the next tank downhill and to the neighborhood. Since these outlets are not pressurized, 

the system pressure would be reduced to atmospheric pressure at each neighborhood tank, 

eliminating the current high pressure that creates leakage in the distribution system. The 

neighborhood outlet will pass through a meter before coming to a neighborhood tap that 

will provide water to all residents of the neighborhood. These neighborhood taps will be 

the sole water supply to the residents until they can repair their existing service lines. The 

existing pipe network will be left intact except that it will be capped at the upstream and 

downstream ends of the neighborhood.  

Distribution Line – The distribution line that connects the neighborhood tanks will be 

constructed of pipe suitable to withstand the pressure generated by the elevation change. 

This line will be buried so that is below the elevation of all existing service lines.  

Neighborhood involvement – Each neighborhood will need to work together to repair 

their existing services so they can have water inside their individual homes. The village 

plumber will be instructed on how to conduct a pressure test on these pipe systems. Once 

leakage is stopped within the neighborhood, a connection to the neighborhood tap can be 

made. It is intended to leave the neighborhood tap in place so that everyone in the 

neighborhood has equal access to water. Since the neighborhood tap will be at the top of 

the neighborhood distribution system, each resident will have the opportunity to obtain 

water regardless of their upstream neighbor’s usage.   

Operation and Monitoring – Each neighborhood will designate an individual to read the 

water meter on a monthly basis. These readings will be reported to the village water board 

so that they can monitor the system for usage and potential leakage. Another 

responsibility of this individual will be to control the valve that gives access to the 

emergency storage volume stored in each neighborhood. In the event that the water 

supply to the Village is disrupted, the valve to the lower portion of the storage tank can be 

opened. The stored volume available is intended to be 30 gallons per person per day, 

which, if used conservatively, could last for three days. Additional water supplies such as 
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rainwater harvesting will be investigated as a source to recharge portions of the system 

during extended outages. Periodic testing for residual chlorine will be conducted by the 

village.  

The Neighborhood Tanks Initiative will be designed to provide 57 liters  per person per 

day. This exceeds the highest use reported from the residents. Unlike the current system, 

this water will be available daily to the entire village. 

Protection of the existing Supply Line1 – As indicated previously, the existing supply line is old, 

exposed and traverses difficult terrain. A comprehensive review of the supply line shall be 

conducted with the Village Water Board and the individuals responsible for the maintenance and 

repair of the system.  An inventory of all known breakage locations shall be prepared to assess the 

most vulnerable sections of the system. The time distribution of failures is also important since 

water supplies during the rainy season could be augmented by the use of rainwater. It is anticipated 

that occurrence of breaks is largely due to land erosion and pipe degradation. In order to address 

these deficiencies a number of practices are proposed: 

Protect existing water supply by planting trees at the springs and on lands adjacent to the 

supply line. These trees will serve to stabilize the terrain near the pipe, reducing damage to the 

pipe while improving water quality due to reduced sedimentation. Trees could be chosen that 

could provide an additional cash crop to the local landowners. 

Relocation/Replacement of the existing pipe will occur in locations where the pipe is 

exposed to damage due to environmental, livestock or human factors. The pipe may be buried 

or relocated horizontally to protect it from damage. The least expensive method to protect the 

pipe is generally to bury it sufficiently so that it is not disturbed by agricultural practices or 

landslides. In some instances this may not be allowed due to terrain or land ownership.  In 

these instances it is proposed to protect the pipeline by relocating it to protected easements. In 

extreme cases, practices such as the use of steel pipe and retaining walls constructed of 

discarded tires will be used for stabilization of the terrain and protection of the water supply. 

                                                 
1 Tropical Storm Agatha caused extensive damage to the Supply line in May 2010. Current efforts by the Village have 
reestablished waterflow at a reduced rate using low pressure pipe. The principal spring was buried by a mudslide but 
was still producing water at a reduced rate. 
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Project Funding and Community Participation 

An itemized list of the project timeline (Table 4) and budget (Table 5) is attached 

Funding – The women in the Village of Simajhuleu commonly weave cloth for domestic use 

as well as an income source.  Articles made from this cloth are highly desirable in the United 

States. EWB will work with the women of the village to develop a distribution outlet in the 

United States.  Preliminary testing of this concept at Rotary meetings and Farmers Markets is 

in progress. The producers of these articles will be paid for the cost of producing these 

articles. EWB will sell these articles in the United States as a ‘symbol of water for needy 

people in Guatemala’ as well as gifts to donors. The proceeds from the sale of these articles 

will be the community’s financial contribution to the project. It is anticipated that the Village 

of Simajhuleu will raise 10% of the cost for materials in this manner.  

EWB volunteers will be required to pay 10% of their transportation and lodging costs through 

personal financial contributions and donations. 

Grants and donations will be sought to secure the remainder of the project funding.  

Labor - A skilled mason will be retained to oversee the construction of the concrete water 

tanks and a professional engineer will oversee the project construction and administer the 

project funds. All manual labor required for the construction of this project will be donated by 

Engineers Without Borders, Long Way Home, and the Village of Simajhuleu at no cost to the 

project. 

Conclusion – Access to water is a critical need Simajhuleu has demonstrated a genuine desire to 

work together to bring water to the entire community. Their participation with Engineers Without 

Borders and Long Way Home in analyzing their system and constructing a system to guarantee 

water to their children show that they are invested in the process. The cost of the entire system is 

$251,446 as itemized in the attached budget. This includes the cost of bringing EWB personnel to 

the site but does not include any cost for engineering design which will be donated by EWB. A 

grant of $135,594 will provide the materials necessary to build a water system that Simajhuleu can 

maintain, operate and expand for years to come. The cost of the water system is comparable to one 
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that could be contracted for and installed by outside contractors. The sustainability of this system 

lies in the involvement of the village in the analysis, design, and installation of the system. An 

added benefit is the 16 engineering students and professional who have already traveled to 

Guatemala (and who will travel in the future) to work hand in hand with Simajhuleu and Long 

Way Home on this project. Their involvement will give them compassion for the needs of the less 

fortunate, and their work on a simple water supply system will help them consider  sustainability 

into their future engineering careers. 
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Table 1- PVC Pipe Observed in Guatemala Water Systems 

Pipe 

Size 

(Inches) 

Pipe Specification Pipe Strength Rating 

½ SDR 13.5 315 PSI 

¾ SDR 17 250 PSI 

1 ½ * 80 PSI 

4 * 80 PSI 

 
* - No SDR rating indicated on pipe. 
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Table 2 – Household Water Consumption in Simajhuleu as measured with water meter 

temporarily installed on Household Water Source (Random sampling) 

 

Sector

People 
in 

Family

Per family Water 
Usage 

(liters/fam/day)

Per Capita Water 
Usage 

(liters/cap/day)
1 & 2 173 -                   
1 & 2 3 234 78                    
1 & 2 4 260 65                    
1 & 2 5.5 * 297 54                    
1 & 2 4 438 110                  
1 & 2 6 786 131                  

Average 1 & 2 4.5 365 73

3 & 4 5.7 * 120 21                    
3 & 4 5 173 35                    
3 & 4 3 282 94                    
3 & 4 4 298 75                    
3 & 4 8 336 42                    
3 & 4 6 485 81                    
3 & 4 3 608 203                  
3 & 4 4 760 190                  
3 & 4 8 861 108                  

Average 3 & 4 5.2 436 94

5 4 69 17                    
5 4.5 * 126 28                    
5 5.5 * 134 24                    
5 181 -                   
5 6 252 42                    
5 5 349 70                    
5 10 450 45                    
5 7 466 67                    
5 9 671 75                    

Average  5 6.4 300 41

Average  All 
Sectors 5.5 367 69

* - Multiple families using water service
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Table 3 – Project Objectives for Reconstructed Water System in Simajhuleu 

Objective Outcome Measure Timeline

Provide 57 

liters  of Water 

per person per 

day. 

Less Waterborne 

illnesses, Better 

relationship with 

neighbors 

Rotavirus and 

diarrhea reports  

Meter readings in 

each neighborhood 

Survey of users 

2011 

Store 114 liters 

of water 

storage per 

person in 

distribution 

system. 

Consistent water 

supply 

Adoption of tanks by 

residents 

2011 

Develop 

Alternate water 

Sources 

(Rainwater 

Harvesting) 

Less reliance on 

central water 

supply, more 

availability of 

water for 

agriculture and 

livestock 

Installation of 

individual storage 

tanks 

2012 

Protect existing water 

supply 

Cleaner water supply Survey of users

Trees planted at Springs 

2011-2013 

Fund 10% of Project 

with Locally –produced 

goods 

Provide outlet for locally 

produced goods, Involve 

Women in project 

Number of participants

Number of articles produced 

2010 - 2013

Monitor and evaluate 

water use in each 

neighborhood 

Ensure ownership of 

water by neighborhood, 

Ability to locate leaks  

Amt of water used in each 

neighborhood.  

Amt of water used in Village 

2011 - 3013
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Table 4 – Timeline for Construction Completion of Water System for Simajhuleu 
Research and Analysis  

 Date Task Cost 

 July 2007   EWB Contacted by Simajhuleu $ 0

 Jan. 2008   EWB Analysis of Supply system $4,860 

 July 2008   Needs Assessment – Door to door survey of entire Village $4,860 

 Jan 2010 Flow measurement in existing distribution system, usage analysis, 

leakage testing, Survey possible neighborhood Tank locations  
$7,632 

 

Rainwater Harvesting Demonstration Project  

 Aug – Oct 

2009 

Installation of RWH System demonstration project at 

Elementary School (Tank and Gutter) 
$47,570 

 Jan 2010 Installation and testing of pump $ 954

 Jan 2010 Education of Simajhuleu on Operation and Maintenance of RWH 

System 
$1,950 

 

Water Master Plan - (Partial Funding Required) 

 Jan 2010 – 

June 2010 

Design of Distribution system by Engineers Without Borders
$ 0 

 June2010- 

June 2011 

Installation of Neighborhoods tanks and dedicated distribution 

line. $105,580 

 Jan. 2010  

Jan. 2011 

Analysis and monitoring of existing supply line
$4,440 

 June 2011  

June 2012   

Repair of Neighborhood Distribution lines
$23,500 

 Jan. 2011  

Jan. 2013 

Relocation, replacement and protection of existing supply line. 
$50,100 
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Amount 
(US $)

 Requested 
(US $) 

In-Kind       
(US $) Total    (US $)

Research and Evaluation July 2007 - January 2010 -$             29,976$    29,976$       
Rainwater Harvesting 
Demonstration Project August 2009 - January 2010 -$              37,850$     37,850$       

Water System Master 
Plan Construction

Air fare $13,500 12,150$      $1,350
Airport Travel $900 810$            $90
lodging $2,300 2,070$        $230  
Gas, Phone, 
Food $1,380 1,242$         $138

Subtotal 16,272$       $1,808 $18,080
Neighborhood Tanks System

Skilled Labor
Part Time 
Construction 
Manager

$25,000 22,500$       $2,500

Skilled Mason $4,500 4,050$        $450
Subtotal 26,550$       

Materials
Subtotal 66,672$       $10,358 $74,080

Repair Existing Pipe in Neighborhoods
Materials

Subtotal 3,150$         $350 $3,500
Protect exisiting Supply line and Springs

Materials
Subtotal $22,950 $2,550 $25,500

Volunteer Labor for Water System Installation
Community per hour)

3,080      -$              15,400$     15,400$       
Long Way Home per hour)

596         -$              5,960$       5,960$         
EWB Volunteers per hour)

1,644      -$              41,100$     41,100$       

Cost of Water System Construction 109,044$    77,526$     183,620$    
Total Cost of Water System 109,044$    145,352$  251,446$    

EWB Costs - This is the cost of transporation and lodging of the volunteers from Engineers 
Without Borders in Guatemala while they are working on the project. There is no cost 
associated with the time required to design the project.

Table 5 - Project Costs for Water System Reconstruction 



 

22 
 

Figure 1- Water Distribution Survey
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Figure 2- Water Reliability Survey 
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 Figure 3- Existing Storage and Collection System
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Figure 4- Existing Distribution System
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Figure 5- Static Water Pressure Map (Calculated) of distribution system. Calculated Pressure 
in the system ranges from 0 psi at the main storage tank to 299 psi (2061 kPa) at the lowest home 
in the system. Most calculated pressures are over 100 psi. This is in contrast to actual 
measurements which were generally below 50 psi, with many services indicating 0 psi.  



 

27 
 

 
  

 Figure 6- Distribution System Water Losses by Sector
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Figure 7- Water Loss from Simajhuleu Water System


