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Pre-Implementation Report Part 1 – Administrative 

Information  
 

1.0 Contact Information 

 
Administrative 

Position 

Name Email Phone Number Chapter 

Project Leads Witcha 

Danaisuphachok 

 

wdanaisu@purdue.edu,  

 

 

(317) 702-3424 

 

 

 

 

 

mailto:wdanaisu@purdue.edu
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Tyler Anselm 

 

Sara McMullen 

 

Mark Shebeck 

 

Robert Sedivy 

tanselm@purdue.edu  

 

ssmcmull@purdue.edu 

 

mshebeck@purdue.edu  

 

rsedivy@purdue.edu 

(317) 410-1764 

 

(317) 833-0859 

 

(317) 908-2292 

 

(708) 856-2816 

 

Purdue 

University 

President, Vice 

President 

Carlos Blanco 

 

 

Kim Reppa 

carlosblanco2718@gmail

.com,  

 

kreppa@purdue.edu  

(954) 319-5284 

 

 

(219) 775-6323 

 

Purdue 

University 

Mentor 1 

 

 

 

Chris Breinling 

 

chris.breinling@urs.com  

(317) 532-5458 Indianapolis 

Professional 

Mentor 2 Rod Beadle rbeadle@eraconsultants.c

om  

(630) 918-7716 Chicagoland 

Professional 

Mentor 3 Jackie 

Dohrenwend 

jdohrenwend@rwa.com  (317) 780-7161 Indianapolis 

Professional 

Faculty 

Advisor 

Ernest Blatchley blatch@purdue.edu  (765) 494-0316 Purdue 

University 

Assistant 

Health and 

Safety Officer 

Michael Frank frank7@purdue.edu 

 

(708) 250-6460 Purdue 

University 

NGO/ 

Community 

Contact 

Ruben Mamani-

Paco 

 

ruben775@yahoo.com  (918) 858-0927 Engineers in 

Action 

Administrative 

Position 

Name Email Phone Number Chapter 

 

2.0 Travel History  
 

Dates of Travel Assessment or Implementation Description of Trip 

October 2009 Assessment Team of 5 students and 1 

professional mentor went to assess 

the existing conditions of the 

potable water supply and to assess 

new supply sources. 

 

mailto:tanselm@purdue.edu
mailto:ssmcmull@purdue.edu
mailto:mshebeck@purdue.edu
mailto:carlosblanco2718@gmail.com
mailto:carlosblanco2718@gmail.com
mailto:kreppa@purdue.edu
mailto:chris.breinling@urs.com
mailto:rbeadle@eraconsultants.com
mailto:rbeadle@eraconsultants.com
mailto:jdohrenwend@rwa.com
mailto:frank7@purdue.edu
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3.0 Travel Team  

 
# Name E-mail Phone Chapter Student or 

Professional 

1 

 Rod Beadle  rbeadle@eraconsultants.com  630-918-7716 

 EWB - 

Chicago  Professional 

2 

 Drew Sharp  drmsharp@iupui.edu   

 EWB - 

Indiapolis  Professional 

3  Witcha 

Danaisuphachok  witchad@purdue.edu  317-702-3424  EWB - Purdue  Student 

4  Tyler Anselm  tanselm@purdue.edu  317-410-1764  EWB - Purdue  Student 

5  Sara McMullen ssmcmull@purdue.edu  317-833-0859  EWB - Purdue  Student 

6  Pete Rodgers prodgers@purdue.edu  614-545-8467  EWB - Purdue  Student 

7  Dalan Talsma  dtalsma@purdue.edu  260-435-0425  EWB - Purdue  Student 

8  Rod Beadle  rbeadle@eraconsultants.com  630-918-7716  EWB - Purdue  Professional 

 

4.0 Health and Safety 
 

4.1 Travel Safety 

4.1.1 Department of State Travel Warning/Alert and International SOS 

Travel Risk Ratings 

  

 There are currently no State Department travel warnings for Bolivia, 

however there is currently a moderate travel risk according to International 

SOS global security information. 

 

4.1.2 Point to point travel detail 

 

The team will depart Miami International Airport to El Alto International 

Airport in La Paz, Bolivia with a domestic connection flight to Capitan 

Oriel Lea Plaza Airport in Tarija, Bolivia.  The team will meet with a 

representative from the partner non-governmental organization Engineers 

In Action (EIA) in Tarija. Team members and EIA representatives will 

travel by car for approximately 1 hour to the village of Papachacra. 

  

4.1.3 On-the-ground phone number and email for travel team 

 

 Two-way radios will be the primary means of communication between 

team members at the worksite. Communication between the team 

members and EIA will be facilitated by phones in Papachacra and 

Iscayachi. Internet is only available in Tarija for e-mailing U.S. the    

emergency U.S. contact for the project, Mary Schweitzer. 
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4.2 Site Safety - Health and Safety Plan 

 

 We plan to follow the guidelines in EWB document 600—Health and Safety plan. 

 This is a separate document. 

 

 

5.0 Budget 

 
5.1 Project Budget 

 

Expense Total Cost 

Airfare $10,500 

Ground Transportation $850 

Food and Lodging $1,057 

Materials and Transportation $11,917 

Labor $1,460 

Other $1,192 

Total $26,976 

 

 
5.2 Donors and Funding 

 

Donor Name Type (company, foundation, private, 

in-kind) 

Account Kept 

at EWB-USA? 

Amount 

Boeing Company No $10,000 

Schlumberger Company No $2,000 

Purdue Fundraising No $3,000 

    

    

Total Amount Raised:   $15,000 
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6.0 Project Discipline(s): Check the specific project discipline(s) addressed in this 

report. Check all that apply.  
 

 

Water Supply 

__X__ Source Development 

__X__ Water Storage 

__X__ Water Distribution 

__X__ Water Treatment 

__X__ Water Pump 

 

Sanitation 

____ Latrine 

____ Gray Water System 

____ Black Water System 

 

Structures 

____ Bridge 

____ Building 

 

 

Civil Works 

____ Roads 

____ Drainage 

____ Dams 

Energy 

____ Fuel 

____ Electricity 

Agriculture 

____ Irrigation Pump 

____ Irrigation Line 

____ Water Storage 

____ Soil Improvement 

____ Fish Farm 

____ Crop Processing Equipment 

 

Information Systems 

____ Computer Service 

 

 

 

7.0 Project Location 

 
Longitude: 64°57'23.97"W 

Latitude: 21°31'14.60"S 

 

8.0 Project Impact 

 
Number of persons directly affected: 550 (Approximate Village Population) 

Number of persons indirectly affected: NA 

 

9.0 Professional Mentor/Technical Lead Resume  
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Pre-Implementation Report Part 2 – Technical Information 
 

1.0 INTRODUCTION 

 
The village of Papachacra is experiencing a shortage of potable water due to the increasing 

demand from population growth and inadequate existing system.  The EWB-Purdue chapter with 

assistance from Engineers in Action has planned to develop a sustainable solution for the 

community.  The EWB-Purdue chapter is responsible for the design and construction of the 

system improvement project.   

 

The purpose of this report is to discuss the details of preliminary design regarding the potable 

water project in Papachacra, Bolivia.  The report provides a summary of project background, 

calculations and details of design components, implementation schedule, associated cost 

estimates, ownership, and system operation and maintenance procedures 

 

 

2.0 PROGRAM BACKGROUND 
 

The village of Papachacra is located in mountainous region of Southern Bolivia. The economy is 

agriculturally based; however, the residents can hardly produce enough yield from their harvests 

to support themselves. Since the community is continuing to expand, the demand for water is 

increasing as well. Around 50% of the village’s population leaves during the dry season to find 

work and water elsewhere. Currently, a water system constructed by an organization called 

CARE, which was later augmented by the National Fund for Productive and Social Investment, 

can supply enough water for about fifty families. However, the population is now at around 134 

families and growing. The government of Bolivia is giving funding to small villages, including 

Papachacra, to improve their standard-of-living. This means eventually plumbing will be 

installed in the houses and buildings, further increasing the demand for water.  

 

In October 2009, five students from Purdue University and one professional engineer traveled to 

the site to do an assessment. They talked to villagers, teachers, and health professionals in the 

area. The current water source and possible additional sources were tested for traces of nitrates 

and nitrites, hardness, pH, total chlorine, and free chlorine. The sources such as the Tree Spring 

and Spring #3 were found to be safe and clean for use and consumption.  Despite the available 

clean water source, they learned that several villagers consume contaminated water from 

irrigation ditches when there is not enough water from the existing facility. Because of this, 

villagers are prone to pathogens and illness.   Providing the village with a clean water supply has 

the potential to improve the lives of the current residents as well as the lives of future 

generations.  In addition to the assessment trip, in summer 2010, a topographic survey was also 

done for the existing system from the spring boxes to the school.  The information from the 

survey was used to define the elevation profile and geographical features of the surrounding area. 
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3.0 FACILITY DESIGN 
 

3.1 Description of the Proposed Facilities 
 

The goal of the “Improvement of Potable Water Supply” project is to increase the water supply 

for the community by system modification and addition of the water sources as outlined in 

Appendix E.  Therefore, EWB-Purdue Chapter plans to increase the overflow height of the 

existing spring box. Additionally, EWB-Purdue Chapter plans to construct a new spring box and 

pumping system at the Tree Spring in order to increase the overall water supply. From the 

average of five different measurements of flow rate at the Tree Spring flow channel, the spring 

can supply approximately at least 17,000 L/day.  The total available supply after the completion 

of the first phase will be approximately 43,000 liters per day.  The new spring box will be 

equipped with a submersible pump with a power supply from solar panels and a battery array.  

The water will be pumped up to polyethylene storage tanks at the elevation 50 feet greater than 

the spring.  The additional supply will predominantly serve the two upper zones of the village.   

 

The existing facilities in Papachacra, detailed in Appendices H and E, include a water system fed 

by two springs located in the mountainous region south of the village.  The flow rate 

measurements of the springs were from the average of five individual measurements at the inlets 

of spring boxes. The first spring, the CARE spring has a flow rate of 16,200 L/day and the 

second spring, the FPS spring, has a flow rate of 10,000 L/day.  The flow from the springs then 

travels down separate pipelines to the village.  The pipelines travel across a gorge, up a small 

hill, and then down the mountain where they combine in the two tanks above the village.  

Because the pipe has to travel up the hill before coming down the mountain the flow experiences 

some undesired head loss on its way to the two water storage tanks, labeled as point 4 in 

Appendix E.  This causes less water to flow out of the spring boxes and down the mountain.    

 

 

3.2 Description of Design and Design Calculations 
 

Determination of Demand: 

 

The demand calculation of this project is based upon information provided by the community 

leader. There are 134 families within the community with a current demand of 66 liters per 

person per day. The average number of persons per household is assumed to be four, thus 

yielding a demand of approximately 264 liters per family per day.  Therefore, the projected total 

demand is at 35,376 liters per day.   

 

The system is sub-divided into four zones. Two are located in the lower half and the other two 

are located in the upper half of the community.  Currently, the population is roughly evenly split 

between the upper and lower zones, thus the total demand of the upper and lower area are 

considered equivalent. The existing system will supply 26,000 L/day and the Tree Spring will 

supply the new system with at least 17,000 L/day. The existing water system will primarily 

supply the upper zones. A valve will be added to the current pipe network in order to regulate the 
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amount of flow from the existing system to the lower zones. The valve can be adjusted to allow 

an equivalent supply to reach the upper and lower zone. The valve allows the water supply to be 

proportionally divided in the case of expansion. The lower zones will be the sole recipients of the 

new water supply. The new water supply is located below the upper two zones and would require 

pumping to raise the water to their level.  

 

The aforementioned estimates of demand were based on calculations presented below.  Estimates 

for future flow rate demand are also calculated below.  The estimates for future flow demands 

were based on the estimate that if each family were to install a flush toilet in their homes it 

would increase the demanded flow by 40 L/day with the assumption of 4 L/flush.  With the 

current rate of growth from the community census, the village has the potential to reach 180 

families in the next 5 to 10 years.  Based on the calculations below, it can be seen that the 

demanded flow could increase five times in the next few years.  In order to accommodate this 

growth, we will examine additional phases in the future that continue to expand and improve the 

water supply and other aspects of the community.  

 

 

Determination of Storage Tank Size and Location: 

 

The storage tank was designed to have the capacity to store approximately the amount of water 

the Tree spring can produce daily (~17,000 L) to ensure that it can sufficiently store water from 

both the Tree Spring and the existing system.  Therefore, we chose to use three polyethylene 

tanks of 5,000 L capacity each.  Each circular tank will have dimensions of 1.85 meters in 

diameter and 2.25 meters in height.  The tanks will be located between the Tree spring and 

existing treatment tanks with approximate differential elevation of 20 meters.  The elevation 

difference is determined to ensure the water pressure within the pipe of around 40 psi.  The tank 

will be located on the roadside where the road splits off into two routes.  See Appendix D., 

Figure D1. 

 

 

Determination of Water Quality and Purification Method 

 

From the water testing data collected from the assessment trip, the existing water sources and the 

Tree spring are very clean and safe for consumption. (See Appendix M)  For the existing system, 

the community water committee uses chlorination for the water treatment and there has been 

never been an issue regarding water quality.  Therefore, the additional water source from the 

Tree Spring will also be chlorinated by the person in charge from the community water 

committee. 

 

Required water quality of the new water entering the system as well as the quality of the full 

system’s water after the project is implemented will be compared with the water quality 

standards for Bolivia outlined in the document in Appendix N below.  I will be a requirement of 

this project that the quality of the water meet these standards for Bolivia especially the standards 

for Ecoli, Chlorine residuals, Turbidity, Arsenic, and Flouride.  Measurements will be taken by 
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the Papachacra water committee as need or as requested by EWB-Purdue to insure that the 

system remains within the standards outlined in Appendix N.  

 

 

Determination of Spring Box: 

 

The spring box will be a reinforced concrete structure consisting of #3 or #4 grade 60 reinforcing 

bars and wall thickness of 8 inches to provide sufficient coverage for the rebar and stirrups. The 

design and construction method were based on the ACI 318-11 Code.  The overall height of the 

structure will be 6 feet and with width and the length of 7 by 7 feet.  The structure will be 6 feet 

below grade.  Medium size aggregates will fill the constricted area to filter water flowing into the 

spring box.  The spring box consists of one chamber with inlets on the wall adjacent to the 

catchment area at 20 centimeters from the spring box’s interior top surface.  See Appendix B for 

additional details.  See Appendix B section 2.0 for calculations. 

 

 

Determination of Pump Specification and Power Requirement: 

 

To determine dimensions of the spring collection box as well as to size and dimension the pump 

system and solar panels the calculations seen in Appendix A were done.  These calculations we 

done based on a Lorentz PS1200 HR-14 No.1255-X Helical rotor submersible pump, which is a 

pump that is easily available in La Paz.  From the calculations and the use of the curve for this 

pump it was determined that the pump will need to be run at a flow rate of 15,000 L/day thus 

providing a pressure head of 30 meters.  Running the pump at this rate at increments as the 

collection box fills will provide the required overall flow rate to ensure that the tanks are 

consistently filled with fresh water from the tree springs.  In running the pump at these rates it 

will need at up to 500 watts per day.  This power will be provided by two 250 watt solar panels 

and stored in three 12 volt car batteries 

 

 

FPS Spring Overflow Pipe Extension 

 

The citizens of Papachacra are currently losing a significant amount of water due to the overflow 

pipe in the spring box. The pipe extends well short of the top of the tank and begins to divert 

water when the tank has only reached 75% of its capacity. The overflow water is diverted to 

cattle, but the cattle are receiving more water than necessary while the citizens are not receiving 

enough water. In order to decrease the quantity of water lost through the overflow pipe we plan 

to extend the current one inch diameter PVC overflow pipe. This will allow the stored water of 

the tank to reach a greater height and volume.  

 

The overflow pipe will be raised by attaching an additional segment of a one inch diameter PVC 

pipe.  The segment will be attached using a female-to-female pipe joint. Sealant will be applied 

to the inside of the joint to create a tight connection. Teflon tape will be applied to the outside of 

the connection to strengthen connection and reinforce the seal. The added pipe segment will 
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ideally extend the pipe one inch below the sediment chamber wall. The one inch of clearance 

will prevent the stored water from mixing with the water in the sediment chamber. The water 

storage capacity of the main holding tank will be increased, subsequently increasing the water 

directed towards the village.  

 

 

  Before Extension     After Extension 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2.1 overflow extension pipe diagram 

 

 

3.3 Drawings 
 

 

Drawings included in 525 – EWB-Purdue Drawing Package. 

Appendix A – Pump and Electrical System 

Appendix B – Spring Box System 

Appendix C –Tank and Valve System 

Appendix D – Pipe System 
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4.0 PROJECT OWNERSHIP 
 

The village of Papachacra currently has a water committee in place to monitor and maintain their 

current water system. The water committee will additionally oversee the new water system. 

EWB-Purdue will provide the village’s water committee with all necessary information 

regarding the new system including; system installation, maintenance, and repair. A manual 

containing the information will also be provided. EWB-Purdue has been granted permission to 

make use of the public water and land on which the water system will be constructed. The water 

committee will collect fees from the villagers to generate revenue for maintenance and repair. 

 

 

5.0 CONSTRUCTION PLAN 
 

5.1 Construction Plan 

 

The construction will be done by EWB members, EIA members, community members, a 

mason, and a local engineer.  EWB members will be participating in most of the 

construction activities except for pipeline excavation and installation, which will be done 

by the villagers.  The excavation and preparation of the pipeline, storage tank and spring 

box will start before the team arrives in Papachacra and the completion of many 

components of the project, such as pipe and storage tank installation can be done after the 

team’s departure.  The layout of the overall pipeline and excavation site will be sent to 

EIA and villagers beforehand in order to prepare for the project construction. 

 

EWB-Purdue Chapter will also hire a local mason and engineer to oversee the 

construction of spring box, solar panels and overall electrical system.  EWB members and 

villagers will also participate in the construction of these components.  There will also be 

at least one mentor or EIA member overseeing the overall construction of each site to 

ensure that the system is being implemented as designed. 

  

 Day 1 

- Meet and Greet with the Village 
- Assess site and other preparation done by the villagers 
- Assess pipeline excavation done by the villagers 
- Check the delivered materials 

 
Day 2 

- Finish the site and other preparation at the Tree Spring area 

- Pick an exact location for the storage tanks, spring box, pump house and solar 

panels 

- Finalized pipe layout at the spring box and storage tanks 

- Assess the sites for additional preparation 

- Inspect formworks 
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Day 3 

- Continue pipeline excavation 

- Site preparation at the storage tank location 

- Foundation slab concrete pouring for spring box, pump house and solar stands 

 

Day 4 

- Foundation work for storage tanks 

- Overflow pipe extension at the existing spring box 

- Spring box concrete pouring (except the top slab) 

- CMU laying for pump house 

 

Day 5 

- Finish pipeline excavation 

- Install solar stands and solar panels 

- Install pump and batteries 

- Rest 

 

Day 6 

- Pump + Spring Box system integration 

- Wiring of Pump + Batteries + Solar Panels 

- Pump and spring box system integration 

- Pump, batteries and solar panels wiring 

 

Day 7 

- Continue pipe installation 

- Pipe integration at tanks 

- Top slab concrete pouring for spring box 

- Lid concrete casting for spring box 

- Install roof structure and doors for pump house 

 

Day 8 

- Securing the solar panel and pump house with fences 

- Install roof structure and door for pump house 

- Finish pipe installation 

 

Day 9 

- Pump system Testing 

- Valve system Testing 

- Trial Run of the system 

- Troubleshooting for any problems 

 

Day 10 

- Final system check 

- Touch up on details 
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- Room for delays 

 

Note:  There can be multiple teams (up to 3) working on any day, depending on the 

nature of work tasks.  Brief construction plan overview will be conducted at the 

beginning of each day.  End of day meetings will also be concluded on daily basis.  See 

Appendix F for construction flow chart. 

 
5.2 Construction Safety Plan 

 

 A safety review will be conducted at the start of each day with respect to the scheduled 

tasks.  The safety measures for construction include gloves and work boots for protection 

from cement burn and physical injuries.  The wiring process will be done without any 

electrical current in the system and overseen by a local engineer specializing in electrical 

systems.  More information about the Construction Safety Plan can be found in the Heath 

and Safety Plan (form 600). 

 

 

6.0 SUSTAINABILITY 

 

6.1 Background 

 
The potable water system has been designed to incorporate materials and technology available 

near Papachacra. The local acquisition of materials will ensure easy and sustainable access to 

replacements and repairs.  

 

Durability was also considered during the material selection process. The PVC piping will be 

buried underground and degradation will be minimal. A lifespan of at least 50 years will be 

expected. The polyethylene tanks have a typical lifespan of 15-20 years. The solar panels have 

an effective lifespan of 20-25 years. The community leaders and water committee will be 

provided a manual containing information on all system components and their lifespans.  

 

The solar panels will provide sustainable electricity for the pumps in the system. The village’s 

water committee will be instructed on how to recharge the batteries using an automobile as a 

generator or by connecting the system to a grid in the event that the solar panels fail to keep the 

batteries charged.  

 

The chapter’s Community Outreach Committee is in the process of designing an educational 

program to inform the villagers about the new water system, sustainable agriculture, waste 

management, and proper sanitary and hygienic practices. In order to maintain a sustainable water 

system the team will educate the community on the importance of water conservation. The 

vulnerability of the area surrounding the spring will be analyzed and brought to the village’s 

attention in a report outlining possible threats.  

 



Document 525 - Pre-Implementation Report  

Purdue University 

Papachacra, Bolivia 

Improvement of Potable Water Supply 

 

Page 23 of 83 

Additionally, the chapter will work with the operators of the current water supply system to 

advance their understanding of the new system as well the chapter’s understanding of current 

water systems in Bolivia. These operators will be asked to monitor key portions of the 

installation that may require repair or replacement in the future. These operators will be 

responsible for system maintenance and operation.  Furthermore, a community-elected water 

committee will also aid in sustaining the system. 

 

No environmental impacts or issues were discovered after communicating with the village 

leaders and examining the area thoroughly during the site assessment.  The water depleted from 

the tree spring will have a very minor effect on the watershed and the change in storage will be 

negligible after recharge. 

 

6.2 Operation and Maintenance 

 
From Skype conference calls with EIA and interview transcripts from the 2009 assessment trip, 

it is clear that the community’s water committee will take responsibility of all of the operation 

procedures, maintenance, and repairs for the system.  Papachacra’s water committee currently 

operates and maintains their water system effectively and has stated that they are willing to learn 

and implement the operation procedures for the addition to the system to insure that it will 

continue to run smoothly. 

 

In order to assist the water committee in operation and maintenance of the new water system, 

EWB Purdue will provide training during our implementation trip.  This training will include 

ensuring a full understanding of the Operation and Maintenance (O&M) Manual that EWB 

Purdue will provide after the Pre-Implementation Report (EWB 525) and before the 

implementation trip.  It will be insured that the Papachacra water committee understands periodic 

maintenance procedures, advised repair protocols, and are provided information such as parts 

lists, local vendors, and information on who to contact if specialty repairs are needed (e.g. pump, 

solar panel, or electrical system failures).  This O&M manual will also include daily O&M 

sheets to be completed by the Papachcra water committee and submitted to EWB Purdue on a 

monthly basis for review and suggestions.  This will be continued for the first year following 

implementation to insure that the community becomes gradually accustomed to the system and 

can rely on EWB Purdue for helping to monitor the system’s health.      

 

Routine maintenance on the system is expected to be minimal and to be only a small addition to 

the water committee’s current maintenance procedures.  The components of the system that will 

require the most maintenance are those in the solar panel, centrifugal pump, and electrical 

systems.  Simple training and the use of parts and a pump that is available in the surrounding 

area make this maintenance much easier on the community.  EIA will also be available to assist 

the water committee with these components if repairs are needed.  Maintenance on other parts of 

the system will include periodic cleaning of the water tanks, checking for leaks, and insuring that 

all valves are in working order, none of which will require much technical expertise. It will also 

be requested that as part of their O&M procedures that the water committee take monthly post-
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treatment water samples to be analyzed by EIA to insure that the addition to the system has not 

altered the community’s water quality.   

 

The increase in O&M is estimated to be minimal, and the community has stated that they will 

increase the monthly water fee per family by a small amount to offset these additional costs.  If 

maintenance or repairs prove to be too costly for the community, improvements will be made for 

Phase II of the implementation.  More information about operation and maintenance procedures 

can be found in Appendix L. 

 

6.3 Education 

 
To address the long-term sustainability of the project for the community, the traveling team will 

be implementing several education initiatives regarding water conservation, recycling, and basic 

education on the new additions to the system. Prior to the implementation, educational 

deliverables will be produced regarding conservation areas identified by EIA. After initial Skype 

calls, educational target subjects include recycling, water conservation, and composting. 

Deliverables will include written material in the form of brochures, flyers, signs and optional 

small ‘informational sessions’ conducted by the traveling team if time allows. Prior to the team 

departure, all deliverables will be reviewed by EIA and translated for the community.  

 

The team will also spend time educating the community on the benefits of the project. This will 

happen by first confirming details with the village leaders and then using their assistance in 

spreading the word to the community. The emphasis on describing the project to the community 

is having the community understand the springs only increase water supply and do not produce 

‘infinite’ water use. The team realizes the maximum benefit to the community is achieved when 

water use does not change significantly from the assessment statistics. To help accomplish this, 

educational deliverables will focus on water conservation and water reduction methods. One 

possibility for increased community involvement is to help start a community ‘water watch’ 

program where community members can keep track of their water use. An award for 

participation in the program could be sponsored by the village leadership once approval is gained 

from the village leadership.  It is hoped that this will help community members to feel a sense of 

pride in conserving water supplies and doing what is best for the community as a whole.  

 

From data provided in the assessments, one of the main consequences of limited water in the dry 

season is an increase in the possibility of diseases due to poor hygiene habits. The team intends 

on helping to resolve this issues with educational deliverables addressing hygiene habits and 

identification of safe water. From interviews with the community, a common occurrence during 

the dry season is to find community members drinking from open water ponds of untreated 

water. The team hopes to curtail this practice with educational materials on identification of safe 

water and on basic water purification practices. Because of the bulk of information available on 

this subject and others, the team anticipates that more deliverables might be necessary on the 

second implementation trip.  
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7.0 MONITORING  

 

7.1 Monitoring plan for current project 

 
As a means of monitoring the project after its completion the EWB-Purdue team will rely on 

system information and data from the water committee in Papachacra.  The water committee will 

be advised to follow procedures outlined in the O&M which will detail processes for reporting 

issues with the system and explain how to take periodic measurements.  The main pieces of data 

that will be used to monitor the project will be water quality samples, data on frequency of minor 

repairs required, and data on success of maintenance procedures.  If any of these main categories 

are not meeting expectations, a solution will be able to be developed quickly and effectively with 

the help of EIA.  Because data will be reported by the community through EIA to EWB-Purdue, 

problems in the system can be addressed in an efficient manner.  

 

Also a direct means of monitoring that will be conducted by the EWB-Purdue team will be a 

return trip to the community in the summer of 2013.  This trip will be as a means of evaluating 

the effectiveness of the system, making any needed repairs, and doing an assessment for 

following phases on the project.  

 

 

8.0 COMMUNITY AGREEMENT/CONTRACT 

 
See the Memorandum of Understanding in Appendix J. 

 

9.0 COST ESTIMATE 
 

The Costs (in U.S. dollars) associated with this project were estimated using prices given to use 

from EIA.  These costs include the prices of the solar panels, pump and pump circuit, spring box, 

piping and required valves, storage tanks and all required tools, equipment, and material 

transportation costs for the proposed project.  Labor costs including skilled and unskilled labor 

have been tabulated at zero dollars because all labor will be provided by the community and 

volunteers.  The conversion rate and prices were provided by EIA and is assumed to be roughly 7 

Bolivianos to 1 U.S. dollar.  A general overview of the estimated costs for each Component 

group can be seen below along with a 10 % contingency.      
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Table 9.0.1: Summary of Estimated Costs for Phase I Installation 

Component  Cost (U.S. Dollars) 

Photovoltaic Panels (solar) $1,000 

Lorentz helical rotor submersible 

pump $2,000 

Pump/Solar panel circuit $535 

Spring box  $888 

Piping and Valves $855 

5000 L HDPE I Tanks $3,000 

Tools, Equipment, Fasteners and 

Material Transportation $2,300 

Unskilled Labor $200 

Skilled Labor $1,260 

Subtotal  $12,038 

10% Contingency  $1,204 

Total Phase I Project Cost  $13,242 

 

10.0 SITE ASSESSMENT ACTIVITIES 
 

The first day at the site will consist on only site assessment activities.  This will include first 

walking the site and discussing and taking note of on unanticipated obstacles, terrain, or soil 

types that may lead to required adaptions in the construction process.  Also measurements of 

each site will be taken and verified with the designs to help plan for needed changes early on.  

This will all be done along with leading members of the community to insure that they 

understand how the construction will be carried out and what will be done on which days.  This 

is also when we will divide up the tasks and construction responsibilities of community.  We will 

also do a walk through with the hired mason to insure that he thoroughly understands the design.  

 

A very important site in this project that will need to be assessed accurately early on is the spring 

box site.  Since the spring box design may need to be adapted depending on the depth of the 

impenetrable layer and exact locations of surrounding tree and root structures the assessment will 

need to be done very effectively.  Because of the sensitivity of this portion of the project we are 

bring a mentor how has had previous experience installing spring boxes in developing areas. 
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11.0 PROFESSIONAL MENTOR/TECHNICAL LEAD ASSESSMENT 

 

11.1 Chris Breinling 

 

11.2 Professional Mentor/Technical Lead Assessment 

 
The Purdue University chapter of Engineers Without Borders originally travelled to Papachacra, 

Bolivia in October 2009 in order to assess the condition of an existing water supply system.  

Since that time, the Purdue University students have been preparing design documents, project 

system analysis and prepared the cost estimates associated with the proposed improvements.  

The existing chapter membership consists of a group of students that are motivated to complete 

an initial implementation project that melds the disciplines of civil, mechanical and electrical 

engineering.  Tyler Anselm, one of the project leads, used his mechanical engineering experience 

to develop the spring box and pump station design. Witcha Danaisuphachok (civil engineering 

student) and Sara McMullen (agricultural engineering student) developed the water distribution 

system and storage layout that will be programmed into later phases of the project.  Mark 

Shebeck, a civil engineering student who will not be travelling on the 2012 project trip, was 

instrumental in the development of the modifications required to increase water collection 

efficiency at the most remote water collection springbox.  The students, under professional 

guidance, were able to make critical decisions with regard to project scope, costs, schedule and 

constructability issues associated with the delivery of a public water supply system that can be 

constructed within a ten day period on-site in Papachacra, Bolivia.  A carefully developed 

schedule, along with on-site coordination of personnel in cooperation with Engineers In Action 

(EIA) will provide for an intense on-site learning and enrichment activity for both students and 

community members while establishing a technology transfer and system development plan for 

the community to implement in future years.  Traveling mentors from the Chicago and 

Indianapolis Professional Chapters will include Drew Sharp and Rod Beadle, two engineers who 

both have been very successful EWB Student Chapter mentors for many years having 

constructed several water distribution and structural projects each. 

 

11.3 Indianapolis Professional Chapter 
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Appendix A 

 

1.0 Pump and Electrical System Design and Drawings 

 

The pump seen below in Figure A2 is a Lorentz PS1200 HR-14 No. 1255-X Helical rotor 

submersible pump that has a built on motor which runs on 72-96v DC and has an efficiency of 

65%.  It has an outlet pipe diameter 1-1/4” and is specifically designed for solar operation.  The 

specs for this pump are ideal for what we will need in this system.  As seen in the pump 

specifications in Figure A1, the pump will be run at a flow rate of 15,000 L/day which will give 

a pressure head of 30 m as show by the red line.  This flow rate and head will work well for this 

system as shown by the calculations in Appendix A2 below.   

 

 

 

 

 

 

 

 

Figure A1. Pump Specifications 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.2 Lorentz PS1200 HR-14 No. 1255-X Helical rotor submersible pump 
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Figure A3. HR-14 pump and controller dimensions 
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Float Switches to Control Pumping increments 

 

 A float switch at the top (1000 L mark) will activate as seen in Figure A4 below when the 

water has reached the 1000 L level.  The pump will then drain the entire 1000 L until the water 

level reaches the bottom and the 0 L switch is activated shutting off the pump.  This cycle will 

then be repeated throughout the day as water is pumped. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4. Float switch layout 

 

Pump House 

 

The pump components will be stored in a concrete block pump house with all of the electrical 

components including the battery array, the motor controller, and wiring.  The structure will be 

well ventilated with screened slots on all sides of the house.  The roof will be angled to allow for 

rainfall to run off.  The house will be placed on a concrete slab foundation raised above ground 

level to prevent rain water from collecting around the area.  The house will be constructed as 

seen below in Figure A5. 

 

 

 

-(4 in to 6 in) 
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Figure A5. Pump house for controller and batteries  
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Solar Panels 

 

Two 250 watt solar panels will be used to power the pump system.  They will be mounted to 

solar panel stand as seen below in Figure A6. which will be purchased in Bolivia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A6. Solar panels and purchased stand 
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Solar Panel Circuit 

 

To control the pump system a float switch will be used to tell the motor when the tank is full and 

when it is empty, a pump controller will be used to adjust the motor speed and control the pump, 

12 VDC 75Ah, 1.75V per cell batteries, as well as a fuse to protect the system from surges.  The 

components will be connected as seen in the circuit diagram below in Figures A7 and A8.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A7. Solar Panel circuit block diagram 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pump Controller  
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Figure A8. Solar pump wiring circuit diagram 
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2.0 Pump and Electrical System Calculations 

 

The calculations below outline the determination of the spring box capacities, pump 

requirements, and power options.  Figure A9 below shows the crucial dimension of the interior 

of the spring box used in the flow calculations 

 

 March 26, 2012 
 

 

 

 

 

 

           Plan View 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                        Profile View 

 

 

 

 

 

 

Figure A9. Spring box dimensions (not to scale) 

 

 

 

 

 

Outlet pipe 

from pump 

Submersible pump 
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Spring Box Dimensions 

 

 
 

 
 

At     it will take 

  

 to fill. 

 

Pump Time 

 

We will use a submersible pump as seen in the description below and run it at a flow and 

pressure drop values of   and  we can run the 

pump for  

 

  

 

because     the pump will not run dry.  Excess water will overflow to irrigation. 

 

*To account for varying flow rates a safety float switch will need to be added to insure that the 

pump shuts of long before the flow runs dry.  A top float switch will be used to turn on the pump 

when the tank is filled to the 1000 L mark. 

 

Pump Power and Required Solar Panels 

 

The system will be run off of two 250 Watt solar panels providing 500 W of power.  This 

amount of power is sufficient for running the HR-14 pump seen in the Figure A1. above.  

According to the NREL Bolivia has 2,292 hours of sunlight per year with an average of 6.3 

hours per day with the shortest average of 4.8 hours in March and the longest being 8 hours per 

day in June offering a radiation of between 1,460 and 2,190 kWh/m
2
 per year.  These statistics 

for Bolivia as a whole are consistent with the numbers for Papachacra as seen in the solar map in 

Figure A10. below and were used in sizing the chosen pump.  
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Figure A10. Solar map showing Papachacra, Bolivia 

 

 

As can be seen below in Figure A1 with an irradiation of 7.5 kWh/m
2
/day , as is provided in the 

months of May, June, and July, the pump will be able to provide a higher flow rate. 
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Appendix B 

 

1.0      Spring Box System Design and Drawings 

 

Background 

 

The spring source is located in an elevated and wooded area southeast of the village center. 

Water quality at the collection point has been tested and it has been confirmed to be a safe source 

of potable water. Water quality data is located in Appendix L. EWB-Purdue will be constructing 

a spring box at the source of the emerging water. The spring box will protect the source from 

contaminants and allow the clean spring water to be supplied to the community. 

 

Site Preparation 

 

The spring area will be excavated until flow is evidently concentrated from a single vein 

augmenting the spring, also known as the eye of the spring. Collecting solely from the eye will 

reduce or eliminate the amount of water lost to the surrounded area. For the sake of finding the 

eye of the spring, a temporary drainage ditch will also be dug to keep the excavated area free of 

water. As one digs, certain veins will weaken until a concentrated vein is established. This final 

concentrated vein is the eye of the spring.  With the assumption that the friction angle of the soil 

is 35 degree, the vertical slope of excavation of the construction area should not exceed 62.5 

degree from the horizontal axis. 

 

Once the eye is located and isolated, the site will be excavated down to the impermeable layer of 

clay or rock. The depth of the impermeable layer may vary. If the layer is not reached within 1.5 

meters of excavation, an artificial impermeable layer will be created by pouring a concrete floor. 

This bottom impervious layer will act as a waterproof foundation, preventing water from 

draining under the spring box. After the impervious layer has been reached or created, the walls 

of the primary filter and capture chamber will be put into place by building wooden forms and 

placing the tied rebar into the form. Once the rebar is in place, the concrete will be poured into 

the supported wooden forms. A local mason will be hired to perform all concrete work. The 

capture area will be backfilled with cleaned rocks purchased in Tarija. The floor and walls of the 

storage chamber will be formed in a similar fashion using wooden forms and rebar. 

 

Design & Principles of Spring Box Mechanism 

 

Since the spring box is located directly at the source of groundwater, the need for intensive 

filtration will not be necessary. The spring box in Figure B1 contains the proposed dimensions. 

The actual sizing of the box and excavated area will be determined by local conditions and may 

vary. This is necessary due to the variability of spring size and eye location. An effort will be 

made to meet the proposed dimensions. 

 

Once the spring box is in place, the water will filter through the aggregate in the primary 

filtration and capture area and then enter the storage chamber through perforated tile drain 
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piping. The tile drain piping will be equipped with PVC ball valves on the storage chamber side. 

This allows flow into the storage chamber to be paused in the case of pump and chamber 

maintenance. The gravel in the filtration and capture chamber is locally available and will be 

purchased to meet proper size distribution. The gravel should not exceed 1” in diameter. Water 

will be pumped from the storage chamber and added to the village’s water supply. The storage 

chamber will house an overflow pipe that will allow excess water to drain. The overflow pipe 

will include a mesh screen to prevent insects or animals from entering the spring box. It will also 

drain onto a concrete pad to prevent erosion of the spring box site. An additional pipe and valve 

will be located at the bottom of the spring box. This valve can be opened while the three 

collection pipes are closed to drain the storage chamber and allow for maintenance. All 

collection, overflow pipes, and drainage pipes will be PVC.  A permanent diversion ditch will be 

constructed approximately 10 feet above the spring box. This is in place to protect the spring box 

site from storm water and any potentially carried contaminates.  

 

Design & Principle of Spring Box Structure 

 

The design and construction method of the spring box is according to the ACI 318-11 code.  The 

moment acting against the wall of the spring box is determined from the earth lateral pressure 

and the end supports of the wall.  The soil surrounding the site is assumed to be well-graded 

dense sand with specific weight of 116 lb/ft
3
 and friction angle of 35 degrees.  In order to 

maximize the effective horizontal stress of the soil, the groundwater table is assumed to be below 

the bottom slab.  The loading from the earth is also considered to be dead load for the LRFD 

factoring equation.   

 

The clear cover of the entire spring box except for the top slab is required to be at least 3 inches 

since the structure is permanently exposed to earth.  The reinforcing bar size #3 will be used for 

the structure.  The bearing capacity of the spring box site was calculated to be able to support the 

structure sufficiently, therefore the bottom slab will be continuously and laterally supported, and 

will be constructed as plain concrete structure with 2 layers of #3 rebar mesh to prevent cracking.  

See the design details and drawing in Figure B1. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



Document 525 - Pre-Implementation Report  

Purdue University 

Papachacra, Bolivia 

Improvement of Potable Water Supply 

 

Page 40 of 83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 



Document 525 - Pre-Implementation Report  

Purdue University 

Papachacra, Bolivia 

Improvement of Potable Water Supply 

 

Page 41 of 83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure B1. Spring box drawing 
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Figure B2.  Formwork for spring box 
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Figure B3. Formwork for spring box detailed 
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2.0      Spring Box System Calculations 

 

* See fill calculations in section 2 of Appendix A 
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Appendix C 

 

1.0      Tank and Valve System and Drawings 

 

Tank System Description 

 

A Y-joint will connect the existing pipeline with a pipe to the new storage tanks.  A 1.5 inch-

diameter ball valve will be installed immediately following the joint.  The original pipeline will 

be completely closed off with the valve and divert the flow into the tanks.  A 1.5 inch-diameter 

globe valve will regulate the flow from the pipeline to decrease or eliminate the amount of water 

being shared between other zones and Zone 3.  There will be 3 tanks connected to the inlet pipes 

from the existing storage tanks and the Tree Spring.  The water from both the Tree Spring and 

the original system will enter at the top of the tanks.  Then, an outlet from each tank will exit at 

the bottom and combine into one pipe.  There will also be a ball valve in this pipe to stop the 

flow from the tanks in case that water from the Tree Spring is contaminated.  Then, the pipe will 

rejoin with the existing pipeline via a Y-joint toward Zone 3 carrying all of the water from the 

Tree Spring and some or none of the water from the existing system. 
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Tank Foundation Design 

 

The assumptions of soil type, friction angle, foundation depth and width, and groundwater table 

were made for the foundation design.  The soil is assumed to be well-graded dense sand with 

specific weight of 116 lb/ft
3
 and friction angle of 35 degrees.  The depth and width of the 

foundation is assumed to be 2 ft and 7 ft.  The groundwater table around the site is considered to 

be far below the surface since the area is of high altitude and mainly consists of gravel and sand 

from weathered bedrock.  With the factor of safety of 3, the bearing capacity of the foundation is 

determined to be far exceeding the service load and more than sufficient for the three tanks. 

 

The soil surrounding the tank site has very high bearing capacity with no apparent threat of 

settlement issue.  Therefore, the ground can support the structure without any reinforced concrete 

footing.  Instead of concrete, sand will be used for footing of tanks to reduce cost and 

construction time.  The excavation of the foundation will be approximately 1-2 feet deep and will 

be backfilled with sand to the height of 6 inches above the surface.  The sand will be leveled and 

local stones will be used to construct a retaining structure for the above ground footing. 
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Figure C1. Tank battery schematic 
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Figure C2. Tank function drawing 



Document 525 - Pre-Implementation Report  

Purdue University 

Papachacra, Bolivia 

Improvement of Potable Water Supply 

 

Page 50 of 83 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure C3. Tank to be used for storage system 

 

 

2.0      Tank and Valve System Calculations 

 

Valve Calculation 
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Figure C4. Valve sizing chart 

 

 

Head Loss Calculations 

 

Head loss calculations were done to determine the losses as the water leaves the tank array and 

rejoins the existing system. 

 

First the velocity of the flow out of the tanks was calculated using Bernouli’s Equation as seen 

below. 

 

 
 

 
 

 
 

 
 

 
 

 

Minor head loses caused by bends and divisions in the system. 
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Component Qty. fitting Le/D fT K 

1 1 90˚ Elbow 30 0.019 0.57 

2 1 45˚ Elbow Tee 20 0.019 0.38 

3 2 Standard Tee 20 0.019 0.38 

4 1 Ball Valve 150 0.019 2.85 

5 3 Tank Exit (Inward Projected) NA 0.019 1 

 

 
Minor head loses for each of the component in the pipeline 
 

 

 
 

 
 

 
 

 

 
Total head lost as flow exits the tank array. 
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Tank Area Bearing Capacity:  Terzaghi Method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Document 525 - Pre-Implementation Report  

Purdue University 

Papachacra, Bolivia 

Improvement of Potable Water Supply 

 

Page 54 of 83 

Appendix D 

 

1.0 Pipe System Design and Drawings 

 

The layout of the pipeline can be seen below in the plan view in Figure D1.  The pipe will be laid 

out from the spring box location along the tree line, up the creek bed, and along the road to the 

tanks located at about 20 meters above the Tree Spring.  The overall pipe length will be 280 

meters. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D1. Pipeline Plan View 
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The profile view of the pipeline can be seen below in Figure D2.  The path will have an almost 

constant slope with an average grade of about 7%. 

 

Elevation Change: 20 meters 

Length of Pipeline:  280 meters 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure D2.  Pipeline Profile View 
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Figure D3. Pipeline layout with fitting positions 
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2.0 Pipe System Calculations 

 

 

Head Loss Calculations 

 

Head losses were estimated using the chart provided with the pump manual seen in Figure D3 

below.  A box is drawn around the value to be used in the calculation.  This is chosen because 

the outlet of the pipe we will use is 1-1/4” and the flow rate is 10.42 L/min thus 0.2 m/100m of 

pipe is a conservative estimate. 

 

 

Major head loses incurred due to friction between the water and the inner pipe wall found using 

Figure D3 below. 

 

 
 

Minor head loses caused by bends and divisions in the system. 
 

 
 

 
 

Component Qty. fitting Le/D fT K 

1 4 90˚ Elbow 30 0.22 0.66 

2 2 45˚ Elbow 16 0.22 0.352 

3 2 Standard Tee 20 0.22 0.44 
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Flow rate and velocity of water in pipe 

 

   

 

      

 

                                                               

 
Minor head loses for each of the component in the pipeline 
 

 
 

 

 
 

 
 

 

Total head lost for the pipeline from outlet of pump to inlet of tank array. 
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Figure D4. Head loss chart 
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Appendix E 

 

Overview of Current system and Phase I changes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure E1.  Schematic of Phase I system 
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Basic Phase I Plan of Action 

1. Increase capacity of F.P.S spring box           by raising the overflow pipe to allow the box 

to hold more water. 

 

2. Construct spring box at tree spring           with overflow and valves to allow flow to be 

used for irrigation in rainy season. 

 

3. Add additional storage           downstream of the system’s current storage tanks  

 

4. Add submersible pump to spring box  

 

5. Add solar panels to power pump system 

 

6. Connect piping system between             and  

 

Note: These actions are in order of priority.  Items not finished during our implementation trip 

will be finished by the community through the guidance of EIA 
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Appendix F 

 

 
 

EWB + EIA + VILLAGERS 
MAJORITY DONE BY HIRED ENGINEER (IVAN DE CASTELLO) 

MAJORITY DONE BY HIRED MASON 
MAJORITY DONE BY VILLAGERS 
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Appendix G 

 

Current Flow Demands 

 

 
 

 
 

 
 

 
 

 
 

 
 

*These numbers are based off of the most current information regarding water usage and 

community size.   

 

 

Future Flow Demands (in 5 to 10 years) 

 

 
 

 
 

 
 

 
 

 
 

 
 

* These numbers are based off of estimates of future growth as well as the assumption that flush 

toilets are installed by all members of the community with an additional consumption of 40 

L/person/day. 
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Appendix H 

 

General Map of the Area and the Existing System 
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Area Overlook (Downstream orientation) 

 
 

Existing System (Upstream orientation) 
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Appendix I 
Table G1. EWB-Purdue Cost Estimate 

Pump System  

Item Description Qty Units Unit Price Total Price 

1 Lorentz helical rotor submersible pump 1 EA $2,000.00 $2,000.00 

2 250 Watt Solar panel 2 EA $500.00 $1,000.00 

3 Float Switch 2 EA $50.00 $100.00 

4 Pump Controller 1 EA $500.00 $500.00 

5 Solar Panel Stand 1 EA $500.00 $500.00 

6 12 VDC 75 Ah Batteries 3 EA $200.00 $600.00 

7 Wire (500 M spool) 1 EA $55.71 $55.71 

8 Tools and Equipment 1 LS $300.00 $300.00 

 

   

Total $4,755.71 

      

 

                       Spring Box/Pipe/Tanks/Pump House          

Item Description Qty Units Unit Price Total Price 

9 Bags of Cement (50 Kg unit weight) 50 EA $7.90 $395.00 

10 Aggregate 8 CM $17.86 $142.88 

11 Sand 3 CM $5.70 $17.10 

12 Forms/Molds 1 LS $100.00 $100.00 

13 1-1/4" PVC Pipe 60 6 m pipe $13.10 $786.00 

14 1-1/4" PVC elbow 5 EA $0.40 $2.00 

15 1-1/4" PVC T-junction 3 EA $0.40 $1.20 

16 2" PVC Pipe 10 6 m pipe $13.90 $139.00 

17 2" PVC elbow 5 EA $0.60 $3.00 

18 2" PVC T-junction 5 EA $0.60 $3.00 

19 2" PVC Y-junction 3 EA $0.60 $1.80 

20 2" PVC Ball valve 4 EA $24.00 $96.00 

21 2" Globe valve 1 EA $100.00 $100.00 

22 5000 L Tanks 3 EA $1,000.00 $3,000.00 

23 Concrete Blocks (standard 8"x 16" blocks) 40 EA $1.10 $44.00 

24 Wood (sheets and boards) 1 LS $100.00 $100.00 

25 Reinforcing Rod 4 12 m length $10.13 $40.52 

26 Drain tile 1 roll $40.00 $40.00 

27 Paint  3 cans $50.00 $150.00 

28 

Tools, Equipment,Fasteners and Material 

Transportation 1 LS $2,000.00 $2,000.00 

    

Total $7,161.50 

      

    

Total $11,917.21 
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Tools listed below are part of Items 8 and 28above 

    Item Description Qty Units Unit Price Total Price 

29 Shovel 
           

6  
EA  $       5.00  $30.00  

30 Pickaxe 
           

6  
EA  $       5.00  $30.00  

31 Trowel 
           

5  
EA  $       5.00  $25.00  

32 Rebar Bending Jig 
           

1  
EA  $    10.00  $10.00  

33 Wheelbarrow 
           

2  
EA  $    10.00  $20.00  
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Appendix J 

 

 

MEMORANDUM OF UNDERSTANDING (MOU)                  
 

Between 

 

Purdue Chapter of Engineers Without Borders (“Purdue Chapter”) 

And 

The People of Papachacra, Bolivia  

 

1.1: Purpose & Structure 

 

The purpose of this MOU is to clearly identify the roles and responsibilities of each party as they 

relate to the development of the water collection and distribution system of Papachacra, Bolivia. 

It is indispensable for this project’s success that both parties agree and understand the following 

conditions under which this project will be developed. It should be understood by both parties 

that they both hold integral parts in influencing and shaping the improvement of the water 

collection and distribution system in Papachacra. Unless Papachacra disagrees with or would like 

to change any aspect of the project, EWB-Purdue will be proceeding with the work outlined 

within this MOU.  If The People of Papachacra do not fulfill their responsibilities, the project 

will be subject to termination by EWB-Purdue.  

 

This MOU will be structured in sections describing the distribution of responsibilities associated 

with several aspects of the Project.  

 

This Project aims to develop and implement an improved water collection and distribution 

system in the village of Papachacra, Bolivia. The purpose of this project is to collect and 

distribute water gathered from the Tree Spring located in Papachacra, Bolivia in a responsible 

and sustainable manner. This is done to improve water availability during months of drought. It 

is understood that the Project will be completed in a maximum of 10 days. 

 

 

2. Organization 

 

2.1 Engineers Without Borders-Purdue Chapter 

 

EWB-Purdue Chapter is one of more than 300 chapters of EWB-USA.  EWB-USA is dedicated 

to providing engineering solutions to communities around the world to improve their qualities of 

living. The projects that the organization are involved with include basic water infrastructure, 

school, sanitation, energy infrastructure, agricultural infrastructure and other issues that are 

essential to the quality of life of people. EWB-USA is a non-profit organization created upon the 

collaboration of professional engineers, engineering students and volunteers.  The members 
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provide engineering solutions to the communities in need through the cooperation between the 

organization and the communities. 

In order to allow EWB-USA and its chapters to successfully carry out each project, the 

understanding and collaboration between the two parties are required to be addressed. Therefore, 

it asks that communities provide some sort of support for the requested project.  This can take 

many forms, from providing money or labor during implementation to housing for volunteers or 

providing materials for the project. 

 

2.2 Papachacra, Bolivia 

 

Papachacra is a community in the Tarija Department of Bolivia.  The community is situated in 

the mountainous, southern region of Bolivia.  The economy of the community is mainly 

agricultural with a population consisting of about 120 families.  The community has been 

experiencing a shortage of water supply for both irrigation and consumption purposes for a 

period of time.  The aging infrastructure and outdated system does not have the capacity to 

sufficiently supply water to the population at the current level specifically during the dry season.  

The community’s current demand of approximately 37,000 liters per day is being undersupplied 

by 9,000 liters per day from the current system.  Therefore, the EWB-Purdue chapter is aiming to 

increase the supply by 17,000 liters per day from the new water source in order to fulfill the 

current and future demand of the community. 

 

 

3. Project Outline 

 

3.0 EWB-Purdue chapter shall design potable water supply system improvements for the 

community of Papachacra based on existing system parameters and data. 

 

3.1 EWB-Purdue chapter shall oversee construction of the water system in-person. 

 

3.2 EWB-Purdue chapter shall fundraise for the project, except for maintenance and operations 

costs that will be provided by the community for sustained system operation. 

 

3.3 EWB-Purdue chapter shall provide the community with a construction schedule, including a 

specific requested amount of volunteer labor. 

 

3.4 EWB-Purdue chapter shall provide training in operation and maintenance practices for the 

new facilities constructed during Phase I of the project. This shall include the water storage 

tanks, collection box, pump and any appurtenances necessary for sustained operation. 

 

3.5 EWB-Purdue chapter shall provide an operation and maintenance manual and training for the 

installed system. 

 

3.6 EWB-Purdue chapter shall provide hygiene and sanitation education sessions for children 

and the community. 
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3.7 EWB-Purdue chapter shall provide an information session regarding water conservation for 

the community. 

 

3.8 EWB-Purdue chapter will provide guidance in addition to other sources over arising issues 

associating with the project or when such assistance is needed by the community. 

 

Papachacra: 

 

3.9 The community of Papachacra shall manage and operate the installed system. 

 

3.10 The community of Papachacra shall require that at least one permanent person/committee to 

oversee the installed system. 

 

3.11 The service provided by the installed improvement system shall have no additional fees for 

water service unless other conclusions can be reached by the community. 

 

3.12 The community of Papachacra shall secure valuable devices such as the solar panels and the 

pump from theft and vandalism. 

 

3.13 The community of Papachacra shall oversee the Tree Spring and the immediate area 

surrounding it to eliminate possible future contamination. 

 

3.14 The community of Papachacra shall conduct maintenance checks and inspection of the 

installed system and water source on a weekly basis to assure optimal system operation. 

 

3.15 The community of Papachacra shall contact the EWB-Purdue chapter in case of system 

malfunction and critical technical issues. 

 

3.16 The installed system and the Tree Spring is public property and property entitled to the 

community of Papachacra. 

 

4. Work Arrangements 

 

4.0 EWB-Purdue chapter will work with the community of Papachacra to dig trenches and lay 

the pipeline for the water system for a total 416 man-hours each. 

 

4.1 EWB-Purdue chapter will work with the community of Papachacra to prepare the spring box 

site, place formwork and rebar, and pour concrete for the collection box for a total of 176 man-

hours each. 

 

4.2 EWB-Purdue chapter will work with the community of Papachacra to install a centrifugal 

pump system include the pump and all required connections within a secure pump house for a 

total of 36 man-hours each. 
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4.3 EWB-Purdue chapter will work with the community of Papachacra to install the solar panel 

and required system of mounting devices with a support base for a total of 46 man-hours each. 

 

4.4 EWB-Purdue chapter will work with the community of Papachacra to wire the systems to 

transfer  electrical power from the panels to the batteries and the pump including all required 

devices for a total of 16 man-hours each.   

 

4.5 EWB-Purdue chapter will work with the community of Papachacra to install the HDPE 

Phase 1 storage tanks including the foundation as well as the required PVC connections for a 

total of 96 man-hours each. 

 

4.6 EWB-Purdue chapter will work with the community of Papachacra to make modifications to 

the existing mountain spring box including but not limited to adjusting the height of the over 

flow pipe and verifying that the change provided the desired results for a total of 76 man-hours 

each. 

 

 

Signatures of EWB Representatives for the Project: 

 

1. ____________________________ 

 

2. ____________________________ 

 

Signatures of Papachacra Representatives for the Project: 

 

1. _____________________________ 

 

2. _____________________________ 
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Appendix K 

Project Labor Hours 
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Appendix L 

Best Operation Practices and Maintenance for Phase I System 

 

The solar pump that will be installed by the EWB team is being installed primarily to provide 

sufficient water to the community during the arid months of the dry season experienced in 

Papachacra. Because of this, the pump will be operated exclusively during the dry season when 

water is scarce. The operation of the pump, as well as regular inspection and maintenance, will 

be performed by the Water Committee. 

 

The Water Committee is a group of individuals from Papachacra who have received professional 

training in water systems and have experience with the current water system as well as 

experience cooperating with the community. Currently this committee has the responsibility of 

allocating water to individual parts of Papachacra, ensuring that all members have at least some 

regular access to water. The Water Committee will receive the task of maintaining and operating 

the solar pump that will be integrated into the existing water system. Before the EWB team 

leaves Papachacra, members will ensure that the Water Committee has a thorough understanding 

of the solar pump and its operation. 

 

Additionally, the Water Committee will be given access to a complete copy of the solar pump 

manual in Spanish so that they have a resource to refresh their understanding of the system and 

how it operates. In the case that the Water Committee would encounter an extraneous situation 

outside the scope of their training and not contained within the manual, Ivan Castillo, a 

professional engineer with abundant experience with water systems, may be contacted. 

Considering the multiple resources offered to the Water Committee to maintain the pump and its 

components, we are confident that they will be able to effectively operate the system and 

implement any necessary reparations. 

 

The Water Committee’s operation of the pump will consist of manually turning on and off the 

pump as required to obtain the desired amount of flow. In order to ensure that the system runs 

effectively for as long as reasonably possible, regular inspections will be performed. These 

inspections involve a close inspection of all electrical and mechanical aspects of the pump, so as 

to ensure that the pump is being operated under optimal conditions. The specific elements of the 

pump that are necessary to monitor carefully are laid out within the product manual. This portion 

of the manual provides a description of the parts most liable to be a cause for failure within the 

system, as well as an explanation as to why these parts require more careful attention. In the case 

of a failure in the system, the manual provides an extensive troubleshooting algorithm that the 

Water Committee can readily implement to identify the problem. 

 

Once the problem has been identified, the Water Committee will perform any and all reparations 

that are required for the system to resume operation. Although the training that the Water 

Committee has received seems to ensure that they will be capable of performing this 

responsibility, the community of Papachacra will be able to contact Ivan Castillo, as well as 

EWB, to receive outside help in repairing the system. We believe that this wide range of 
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resources that we are providing the Water committee will properly equip them to undertake the 

task of operating the solar pump for the benefit of Papachacra as a whole. 
 

Excerpt from solar pump manual showing the troubleshooting method: 
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Excerpt from solar pump manual showing maintenance procedures: 
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Appendix M 

Water Testing Data 
Location Nitrates 

ppm 

Nitrites 

ppm 

Hardness 

grain/gal 

Ph Total Chlorine 

ppm 

Free Chlorine 

ppm 

CARE 0 0 0 6.8 0.5 0 

FPS 0 0 0 7.0 0 0 

NO.3 0 0 0 6.7 0 0 

Tree Spring 0 0 50 6.8 0 0 
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Appendix N 

Bolivian Water Quality Standards 
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