
 

   
 

 

Document 523 

ALTERNATIVES ANALYSIS REPORT 

 

CHAPTER:  University of Minnesota 

COUNTRY:  Guatemala 

COMMUNITY:  Agua Caliente 

PROJECT:  Expanding Agricultural Opportunities 

 
 

 

   

 

 
 

PREPARED BY 

Isaac Murphy 

Rebecca Herron 

Kim Haglund 

Nick Bodette 

Jacob French 

 

10/13/2013 

 

 

 

ENGINEERS WITHOUT BORDERS-USA 

www.ewb-usa.org



523 – Alternatives Analysis Revised 09/17/2013 

University of Minnesota 

Agua Caliente, Guatemala 

Expanding Agricultural Opportunities 

   

© 2012 Engineers Without Borders USA. All Rights Reserved Page 2 of 39 

 

Table of Contents 
Report Part 1 – Administrative Information  ...................................................................................4 

1.0 Contact Information ...................................................................................................................4 

2.0 Travel History  ...........................................................................................................................5 

4.0 Project Location .........................................................................................................................7 

Report Part 2 – Technical Information .............................................................................................8 

1.0 Executive Summary ...................................................................................................................8 

2.0 Introduction ................................................................................................................................8 

3.0 Program Background .................................................................................................................8 

3.1 Project Partners ......................................................................................................................9 

3.2 Community Description .........................................................................................................9 

3.3 Community Priorities .............................................................................................................9 

3.4 Water Sources ......................................................................................................................10 

3.5 Community Relations ..........................................................................................................10 

4.0 Project Description................................................................................................................... 11 

5.0 Description of Comparison Methodology  .............................................................................. 11 

6.0 Description of Alternatives ......................................................................................................12 

6.1 Improve Ram Pump Power and Efficiency .........................................................................12 

6.2 Replace Sprinklers with Micro-Irrigation Systems ..............................................................13 

6.3 Adding Storage Tanks to the System ...................................................................................13 

7.0 Analysis of Alternatives ...........................................................................................................13 

7.1 Improve ram pump power and efficiency ............................................................................13 

7.2 Add Water Storage Tanks .....................................................................................................14 

7.3 Replace sprinklers with micro-irrigation systems................................................................14 

8.0 Description of Preferred Alternative ........................................................................................15 

9.0 Professional Mentor Assessment .............................................................................................15 

9.1 Professional Mentor Name (who wrote the assessment) .....................................................16 

9.2 Professional Mentor Assessment .........................................................................................16 

9.3 Professional Mentor Affirmation .........................................................................................16 

10.0 Appendices .............................................................................................................................16 

Appendix A – Aerial View of Agua Caliente .............................................................................17 



523 – Alternatives Analysis Revised 09/17/2013 

University of Minnesota 

Agua Caliente, Guatemala 

Expanding Agricultural Opportunities 

   

© 2012 Engineers Without Borders USA. All Rights Reserved Page 3 of 39 

Appendix B – Topographic Map of Agua Caliente ....................................................................17 

Appendix C – Pictures and Drawings of Dams .........................................................................17 

Appendix D – Micro-irrigation and Rotoplast Tanks ................................................................19 

Appendix E – Existing Ram Pumps ..........................................................................................20 

Appendix F – Ram Pump Model ...............................................................................................20 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



523 – Alternatives Analysis Revised 09/17/2013 

University of Minnesota 

Agua Caliente, Guatemala 

Expanding Agricultural Opportunities 

   

© 2012 Engineers Without Borders USA. All Rights Reserved Page 4 of 39 

Report Part 1 – Administrative Information  
 

1.0 Contact Information 
 

 Name Email Phone Chapter 
Project Lead Jacob French frenc248@umn.edu (314) 629-5100 UMN 
Project Lead Rebecca 

Herron  

herro084@umn.edu (319) 431-5517 UMN 

Ram Pump Lead Nick Bodette bode0146@umn.edu (651) 295-7032 UMN 
President Kelly Stifter stift032@umn.edu (651) 328-1937 UMN 
Mentor #1 Kevin Miller kevin.g.miller@urs.com (612) 644-1170 MN 
Mentor #2 Jed Greenwood jgreenwood@barr.com  (763) 263-6650 MN 
Faculty Advisor  Tim LaPara lapar001@umn.edu (612) 624-6028 UMN 
Health and Safety 

Officer 

Brian 

Anderson 

and01106@umn.edu (507) 696-3452 UMN 

Health and Safety 

Officer 
Rachel 

Orlovsky 

orlov006@umn.edu (262) 498-8413 UMN 

Assistant Health and 

Safety Officer 
Alex Motley motle016@umn.edu (314) 704-9058 UMN 

NGO/Community 

Contact 

Elizabeth 

Howland 

orlando624@yahoo.com 01150249328889 Long Way Home 

 
 

2.0 Travel History  
 
Dates of 

Travel 

Assessment or 

Implementation 

Description of Trip 

August 10-

23 

2011 

Assessment Met with representatives from the APROMAC within the community. 

Discussed the existing design and use of current Irrigation Dams and ram 

pumps, as well as their future goals for the system.  Introduced them to EWB 

mission and process and confirmed their desire to form a partnership. 

Additionally, performed preliminary analysis of the Irrigation Dam integrity 

and surrounding soil quality. 
March 10-

19 

 2012 

Assessment Met again with the APROMAC and established the foundation for further 

assessment with objectives to strengthen water distribution and storage 

infrastructure as determined feasible.  The focus of interaction was strictly to 

discuss possibilities.  Irrigation Dam measurements and benchmarks were 

taken for each of five Irrigation Dams.  GPS readings were taken over various 

locations to create geographical survey of the land.  Community surveys were 

conducted from members of the Irrigation Dam association and community 

members who were as of yet unaffiliated. 
August 17 

– 27 

2012 

 

Assessment Met again with the APROMAC and signed an MOU for second assessment.  

Data collection from the March 2012 assessment was continued with GPS 

surveys, land surveys, community surveys, water testing, soil testing, and 

hydrologic measurements.  Much work was done on the land surrounding the 

third Dam due to the possibility of collapse of the Dam.   
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3.0 Project Discipline    
 

 

Water Supply 
____ Source Development 

____ Water Storage 

__x__ Water Distribution 

____ 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 
__x_ Irrigation Pump 

__x_ Irrigation Line 

__x_ Water Storage 

____ Soil Improvement 

____ Fish Farm 

____ Crop Processing Equipment 

 

Information Systems 
____ Computer Service

 

4.0 Project Location 
 

Agua Caliente Community Center:  
Longitude: 14°48’18.76” 

Latitude: 90°51’71.23” 
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Report Part 2 – Technical Information 
 

1.0 Executive Summary 
 

Expanding Agricultural Opportunities is an ongoing structural and mechanical project by the 

University of Minnesota Engineers Without Borders Chapter (EWB-USA UMN).  It is based on 

an existing agricultural water system originally designed by the community of Agua Caliente, 

which consists of a series of five dams that vary in size, design, and structural stability.  Installed 

on each of the dams are several ram pumps that deliver water to agricultural fields at elevations 

above the river that flows next to the community.  This enables the community to grow crops in 

the dry season, increasing their yield and profit.  This allows their children to go to school longer, 

it improves the nutrition of the town, and it improves the economy of the community and 

surrounding area because the farmers with ram pumps hire outside workers to tend their fields in 

the dry season.  The community reached out to EWB-USA UMN in order to reinforce and 

improve the system, which is quickly falling apart because of lack of structural knowledge and 

experience.  One of the dams (Dam 1) was designed by a local engineer, and each subsequent 

dam is based on its design.  The rams were developed by the community based on an 

encyclopedia entry on Persian pumps.  Because everything was originally built by the 

community, we know they have invested significantly in the system already.  It is extremely 

important to them that their livelihood be protected. 

The overall goal of this project is to improve the entire agricultural water distribution system.  

For our first implementation in the community we completed a repair of the dam in the most 

critical condition, Dam 3.  We now turn our focus towards the ram pumps, which are a perfect 

choice of technology for the community situation, but were not designed as efficiently as 

possible because of lack of knowledge and limited resources.  Our primary goal for the next 

implementation is to educate the community about how to make their pumps provide water at 

higher elevations or farther distances. Due to the importance of the dams in relation to the entire 

system, our group determined the most crucial implementation of the system was to ensure that 

the dams will not fail in the near future.  Post-implementation we hope now to not just protect 

the community’s original investment in the system, but to enhance and expand it.   

The community of Agua Caliente has invested a large amount of money to construct the system 

and was worried that their investment would go to waste with the degradation of the dams.  They 

consistently desire to try new things to improve their quality of living, including but not limited 

to: a fish farm, different types of pumps, water storage tanks, a potable drinking water system 

with chlorine, an internet connection, and most importantly, the blackberry co-op.  Our NGO, 

Long Way Home, has a long-standing relationship with Agua Caliente, and helped us with 

communication with the community. After a first, mostly successful implementation with the 

community we are excited to bring down a different type of implementation entirely: one that 

requires less muscle and more teaching and interaction with the community.  
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Over the dam design process, we kept up with the proposed monthly calls with Long Way Home 

and the community of Agua Caliente, checking in on materials, fundraising, and plans.  Our 

group wrote and signed a second MOU before the beginning of implementation that covered the 

rest of materials acquisition, labor for building, and monetary responsibility.  Despite a minor 

setback in the implementation, the last bit of concrete was poured the day after the team’s 

departure, and riprap is currently being placed.  We consider this just a step in the ongoing 

relationship we hope to have with the community and neighboring communities, and would like 

to keep the momentum going.   

 

2.0 Introduction 

 

Since August 2011, EWB-USA UMN has been working in the community of Agua Caliente to 

improve a deteriorating agricultural water system, which has been functioning since 1990.  The 

system is operated by a local farming cooperative called APROMAC and consists of 42 ram 

pumps and five dams, as well as a handful of fields which contain water storage tanks and micro-

irrigation pipes.  EWB-USA UMN has been working closely with APROMAC and our NGO, 

Long Way Home, to determine the best way to improve the system.  In March and August 2012 

it was determined that Dam 3 was in critical need of reinforcement or it would soon fail.  This 

was EWB-UMN’s third implementation in the area, and first implementation in the community.  

Our next implementation we hope will have a more widespread impact on the system since the 

last one was helping a specific cohort of the community.  We hope to do other implementations 

either in Agua Caliente or the surrounding area to keep the relationship with the community and 

continue improving the system.  

The current system allows farmers to grow crops during the normally unproductive dry season.  

Before, many farmers had to travel to the coast or other regions of the country to find work 

during the dry season; now, they are able to find work within the community year-round.  This 

has allowed what once was subsistence farming to turn into a commercial venture.  Currently, the 

APROMAC has invested the most in the system (Q7000 per pump, Q200,000 per dam) and is 

therefore the greatest beneficiary to any improvements done to it.  However, expanding the 

system will extend benefits to the rest of the community.  Beyond this, there are several people in 

the community who would like to utilize the system but are unable because their crops are too far 

from the water source for the current pump capacity.  By increasing the output specs of the ram 

pump design, we hope to be able to allow other farmers to join the system that were not able to at 

the time of its creation.   

A satellite photo of Agua Caliente is included in Appendix 1, and a topographic map is included 

in Appendix 2.  The topographic map includes an outline of the water basin that feeds into Patzá 

(a feeding spring) and the Rio Agua Caliente (the river the dams are on). 

This report contains three options our group seriously considered for the next implementation in 

Agua Caliente.  Despite the importance in all three on the success of the agricultural system, we 

feel that the ram pump improvement project really fits the EWB mission and provides the 
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greatest potential for system expansion.  This report contains three methods by which the system 

can be improved and the methodology by which EWB-USA UMN chose one of the three 

methods to implement.  The methods were arrived at by analyzing the system during two 

assessment trips, by community surveys, and by discussions with the APROMAC and Long Way 

Home.  It was decided early on that the primary focus of EWB-USA UMN was to be on the 

irrigation system and not on other projects, such as a water purification system or a tilapia fish 

pond, due to the central importance of the irrigation system. 

The three methods are: 

1. Improve ram pump power and efficiency. 

2. Replace sprinklers with micro-irrigation systems.  

3. Provide farmers water storage tanks for watering crops. 

3.0 Program Background 

 

The University of Minnesota has worked in the Comalapa/San Juan region since 2006.  During 

this time two implementation projects have occurred (a spring box and pump in Chimiya, and a 

rain water harvesting system (RWHS) in Simajhuleu).  In August 2011 we visited a new 

community, Agua Caliente, to meet with community members and gather preliminary assessment 

data.    

 

3.1 Project Partners 
 

Long Way Home (LWH).  “LWH is a non-profit organization which uses sustainable design and 

materials to construct a self-sufficient school that promote education, employment and 

environmental stewardship”, and is based out of Comalapa, Guatemala.  EWB-USA UMN has 

been partnered with LWH for several years and has worked with them to install a spring box and 

pump in Chimiya, a rainwater harvesting system in Simajuleiu, and most recently a dam repair in 

Agua Caliente.  They have continued to work with us as translators, planners, and advisors 

throughout the Agua Caliente project. 

 

Asociacion de Desarrollo Integral de Productores de Mora Agua Caliente (APROMAC).  The 

APROMAC is a farming cooperative that has funded the irrigation dam and ram pump system 

that is located on the stream leading from Patzá.  They are forward-thinking and community-

minded, and have shown a lot of interest in working with EWB-USA UMN.  Although they 

already have an irrigation water system, much of it was designed without the aid of engineers 

and is quickly falling apart, thereby causing erosion and becoming a danger to their investment 

and lifestyle. 

 

COCODE.  The COCODE is the official local leadership board which oversees the community, 

including the chlorinated drinking water system of Agua Caliente.  Some members of the 
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COCODE are also members of the APROMAC, and both groups seem interested in working 

with EWB-USA UMN to improve their irrigation system.  Though EWB-USA UMN is not 

working in direct relationship with the COCODE authorities, the president of the COCODE is a 

member of the APROMAC and we continue to listen to COCODE members for suggestions or 

community-wide goals. 

 

EWB-USA MN Professional Group.  Once every three months during 2013, the EWB-USA MN 

Professional group will attend a EWB-USA UMN project meeting and will offer assistance to 

our designs and methodology.  The EWB-USA MN Professional group will also provide 

mentorship to our group and will act as a reference for structural designs.  EWB-USA UMN has 

a very strong relationship with this group. 

 

3.2 Community Description 
 

Agua Caliente is composed of 200 families and is located on the Rio Agua Caliente.  The total 

population of the community is estimated to be around 1400 people, which averages around 

seven people per family.  There are two schools, a basic school and a middle school, but no 

health clinic or market.  For trade or for serious medical problems they go to the neighboring 

villages of Simajhuleu or Poaquil, and if necessary, to the city of Comalapa.  Their political 

system is typical of others in the area and is composed of an Alcaldes and a COCODE. 

 

Twenty years ago the community used to sell wood and carbon products but, after noticing the 

rate of deforestation, decided to look for a more sustainable source of income. In response, 70 

families organized to create a farming cooperative called the APROMAC, which also helped to 

improve the health of their crops and protect them from larger buyers by selling crops as a group. 

 Since 1990, the APROMAC has successfully installed five irrigation dams, with several ram 

pumps on each dam, in the stream that leads from Patzá.  This enables them to irrigate their crops 

in the dry season and, as an added benefit, creates several agricultural jobs for the community as 

a whole.  They have asked EWB-USA UMN to partner with them to protect the integrity of the 

irrigation dams, to help them to improve and expand the ram pumps, and to possibly add water 

storage for micro-irrigation in the future.   

 

EWB-USA UMN has decided to define the APROMAC as our community and work with them 

apart from the rest of the community of Agua Caliente for several reasons.  First, the members of 

the APROMAC have invested the most time and money into the irrigation system and 

collectively own all of the dams and most of the ram pumps.  Second, the APROMAC has shown 

a lot of interest in working with EWB-USA UMN to improve the quality of the system and is 

willing to provide labor and materials for an implementation.  Third, the APROMAC desires to 

expand the system to include as many families as possible, thus helping the entire community of 

Agua Caliente.   

 

3.3 Community Priorities 
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The APROMAC has invested a substantial amount of time and money into the current irrigation 

system and their top priority is to protect their investment from being degraded or destroyed, 

such as by a heavy rainfall.  Once this prerequisite is met, the APROMAC has expressed interest 

in the following projects, listed in descending order from most important to least important 

(approximately, according to APROMAC leaders during the first two assessment trips): 

 

1. Ensure that the dams will not be destroyed in a high rainfall event. 

2. Replace the current system of sprinklers with water storage tanks and micro-irrigation 

pipes.  This will allow farmers to use less water, which will further allow them to water 

more fields in a day than they are currently capable of or water multiple fields at once. 

3. Add more pumps, and therefore families, to the dams.  This will allow more fields to be 

watered. 

4. Improve ram pump efficiency and pumping power.  This will allow more fields to be 

reached and will shorten the time required to water a field or fill a water storage tank. 

5. Replace the current black rubber hosing that connects the ram pumps to the sprinklers 

with PVC or another, stronger material.  The current range of some pumps is limited 

because the rubber hoses break under pressure, and by switching to PVC more fields will 

gain access to water. 

6. Install a tilapia pond.  This will provide the community with an alternative source of 

meat. 
 

3.4 Water Sources 
 

There are at least two sources of water that the community uses.  One is a hot spring, Patzá, 

which flows into the Rio Agua Caliente, and the other comes from a neighboring stream.  Potable 

drinking water for the community is provided from the neighboring stream and is chlorinated, 

and based upon community feedback the water is perfectly safe to drink.  However, there are 

some community members, especially the elderly, who do not like the taste of the chlorination 

and continue to boil their water before drinking.  The stream that runs from Patzá is used 

primarily as agricultural water, although there have been reports of people swimming, doing 

laundry, and letting animals drink from the stream.   

 

3.5 Community Relations 
 

During the repair and monitoring trip for the rainwater harvesting system in Simajhuleu, the 

community of Agua Caliente learned about our presence in the area and approached Long Way 

Home with interest in working with our group.  EWB-USA UMN took a day trip to Agua 

Caliente during this trip to see the agricultural system for the first time.  We took our first 

assessment full assessment trip in March 2012 to examine the system and meet with leaders from 

the APROMAC and Agua Caliente.  Our primary tasks included: a GPS survey of the 

surrounding area; measurement of ram pump efficiency, flow rate, and power; measurement and 

analysis of the structure of the dams and their stability; measurement of the spring safe yield 

leading from the spring; estimate of the agricultural demand of the community; survey of the 
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types and acreage of crops that are fed by the irrigation system; testing and qualification of water 

and soil at the river and in the fields; conduction of approximately 20 community surveys to gain 

community opinion of the APROMAC and to determine the needs of the community. 

 

From the first assessment trip it became clear that two of the dams, hereafter referred to as Dam 

2 and Dam 3, were in danger of collapse.  To gather more data we took a second assessment trip 

in August 2012.  Our primary tasks included: a more extensive GPS survey of the surrounding 

area; a land survey of the area surrounding the dams, especially Dam 3; conduction of another 25 

community surveys, bringing the total number of community surveys to 45; further water and 

soil testing and qualification, especially around Dam 3; analysis of the hydrologic structure 

surrounding the dams.   

 

Currently, EWB-USA UMN is working towards our second implementation in Agua Caliente.  

The following pages outline the methodology that EWB-USA UMN used to determine the nature 

of our second implementation.   
 

4.0 Project Description 

 

EWB-USA UMN was asked by the APROMAC to help design and construct improvements to 

the current dam irrigation system.  Our goal is threefold: To secure the stability of the dams 

against failure from catastrophic weather events; to increase the efficiency, robustness, 

sustainability, and viability of the system so as to enable the maximum benefit to the community; 

to expand the system to include as many members of the community as possible in a way that is 

sustainable, economical, and fair.  Currently, EWB-USA UMN is working towards our second 

implementation.  The following pages outline the methodology that EWB-USA UMN used to 

determine the nature of our second implementation, increasing the output specs on the ram 

pumps and therefore allowing new people to join the system.  
 

5.0 Description of Comparison Methodology  
 

After the assessment in August 2012, it was evident that repairing Dam 3 was a priority because 

the dams are the foundation of the system. After securing the stability of the dam 3, the natural 

next step was to identify they next limiting factor in the system. Below is the methodology that 

was used to determine which project was to follow the dam implementation.  

1. Technical Feasibility 

a. Technical complexity of designs 

b. Installation and construction standards 

c. Redundancy of new implementation with existing system 

d. Length of time to implement 
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e. System expansion capabilities 

2. Financial Viability 

a. Initial capital required 

b. Ongoing operational & maintenance costs 

c. Operating structure of future payments 

3. Significance to System 

a. Importance to overall system operation 

b. Cost to replace 

c. Cost to repair or redesign 

d. Number of people benefitting 

e. Current investment into component 

4. Sustainability 

a. Longevity of system without the implementation 

b. Longevity of system with the implementation 

c. Environmental effects 

d. Teaching of operators 

5. Correlation with EWB Mission 

The importance and relative weight of each criterion was determined by community desire, EWB 

mission, and our project resources. We consulted with engineering professionals, our NGO, and 

the community and came to a final conclusion. 

6.0 Description of Alternatives 
 
This section describes the three alternative implementation options that have been deemed by 

EWB-USA UMN and the APROMAC to be the most beneficial to the irrigation system in Agua 

Caliente.   

Before continuing, it should be noted that some implementation options suggested by the 

community were excluded from consideration for one of three reasons: they were non-

engineering related problems and therefore out of the scope of EWB-USA UMN, they could be 
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implemented by the community of Agua Caliente and did not require the help of EWB-USA 

UMN, or they did not have to do with the irrigation system.  This excluded options 5 and 6 listed 

in Section 3.3, replacing black rubber tubing with PVC (the APROMAC can achieve this without 

the involvement of EWB-USA UMN) and constructing a tilapia pond (not a part of the irrigation 

system), as well as a water sanitation system (Agua Caliente has an existing system).  However, 

these projects still have the possibility of being considered for future implementations and were 

mainly excluded because they did not have much effect on the stability of the irrigation system.  

6.1 Improve Ram Pump Power and Efficiency 
 

The existing system of ram pumps and delivery hoses was designed by the leader of the 

APROMAC and was based off of designs from a Persian ram pump found in an encyclopedia.  

While the creativity and resourcefulness of the APROMAC is commendable, there are several 

easy repairs to the existing design that could greatly increase either the delivery height or the 

delivery volume, depending on the stroke tuning of the ram.  Our group has decided, based on 

research of hydraulic ram pumps both in use in America and developing countries, that there are 

three main components of the ram that can be altered in order to greatly increase efficiency. 

6.1.1 Drive Pipe 

The length and width of the drive pipe of a hydraulic ram are two of the most important 

considerations.  The width of the drive pipe determines the flow rate of the water based on 

friction and volume, while the length of the drive pipe determines the time the ricochet of the 

water hammer travels up and down the shaft.  The entire mechanism of the ram is driven by the 

water hammer, so this is of primary concern for maximum efficiency.  The general rule for the 

length to width ratio of the drive pipe is between 150 and 1500.  We would like to make sure that 

the drive pipe is the optimum length for the system. 

6.1.2 Waste Valve 

The waste valve drives the water up into the air chamber and ultimately up to some storage tanks 

or fields. At first, the waste valve is held open by some restoring force, typically a spring or its 

own weight. Water flows through the valve, accelerating until it reaches a critical velocity where 

the drag force on the valve stopper overcomes the restoring force. When this occurs, the valve 

closes very quickly bringing the flow of water to an abrupt stop, causing successive expansive 

and compressive pressure waves from the waste valve up the drive pipe and up through the check 

valve, pushing a small amount of water into the air chamber. The waste valve is then allowed to 

open, and the cycle repeats itself. Two very crucial parameters of the waste valve design are the 

restoring force and the distance the valve is allowed to open, called the stroke. A good waste 

valve design should allow for these two parameters to be adjusted. Our current model is a waste 

valve that uses weight as the adjustable restoring force, and allows the stroke to be adjusted by 

setting two jam nuts. This would be a major improvement of the existing waste valve, which uses 

straps of boot rubber to create a spring force as the restoring force.  The boot rubber wears out 

quickly, and is dangerous at such a high tension. Also, there is no way of adjusting the stroke of 

the valve, which is very crucial to the efficiency of the pump.  This is the second improvement 

that would most greatly benefit the system. 
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6.1.3 Check Valve 

The check valve is the other moving part of the system of the hydraulic ram, along with the 

waste valve.  Although its alterations impact the efficiency of the ram much less than the waste 

valve, based on their current design, we would like to make two small changes that would 

drastically effect the part’s energy consumption.  Right now the check valve uses the water’s 

upward force to bend a very thick piece of tire rubber in order to allow water to flow around it.  

The tire piece is bolted tightly to a metal plate with small holes cut into it.  We would like to 

expand the size of the holes, reducing friction, as well as either replace the tire with a more 

malleable rubber, such as boot rubber, or loosen the system so the tire piece lifts when water hits 

it rather than just bending.  This will cause much less energy to be lost at the check valve, 

allowing water to pump higher and with greater efficiency.  

6.2 Replace Sprinklers with Micro-Irrigation Systems 
 
See Appendix 4 for pictures of micro-irrigation lines from Agua Caliente. 

During the dry season there is a limited amount of water for the APROMAC to use to irrigate 

their fields, so the total amount of pumps that can be installed on a dam is limited.  Their current 

method of using sprinklers is inefficient and time consuming; if a farmer has one ram pump, they 

must manually relocate the sprinkler several times a day to water all of their crops. When it gets 

closer to harvest, any crops exported to America cannot be directly touched by their agricultural 

water, so farmers go around with a hose from plant to plant watering just the base. Adding a 

network of micro-irrigation lines would both ease the work of the farmer and avoid getting water 

on the crops, which is prohibited by the exporters that the APROMAC sells to. A few farmers in 

Agua Caliente have installed micro-irrigation systems and have had success with it, proving that 

the technology is acceptable and viable in the community. 

A micro-irrigation project would require limited surveying of the terrain and elevation around 

Agua Caliente as well as careful cooperation with the APROMAC to ensure that the system is 

installed equitably. It would also require a small amount of community education about design 

and use of micro-irrigation and its advantages. Replacing the entire sprinkler system would 

require several miles of micro-irrigation piping which could be reduced by the placement of the 

water storage tanks.   

6.3 Adding Storage Tanks to the System 
 

Water storage tanks would be built in order to maximize the benefit of the irrigation system.  By 

filling multiple tanks in quick succession it would be possible to water multiple fields at once, 

thus increasing the productivity and efficiency of each farmer.  It would also allow for the 

possibility of sharing the pumps since multiple fields could be watered from each tank.  The 

tanks could be constructed of concrete, plaster, or could be made out of a collection of Rotoplast 

tanks connected together (See Appendix 4).   
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Because the pumps run 24/7, this would be a good way of conserving water and stretching the 

capacity of el Rio de Agua Caliente to more users.  Filling large tanks with the unused water 

pumped at night could increase the capacity of the system significantly. 

7.0 Analysis of Alternatives 

 

This section describes the analysis of each alternative in detail, providing a summary of the 

advantage and disadvantage of each.  The analysis was carried out by applying the criteria from 

section 4 to the alternatives presented in section 5 with the intent of discovering which 

alternative to select for our first implementation.  See Table 2 for a summary of the analysis.   

7.1 Improve ram pump power and efficiency 
 

While the physics behind ram pumps is fairly complex, a thorough understanding of the physics 

is not necessarily needed to design and tune a good ram pump.  Because of the relatively small 

scale of this component of the system, we will be able to design and build a replica of Agua 

Caliente’s ram pump design in Minnesota and try new valves on the model.  This allows us to 

test the impact of the changes before we even go implement to teach the community  

7.1.1 Technical Feasibility 
 
Ram pumps are simple in comparison to a structural reinforcement.  The efficiency equations 

and mechanical components are much simpler for a student to grasp and handle without the 

significant help of a professional.  Before any future implementation of the ram pump 

improvements, a model would be built and tested at the university using only materials found in 

Guatemala.  This alternative has a much lower budget and is a more manageable project for 

students.  

7.1.2 Financial Viability 

This is an extremely low cost project based on the way we would perform the implementation.  

Our plan is to write paperwork demonstrating how to improve their existing system rather than 

rebuild all the ram pumps.  During implementation we would hold workshops in order to teach 

the community about the repairs and the improvement to the pumps.  The material cost would be 

less than $4,000 including the model built at home.  The only significant costs would be the 

flights and stay in Guatemala.  For this reason our group thinks that this project is extremely 

viable, and a good project to follow the reinforcement of Dam 3 because it will benefit the whole 

community. 

7.1.3 Significance to System 

These pumps are the working part of the system.  While the irrigation dams create the base of the 

system, the ram pumps provide the water up hills and make it possible to farm commercially in 

this mountainous terrain.  The more powerful the ram pumps, the higher they can pump and the 

more fields and farmers they can provide water for.  The more efficient the ram pumps, the more 

water they can provide per pump, and excess water supply could be stored in tanks, used for drip 

irrigation, or even shared. 
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7.1.4 Sustainability 

Because the plan is a teaching implementation, the sustainability of the project is up to the 

community as far as improvement and maintenance.  We would be available to answer questions, 

fix small problems, or come back during monitoring to fix some situation that was run into, but 

since all the designs would be left within the community, the knowledge would be extremely 

sustainable.   

7.1.5 Correlation with EWB Mission 

This project focuses on using engineering technology that is sustainable in the area around Agua 

Caliente.  It is an improvement of an existing system instead of completely new.  It benefits the 

existing community and allows for possible expansion of the system.  It’s low cost, low risk, and 

high on community interaction.  We believe this project fits the mission of EWB extremely well. 

7.2 Add Water Storage Tanks 

7.2.1 Technical Feasibility 

Installing water storage tanks for most, if not all, of the fields in Agua Caliente would prove to be 

a very daunting task if it were done entirely by EWB-USA UMN.  The idea of several large 

community tanks has been discussed, but thus far, there has been no good solution for equitably 

sharing water supply provided by one or more personal or shared pumps.  The community would 

prefer smaller, private tanks, but this would be an extensive project for our group.  At the very 

least, this project should wait until we determine how far water can be pumped by better 

designed ram pumps. 

7.2.2 Financial Viability 

While community tanks could be financially viable, private tanks could not be unless they were 

primarily funded by the individual.  While a tank large enough to water one field each day would 

cost less than 1000 dollars in materials, constructing several at the same time would become 

costly extremely quickly.  One way to make this alternative financially viable is merely 

suggesting where on someone’s property would be the best location for a tank, which our group 

has considered, and probably will again once we observe the improvements on the ram pumps. 

7.2.3 Significance to System 

Tanks would allow water to be used farther away, save unused water, spread the system further, 

and help farmers water more consistently.  There are several extremely beneficial things about 

having tanks along with the rest of the irrigation system, and EWB UMN will likely revisit the 

topic in the future. 

7.2.4 Sustainability 

For private tanks, each person would be responsible for maintaining their own system, and 

depending on the complexity of the design, could implement repairs with some simple training.  

Community tanks would be the same as far as upkeep, but a maintenance schedule would have to 

be closely followed to make sure the system wasn’t neglected. 
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7.2.5 Correlation with EWB Mission 

Community tanks fit the EWB mission extremely closely because they involve analysis of terrain 

that the Guatemalans can’t perform, they extend the existing system, they are a relatively low 

tech solution, and they conserve water.  This is a project that EWB UMN will revisit in the 

future.  Private tanks would be less in the EWB mission because of the idea that anyone with 

enough money could purchase their own tank.  It’s not a community oriented project, and it 

roughly involves helping the people already best off. 

 

7.3 Replace sprinklers with micro-irrigation systems 

7.3.1 Technical Feasibility 

Micro-irrigation for a developing country can be a wide variety of simple technology.  Several 

wealthier members of the community have already designed their own drip irrigation systems for 

blackberry crops.  Micro-irrigation could be a good companion with water storage tanks, 

however it is important to determine how far water can be pumped before storage tanks are 

implemented. APROMAC could easily be taught to install micro-irrigation in their own fields, 

and most members are already aware of how the technology is designed and utilized.  At the 

moment, the reason why the technology is not more widely used in the community is because of 

the amount of money it takes to purchase enough rubber hose to implement a system on a field.  

Because of this reason, EWB-USA UMN could foreseeably play no part except as overseer.   

7.3.2 Financial Viability 

For irrigation, the initial investment is much smaller per person than for the repair of Dam #3, 

but subsequent costs of expansion and repair would push the total cost past the total cost of the 

repair.  Operational costs would include fixing and replacing micro-irrigation tubing, replacing 

water filters, and repairing water storage tanks. The payment structure for the system would be 

on a person-by-person basis, with each farmer responsible for his own tanks and fields.  For 

tanks used by several people the costs would be paid in a way determined by themselves.   

7.3.3 Significance to System 

The current system of sprinklers is operational and not in direct need of replacement.  Sprinklers 

are used by 10-20% of the community.  Other people in the community use the hose from their 

ram pump and water each plant base by hand from 1 to 5 times a week, depending on the 

farmer’s preference.  Instead, the water storage tank and micro-irrigation system represents a 

substantial improvement to the existing system and allows for more residents of Agua Caliente to 

benefit from the irrigation system.  Replacing the sprinklers is a moderately expensive alternative 

but can be offset by selling the sprinklers once they are replaced.  The cost of repairs should 

remain fairly consistent.  The number of people who would benefit from this system includes the 

entire of village Agua Caliente and surrounding villages who may also install micro-irrigation 

systems with the help of the APROMAC.   

7.3.4 Sustainability 

No known adverse effects of micro-irrigation have been found by EWB-USA UMN.  Instead, 

micro-irrigation increases crop yield and leads to better use of resources, and with adequate 

repairs the system should be operable indefinitely.  The most difficult aspect is teaching members 
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of the APROMAC how to design, install, and repair the system so that they can receive the 

maximum benefit. 

7.3.5 Correlation with EWB Mission 

The technology of micro-irrigation fits the community’s needs perfectly.  It conserves water, 

waters crops effectively, and waters an entire field without the farmer doing it manually.  For it to 

fit in the EWB USA mission, EWB-UMN could demonstrate to the community how to 

implement an irrigation system, but because the primary roadblock to using this technology is 

funding, this is not an appropriate project to implement at this time.   

8.0 Description of Preferred Alternative 
 
This section describes the alternative that EWB-USA UMN selected to implement in Agua 

Caliente, Guatemala.   

Based upon the preceding analysis, EWB-USA UMN has decided the alternative that best meets 

the needs of the community is the improvement of the existing ram pump system.  This result 

was reached after weeks of discussion between students and professionals.  We believe that this 

is the best project for the following reasons: 

1. Importance to the system. The ram pumps are the main functional component of 

the system.  There is no good way to get water to crops during the dry season, without the 

pumps.  Improvement means expansion, both in the ability of a person with a pump to 

water more fields, and the ability of a pump to carry water further away from the stream. 

2. Possibility of expansion.  Improving the metrics of the ram pump output could 

allow new members to join the system who couldn’t utilize it before because of the 

distance of their fields from the stream.  

3. Involvement of the APROMAC. The APROMAC has stressed that they want help 

to improve their ram pumps. They are aware that the technology could be improved. 

4. Sustainability. This project is extremely feasible because of the ability of the 

community to repair and replace the technology locally.  It utilizes technologies that they 

already know about.  It is altering an existing tool, which leads EWB-UMN to believe 

that it will be used very well. 

The difficulties with this project include the ability of EWB-UMN to adequately convey the 

components, improvements, and importance of the changes to the community. An additional 

complication could be the possible political issues around our interest in adding people to the 

system.  From the community surveys done in 2012, we are aware of several families who would 

like to utilize the system if it was expanded, and we need to make sure that their adding is done 

in a politically sensitive way.  Because of the possibility of expansion, the utilization of 
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technology that the Guatemalans are comfortable with, and the relatively low cost to high yield 

outcome of the project, EWB-UMN has decided to improve the ram pumps fir their next 

implementation in Agua Caliente. 

9.0 Professional Mentor Assessment 
 
 

9.1 Professional Mentor Name  
 

Kim Haglund 
 

9.2 Professional Mentor Assessment 
 
Three methods of improving the irrigation system have been presented here: improving the 

power and efficiency of the ramp pumps, replacing sprinklers with a micro-irrigation system, and 

adding a system of storage tanks.  Each method directly addresses a request by the APROMAC 

and each method would result in significant improvements to the system. 

  

Improvements to the ram pumps would offer significant, sustainable benefits to the community 

while still being a manageable and relatively low-cost project to undertake.  The community 

already understands the basic concept of a ram pump and by teaching them how to improve their 

pump system, they should easily be able to maintain the pumps themselves.  The financial costs 

to EWB are only to conduct experiments and to travel to the community. 

  

The remaining options (implementing micro-irrigation and adding storage tanks) would provide 

significant benefits to the community, but neither option can be easily supported by EWB at this 

time.  Micro-irrigation requires financial support at an undesirable level.  Storage tanks require 

either individual maintenance that is not feasible for many community members or a complex 

system of sharing the tanks and monitoring water usage.  I recommend moving forward with 

plans to test improvements to the ram pump.  In the future, micro-irrigation and/or water storage 

tanks could supplement the pumps’ increased efficiency, but at this time they would not be 

feasible alternatives. 

9.3 Professional Mentor Affirmation 

 
I agree with the plan to focus on improving the power and efficiency of the ram pumps.  I 
recommend testing the ram pump components as described in this report and developing a plan 
to educate the community based on these findings. 
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10.0 Appendices 

 

Appendix A – Aerial View of Agua Caliente 

 

 

Appendix B – Topographic Map of Agua Caliente 
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Appendix C – Pictures and Drawings of Dams 
 

3.1 – Dam #1 
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From left embankment 

 

 
From right embankment 
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3.2 – Dam #2 

 
Spillway 

 

 
Dam wall and drive pipes 
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3.3 – Dam #3 

 
Wall and pipes, showing erosion 

 

          
          Wall and pipes, showing erosion                             Scour and erosion underneath toe 
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3.4 – Dam #4 

 
Wall from downstream 
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Wall, showing ledge by toe 
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3.4 – Dam #5 

 
From upstream 

 

 
From downstream 
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Appendix D – Micro-irrigation and Rotoplast Tanks 
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Drip-irrigation hose 

 

 

 
Current water storage tank 

 



523 – Alternatives Analysis Revised 09/17/2013 

University of Minnesota 

Agua Caliente, Guatemala 

Expanding Agricultural Opportunities 

   

© 2012 Engineers Without Borders USA. All Rights Reserved Page 34 of 39 

 
Rotoplast tank 
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Appendix E – Existing Ram Pumps 

 
Current ram pump design 

 

Appendix F – Ram Pump Model 
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