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Summary 
The water team was concerned with the two main focuses of chlorination and arsenic 

removal. Three students focused their efforts on arsenic removal, while the other two focused on 

chlorination. This allowed the team to be more efficient for project research and design before 

departure, as well as project implementation on-site. Both disciplines of Mechanical and 

Chemical Engineering were represented on the team, providing a strong foundation of 

knowledge as well diverse perspectives for problem solving.   

According data collected from previous teams, arsenic was found to be one of the most 

dangerous contaminants present in the water at Montana de Luz. The previous media used to 

treat this problem was found to be minimally effective, thus the teamôs purpose was to find an 

improved media. Three filters were purchased to research the effectiveness of the arsenic 

removal media. The three filters tested contained three different mechanisms of removing 

arsenic: a fine mesh media, an iron oxide media, and an anion exchange resin. Each filter was 

attached to the kitchen faucet and water samples were collected. Free, total and combined 

chlorine as well as phosphate, sulphate, ammonia, and iron were tested using photometer for 

each of these samples. Additionally, a separate test was used to provide a visual indication of the 

arsenic level. Bacteria growth strips gave an order of magnitude estimate of the quantity of 

bacteria present in the water.  

Based on the data collected on each filter, along with the annual cost, the Living Water 

Unit (fine mesh media) was chosen for use at the orphanage, and the Water Exchange Unit 

(anion exchange resin) was selected for use at the directorôs home. All three media were found to 

be effective at removing arsenic to limits permissible by the World Health Organization (WHO). 

Since it is not economically feasible to purchase point-of-use arsenic filters for the community, 

the team hopes to focus future efforts on finding an affordable, sustainable solution. Such a 

solution could be implemented at minimal cost, and provide safe drinking water for the entire 

community. 

Providing sanitary drinking water to the surrounding community of Nueva Esperanza, 

was the primary focus of the chlorine team. The chlorine system was found to be ineffective at 

providing chlorine to all the homes on the brick side of the grid. It was discovered that the 

chlorinated water got distributed to the high side of the grid, then the tank refilled diluting the 

remaining chlorine in the tank.  This diluted chlorine water was then fed to the brick side where 

the free chlorine levels were too low to kill the bacteria. The system was modeled using 

EPANET software. Samples were collected, and tested immediately on site using the photometer 

which measured the free chlorine content at various times and points in the system. Using this 

data the team decided the most effective way to address this problem was by adding an 

additional portion of chlorine while the tank was refilling for the second (brick) side of the grid. 

The team engineered a mechanism to provide the second, automated addition of chlorine.  

In addition to chlorination work in the community, a new chlorinator will be installed at 

the orphanage. Samples collected to evaluate the efficiency of the new filters showed essentially 

no chlorine in the water at MdL.  Upon further investigation, the chlorinator was said to be 

dysfunctional for several months prior to the teamôs arrival at MdL.  

Several smaller projects were completed or evaluated by the water team. Executive staff 

at Montana de Luz expressed interest in an investigation of well capacity. The team researched a 

method to provide this information, but was unable to collect the necessary data on the well to 

complete the project. Foul smells detected by the previous water team merited an investigation to 

ensure that the septic system was not functioning properly. This inspection was performed, and 



no problems were detected. The team traveled to Flor Azul, a nearby orphanage, to survey needs 

or future projects. Finally, an annual wellhead protection examination was performed according 

to the well checklist. The only major problems addressed by the team were a leak in the exit 

pipe, as well as weed overgrowth surrounding the wellhead.   

Background 
 During Spring Break 2008 Engineers for Community Service (ECOS), a student 

organization in the College of Engineering at The Ohio State University, implemented service-

learning projects at Montana de Luz (MdL), an orphanage for children HIV/AIDS.  The eleven 

students who participated evaluated internet access for MdL, installed new computers, built new 

soccer goals, took measurements for future projects, tested water quality and chlorination for 

both MdL and Nuava Esparanza, checked for any potential problems with MdLôs well and septic 

system, and installed new arsenic removal filters in the orphanage and the directorôs home.  

There were three student teams which were the computer team, structures team, and water team.  

 The water teamôs projects were built from previous ECOS projects and analysis at MdL 

and Nueva Esparanza. In 2004 and 2005, the arsenic levels in MdLôs drinking water were found 

to be above the World Health Organizationôs (WHO) and the Environmental Protection 

Agencyôs (EPA) maximum contaminant level of 10ppb. In 2006, after analyzing many treatment 

options, removal of arsenic by a sorptive media was determined to be the optimum solution.  

Iron-impregnated sand was brought to Honduras to test in a current filtration unit used in MdLôs 

kitchen.  This media was developed and tested in Brita pitchers at Ohio State.  The 2007 project 

team installed a commercially available filter that brought the arsenic level down from 40ppb to 

about 30ppb.  Since this value is still above the WHO limit, the 2008 team will be testing new 

filters with different arsenic removal media.  

In 2006, MdL was experiencing orange water coming out of the tap after heavy rains, and 

the well was a potential source of this orange water.  Structural repairs were made to MdLôs well 

with caulk and expanding foam, and additionally a pad was constructed around the well to 

prevent contamination from rain runoff.  A well checklist was created in which further groups in 

2007 and this 2008 trip have used to continue proper wellhead protection and maintenance.  

Also, in 2007, the team had noticed foul smelling sludge on the side of MdLôs hill overlooking 

the orchard.  It was thought that the sludge could be drainage from the septic system, so a follow 

up in 2008 included a septic system analysis.  

 

Project Participants 
 

Computer team:  Chris Mitchell*, Arup Mallik (Gabe Moulton, graduate advisor) 

 

Structures team:  Ellis Robinson*, Robin Walker, Roxanne Guinty, Sriya Parthasarathy  

 (Elvin Beach, graduate advisor, resident director) 

 

Water Team: Aimee Gall*, Eric Reynolds*, Katie Kinstedt, Amanda Jensen, Lisa Reisenauer 

 

Dr. John Merrill (Resident Director, OSU CoE), Gina Langen (OSU CoE), Amanda Engle 

(EWB), and Katie Munyan (Political Science) also traveled to Honduras.  

*indicates team leader 

 



Montana De Luz Water Quality 

Arsenic 
Background 
 The source of water at MdL is from a well located approximately 200 yards down hill 

from the compound.  The water is pumped from the well up to MdL to three plastic pressure 

tanks. From the tanks, the water goes through a filter system and is chlorinated.  This water is 

used for drinking, washing, cooking, etc.  Prior to 2007, the water used for drinking was passed 

through a countertop filter unit designed primarily to remove residual chlorine from the water to 

improve taste.  In 2007, an Aguasana filter was installed to remove residual chlorine from the 

water as well as arsenic; however, the arsenic levels remained above the WHO limit.  Members 

of ECOS have traveled to MdL and brought back samples each year since 2004 for analysis.   

 

Water Quality Data and Arsenic Removal Filters 
 Samples were taken and analyzed in Honduras using a photometer, and additionally 

several samples were brought back to Ohio State for a more detailed analysis.  Water quality data 

from years 2004-2007 can be found online at www.ecos.osu.edu in previous water quality 

reports.  The water quality parameters tested at Ohio State were ____.   The water quality data 

obtained from the spring 2008 trip can be found in the Appendix.   A summary of the range in 

concentration of water quality constituents in taps at MdL is shown in Table 1.  A listing of 

relevant United States Environmental Protection Agency (USEPA) or World Health 

Organization (WHO) limits can also be seen in Ta ble 1.  Bacteria growth results can be seen in 

Table 2.  Raw data obtained by testing the water with and without filters at MdL using the 

photometer can be viewed in Table 3.   

 Arsenic is a contaminant that can be found in drinking water that poses severe short and 

long term health effects for people around the world.  Groundwater can be contaminated with 

arsenic because it is naturally occurring in the environment from the erosion of natural deposits.  

In natural waters, and therefore drinking water, arsenic is commonly found as As(III) and can 

also be found as As(V).  Because the symptoms associated with the consumption of arsenic in 

drinking water vary between persons, populations, and geographic locations, there is not a 

definitive disease caused from arsenic.  Arsenic from drinking water can cause cancer of the 

lungs, skin, urinary bladder, and kidney from long term exposure as well as diseases of the blood 

vessels in the legs and feet, high blood pressure, reproductive disorders, and many skin 

problems.  According to the World Health Organization (WHO), inorganic arsenic is recognized 

as a human carcinogen.  The WHO is currently investigating the extent of health problems 

caused by arsenic worldwide.  The Environment Protection Agency (EPA)ôs maximum 

contaminant level is 10 parts per billion (ppb) and this standard is also adopted by the World 

Health Organization [1,2].   

From testing during the years 2004-2007, the drinking water at MdL generally met all 

guidelines for safe drinking water, except for arsenic which had levels from 30-39 ppb, which 

are above the WHO standard.  This is a pressing issue because the effects of arsenic consumption 

are unknown for children with compromised immune systems and who are taking anti-

retrovirals.  Various technologies to remove arsenic were examined in 2006 such as sorptive 

media, membrane process, sand filtration, distillation, electrodialysis reversal, and 

coagulation/flocculation.  Sorptive media was determined to be the most viable option.  Different 

http://www.ecos.osu.edu/


arsenic removal media has been tested at Ohio State for use in a point of use (POU) system for 

the drinking water, and samples have been tested in Honduras in 2006 and 2007.     

In 2008, three commercially available arsenic removal filters were purchased for testing 

on-site.  The filters were chosen based on different media for arsenic removal.  After determining 

a media that removes arsenic the best from the water at MdL, the team will have a better 

understanding of arsenic removal with the specific levels of constituents and other parameters of 

the local water.  Arsenic removal filters that are available in the United States are usually 

guaranteed to work in the United States, and may not be as effective in other places such as 

Honduras.  This can be seen in the Aguasana filter that was installed in 2007 which brought the 

levels of arsenic down to about 30ppb instead of under the WHO limit of under 10ppb.  All three 

filters are installed by connecting to the faucet with a diverter valve and sit on the counter.  

Under-the-counter POU systems were not chosen at this time because that would require cutting 

the pipe below the sink to install and test each filtration unit.  For a long-term solution, under-

the-counter POU systems will be considered.     

 

Filter 1:  LivingWaters  
The first filter tested was the LivingWaters Arsenic Water Filter.  This filter is a five 

stage counter-top water filter that uses activated alumina for the arsenic removal cartridge.  

There are three cartridges used in this filter.  The details from the manual about each cartridge 

are:   

 
LW10KCER Cartridge:  ñThis cartridge contains a full 16 oz. of KDF55 (copper-zinc redox 

media) in the core of a premium Dolton ceramic element designed to provide absolute 

filtration of 99.99% of all particulate matter down to 0.9 microns, reduce harmfl bacteria and 

cysts by 99.99%, and turbidity reduction of 99.69%.  Its KDF55 fill gives extremely effective 

and long life dechlorination capacity, exceptional removal of heavy metals, will kill bacteria 

and viruses and render treated water bacteriostatic.  This cartridge, when used before any 

carbon block cartridges that follow will extend their life substantially, as well as keep them 

from breeding harmful pathogenic organisms.ò 

LW10CBR/ST.1 Ster-O-Tap Combi Ultrafiltration Cartridge:  ñThe patented dual-media cartridge 

incorporates the first practical ultrafiltration media.  Use this exciting new technology for a 

guaranteed 8 log (99.99999%) removal rate of dangerous microorganisms like bacteria, 

molds, and spores, without the possibility of breakthrough.  Since the smallest known 

bacteria is .3 micron, this is the first media that can render water sterile of such organisms 

without boiling or the addition of harmful chemicals.  This Ster-O-Tap Combi is best used 

when water has been pre-treated by the LWKCER.  Such pre-treatment will not only 

substantially extend its service life, but will also render product water 99.9% free of viruses 

as well as bacteria, mold, and spores.   

LW10FRC:  ñThis cartridge utilizes a special fine mesh media specifically designed for high-

capacity fluoride and arsenic reduction capable of reducing fluoride content of feedwater that 

begins as high as 10ppm to below .2ppm.  For average drinking water this means that the 

filter will remove over 95% of fluoride.ò 

 

Filter 2:  Crystal Quest 
 The second filter tested is a double cartridge countertop arsenic filter by Crystal Quest 

that uses an anion exchange resin to remove arsenic.  This filter has seven stages of filtration.  

The details from the manual about each cartridge are:   

 



CQ-10 Arsenic Removal Filtration Media:  ñCrystal Quest Arsenic filters contain the Arsenic 

removing filtration media called CQ-10.  CQ-10 is a strongly basic hybrid anion exchange 

resin specifically formulated to selectively remove arsenic. It is supplied in the salt form as 

clean, moist, tough, uniform spherical beads.  CQ-10 exhibits extraordinary throughout 

capacity in arsenic removal service on potable water supplies.  Its performance is virtually 

unaffected by common anions, such as chlorides, bicarbonates or sulfates.  CQ-10 is effective 

over the entire pH range of potable water.ò   

RC-Plus 10ò 6 Stage Filtration:  ñIn stage 2, water flows through pre and post one-micron filter 

pads which removes suspended particles such as silt, sediment, cyst (Giardia, 

Cyptosporidium), sand, rust, dirt, and other un-dissolved matter.  In stages 3 and 4, water 

flows through a bed of media made ofa special high-purity alloy blend of two dissimilar 

metals- copper and zinc.  KDF is a major advancement in water treatment technology that 

works on the electro-chemical and spontaneous-oxidation-reduction principles.  Chlorine is 

instantaneously and almost inexhaustibly oxidizedéIron and hydrogen sulfide are oxidized 

into insoluble matter and attach to the surface of the media.  Heavy metals such as lead, 

mercury, copper, nickel, chromium, cadmium, aluminum, and other dissolved metals are 

removed from the water by the electrochemical processé. In stage 5, water flows through 

ion exchange resins, reducing heavy metals such as lead, copper, aluminum, and water 

hardness.  In stage 6, water flows through granulated activated carbon (GAC).  GAC is 

universally recognized and widely used as an effective adsorbent for a wide variety of 

organic contaminants, such as chlorine (99.9%), chemicals linked to cancer (THMôs, 

benzene), pesticides, herbicides, insecticides, volatile organic compounds, PCBôs, MTBEô 

and hundreds of other chemical contaminants that may be present in water causing bad taste 

and odors in your drinking wateré In stage 7, water flows through another one-micron 

filtration pad for further reduction of undesirable particles.  The end result is a great reduction 

or total elimination of a wide variety of contaminants.ò 

 

Filter 3:  The Water Exchange 
The third filter tested is a double cartridge countertop arsenic filter by The Water 

Exchange that uses an iron oxide media for arsenic removal.  The filter is model CTD-AR.  The 

details from the manual about each cartridge are: 

 
AD2710S Arsenic Reduction Cartridge (AR):  ñProduct has been tested and shown to reduce both 

Arsenic(III) and Arsenic(V); rated life base don Arsenic (V) challenges at pH 8.5 and 50ppb 

influent concentration in accordance with guidelines under NSF Standard 53é. Also 

removes lead, chromium, cadmium, molybdenum, zinc and antimony.  The iron oxide media 

is NSF-61 certified.ò 

KDF/GAC Filter:  ñThis is a custom made 3-stage cartridge unlike any other available.  The first 

stage is a 1 micron sediment and cyst filter followed by 1 lb of KDF for heavy metals (lead), 

chemicals (arsenic) and chlorine.  Next, the KDF treated water passes through 1 1/4 lbs of 

coconut shell carbon using "adsorption" to remove herbicides, pesticides, industrial 

chemicals, Trihalomethanes (THM's) and more.ò      

 

Testing and Results 
Raw data obtained by using an arsenic test kit onsite for water at MdL with and without 

filters can be seen in Table 4.  The average value of arsenic present in each filter and without a 

filter for water at MdL is shown in Table 5.   The data shows that MdL drinking water without a 

filter still has an arsenic level of 40-50ppb.  The Aquasana filter installed in 2007 is still 

removing arsenic to 30-40ppb.  Each of the new filters installed effectively lowered the arsenic 



levels to below the WHO limit of 10ppb.  The activated alumina, anion exchange resin, and iron 

oxide media were all successful in reducing the arsenic level to the appropriate level.  Table 3 

shows the results of testing various constituents using the photometer on-site for each filter and 

further data can be seen in the Appendix from testing at Ohio State. 

 

Figure 1:  Arsenic test results show new filters remove arsenic below 10ppb 

 

 

Final Installation  
 Since each filter effectively reduced the arsenic level of the water, one filter was installed 

at MdL and another at the Directorôs house in the village to replace the Aquasana filters.  A cost 

analysis was performed and can be seen in Table 7.  Table 7 also shows the frequency of 

replacement cartridges necessary for each filter for use at MdL and the Directorôs house.  After a 

meeting with the Director Elen, Filter 1:  LivingWaters was chosen for installation at MdL, and 

Filter 3:  The Water Exchange was chosen for installation at the Directorôs home.  Filter 1 was 

chosen for MdL because of the added benefits of the ultrafiltration cartridge that removes 

bacteria.  The cost is slightly higher per year for replacement cartridges, but the added cost is 

worth it in terms of the childrenôs health.  With the issue with the chlorinator, Filter 1 is the best 

choice in removing contaminants like bacteria and also serves as added protection against 

drinking these contaminants.  Filter 2 was not chosen because of its cost and craftsmanship.  This 

filter was the most difficult to install and did not connect very sturdily to the faucet.  Filter 3 was 

chosen for the Directorôs house because of its cost and high levels of arsenic removal. 

 



 

Figure 2:  Final installation at MdL  

 

Figure 3:  Final installation at the director's house 

 

Sustainability 
   Before spring break of 2007, MdL was purchasing activated carbon filters from the 

United States and installing them in the kitchen at a POU countertop housing unit.  In 2007, the 

Aquasana filtration unit was installed at MdL and the Directorôs home, and replacement 

cartridges were left in Honduras that would last the entire year.  Replacement cartridges for the 

filters left in Honduras in 2008 can be easily ordered online through the supplier and can be 

shipped to the MdL office in Columbus, OH.  Team Agua also plans on writing proposals to the 

companies in hopes of securing a donation of replacement cartridges.  Documentation on filter 

maintenance, instruction guide, and ordering replacement cartridges has been given to the 

director in-country and the MdL office in Columbus, OH. 



Table 1:  Water quality data at MdL, Spring 2008 

(units are in mg/L unless otherwise stated) 

Parameter Value Standard 

pH (PU)   - 

Alkalinity    - 

Hardness   - 

Nitrate   10 (EPA) 

Ammonia   - 

Cond. 

(uS/cm) 

  - 

Cl (total)   - 

Cl (free)   - 

Al (ppb)   - 

As (ppb)   10 (EPA/WHO) 

B (ppb)   500 (WHO) 

Ba (ppb)   700 (WHO) 

Ca   - 

Cu (ppb)   2000 (WHO) 

Fe (ppb)   - 

K   - 

Mg   - 

Mn (ppb)   400 (WHO) 

Na   - 

P (ppb)   - 

Pb (ppb)   10 (WHO) 

S   - 

SO4
2-
 (mg 

S/L) 

  - 

Si   - 

Sr (ppb)   - 

Zn (ppb)   - 

Table 2:  Bacteria growth results 

Water filter 1:  Living Water * <10^2 

Water filter 2:  Crystal Quest * >10^4 

Water filter 3:  The Water Exchange * <10^2 

Aquasana Filter (3/18/08) * >10^6 

Aquasana Filter Retest (3/20/08) * >10^2 

Tap Water at MdL kitchen sink without filter * <10^2 

Tap Water at MdL kitchen sink that usually has filter * <10^2 

Water dispenser in group dining room * >10^2 

MdL Well Water <10^2 

Director's house in village with Aquasana Filter >10^2 

Director's house in village without a filter <10^2 

Director's house in village with filter 3:  The Water Exchange <10^2 

Flor Azul drinking water <10^2 



                                            * indicates no chlorine in drinking water at MdL  

Table 3:  MdL on -site drinking water analysis using photometer 

 

 

Table 4:  Raw arsenic data for water tested at MdL  

Data Filter 

Arsenic 

Level 

(ppb) 

3/18/2008 none 40-50 

3/18/2008 Aquasana 30-40 

3/19/2008 Living Water 5 

3/19/2008 Living Water 7.5 

3/19/2008 Living Water 5 

3/20/2008 The Water Exchange 0 

3/20/2008 The Water Exchange 2.5 

3/20/2008 The Water Exchange 5 

3/20/2008 The Water Exchange 0 

3/20/2008 Crystal Quest 5 

3/20/2008 Crystal Quest 5 

3/20/2008 Crystal Quest 5 

3/21/2008 Living Water 5 

 

 

Table 5:  Average arsenic levels for each new filter tested at MdL kitchen 

 Average Arsenic Level (ppb) 

No filter 45 

Aquasana (old) 35 

Living Water 5 

Crystal Quest 5 

The Water Exchange 2 

 

 

Free 

Chlorine 

(mg/l 

Cl2) 

Total 

Chlorine 

(mg/l Cl2) 

Combined 

Chlorine 

(mg/l Cl2) 

Phosphate  

(mg/l PO4) 

Sulphate 

(mg/l SO4) 

Ammonia 

(mg/l N) 

Iron 

(mg/l Fe) 

 

Aquasana Filter 
0 0.03 0.03 2.8 3 << 0.01 

No Filter 
 

0.01 
0.02 0.01 3.3 3 << 0.01 

Filter 1: 

Living Water 
*  *  *  1.45 2 0.01 0 

Filter 2: 

Crystal Quest 
*  *  *  0.96 14 << << 

Filter 3: 

Water Exchange 
*  *  *  2.9 6 0.01 0.01 

 *indicates no chlorine testing performed because no chlorine added at MdL  



 

Table 6:  Water usage at MdL 

 Number 

Daily usage: Without a volunteer group 2 jugs 

Daily usage:  With a volunteer group 4-5 jugs 

Average usage 3 jugs 

5 gallons of water 1 jug 

One year 5475 gallons 

 

 

Table 7:  Cost analysis and frequency of replacing filter cartridges 

 

Cost Number of Gallons 
Regular 

Household 

MdL 

Conversion 

Total cost for 

MdL per 

year 

Average total 

cost for 

Director's house 

per year 

Living Water Unit  $356.15 - - - 

$478.99 $147.06 

LW10KCER Cartridge $75.65 10000 2 years 6 months 

LW10CBR/ST.1 Ster-

O-Tap Combi 

Ultrafiltration Cartridge 

$67.15 2000 1 year 4 months 

LW10FRC $42.08 

capacity is 

5000ppm Fl, so if 

water has 2ppm of 

fluoride, then the 

cartridge has the 

capacity to clean 

2,500 gallons of 

water 

 4 months? 

Crystal Quest Unit $129.95 - - - 

$456.00 $85.50 

CQ-10 Arsenic 

Removal Filtration 

Media 

$57.00 1000 
8-12 

months 
2 months 

RC-Plus 10ò 6 Stage 

Filtration 
$57.00 10000 1-3 years 6 months 

The Water Exchange 

Unit  
$219.95 - - - 

$619.60 $103.27 
AD2710S Arsenic 

Reduction Cartridge 

(AR) 

$89.95 1000 1 year 2 months 

KDF/GAC Filter $39.95 12000 3 years 6 months 

 

 

 



Chlorinator  
The chlorination system at MdL is based on slow dissolving trichloro-S-triazinetrione 

tablets and an in-line feed system, a common approach for sanitizing swimming pools. 

Trichloro-S-triazinetrione reacts with water and generates 3 moles of hypochlorous acid and 1 

mole of cyanuric acid, with the hypochlorous acid serving as the primary disinfecting agent.  A 

number of companies offer the trichloro-S-triazinetrione tablets certified by NSF for drinking 

water applications, though it is not known whether the tablets used at Montana de Luz are NSF 

certified. 

While testing the water at MdL without a filter for removing residual chlorine amounts, it 

was discovered that there was not any chlorine present in the water.  After discussing with MdL 

staff, the chlorinator was found to be broken, and a new chlorine diffuser was purchased and to 

be installed after the teamôs departure. It could not be installed earlier because new fittings were 

necessary for the pipes, and stores were closed due to the Easter holiday.     

 

 

Figure 4:  The Chlorinator at MdL  

 

Well Checklist and Wellhead Protection 
The team performed a wellhead protection examination following the guidelines outlined 

in the water report from 2006. These guidelines can be viewed in the Appendix. The well was 

initially evaluated early in the week, and a leak was found in the main pipe exiting the well 

before the final release valve. The leaking pipe can be viewed below in Figure 5. Since water is 

constantly lost from the pipe, the team suspected that increased electricity bills may have been at 

least in part, due to the increased demand on the well pump. The team alerted Saoul, the 

Montana de Luz manager of maintenance, to the leaking pipe. Due to Holy Week, many of the 

hardware stores were closed and it was not possible to purchase replacement piping. The team 

worked with Saoul to investigate and implement an immediate solution, but the pipe will not be 

fixed until after the teamôs departure due to the Easter holiday.  

 



 

Figure 5:  View of the pipe leak prior to exit valve at MdL well 

  

 On Friday March 21
st
 the wellhead evaluation was performed. The well was said to be 

cleaned out on a monthly basis and the last cleaning was in August of 2007.  Saoul takes care of 

the cleaning and is knowledgeable about well maintenance.  Elen stated that Saoul will clean out 

the well again before the rainy season begins in May 2008.  Through the use of the well checklist 

made in 2006, the team realized (and had in previous trips) that the area surrounding the well 

was being cultivated as a small garden which can contaminate the water if chemicals are used.  

The team spoke with the Montana de Luz staff to ensure that no fertilizer or pesticide was used 

in this garden, and to highlight the importance of avoiding well contamination. Additionally, the 

team found that the area immediately surrounding the well was overgrown with large weeds. The 

overgrowth surrounding the well head was cleared.  The well was inspected for signs of cracks, 

corrosion or damaged well casing. The condition of the wellhead can be seen below in Figure 6.  

No urgent problems were found needing repair.   To provide a more in-depth analysis of the 

current well water quality, a water sample was collected from the initial point of exit from the 

well, and sent to laboratories at the Ohio State University for a complete element evaluation.  

  

 



 

Figure 6:  Wellhead evaluation 

 

Well Capacity Investigation 

 

 The team was also asked to investigate the capacity of the Montana de Luz well.  After 

contacting faculty from the hydrogeology department at Ohio State, the team concluded that a 

ñStep-Drawdown Testò would be the most appropriate solution for determining the well 

capacity.  This test consists of pumping the well at sequentially larger rates while measuring the 

drawdown in the well. The drawdown is a measure of the decrease in water level relative to the 

original position.  Equations from standard well hydraulics books could then be used to analyze 

the results. From a plot of drawdown versus time along with these equations, the long-term 

capacity of the well can be estimated.
 
 It was decided that it would not be feasible to conduct the 

test this trip due to the short extent of the teamôs time in country.  Instead, preliminary 

information needed for the test, such as the depth of the well, the length and diameter of the well 

casing and screen, and the thickness of the aquifer material, was sought by the team [3].  Since 

the well is encased, it is almost impossible for the team to produce this information.  Thus, 

documentation was needed, but well documentation at MdL does not have dimensions on it 

because the well was here before MdL existed when the area was just a house.  The drop down 

test will not be possible until these specifications of the well are not available at this time.   

 

Septic System Assessment 
In 2007, the team had noticed foul smelling sludge on the side of MdLôs hill overlooking 

the orchard.  It was thought that the sludge could be drainage from the septic system, so a follow 

up in 2008 included a septic system analysis.  The team performed a basic check of the two 

major components of the septic system, the septic tank and the drainage field. First, the septic 

tank was found. In the septic tank solid waste is broken down by microbes to form a liquid.  

From the outside no problems with this process could be detected. Second, the group went to 

find the drainage field. While the actual drain was not found, the drainage field was located on a 

section of the hill that was covered in dense, marshy vegetation.  During the dry season, the 

natural landscape of Honduras is dry and brown.  This second on the side of the hill was the only 

green area and the marshy vegetation must have had a water source being the septic systemôs 



drainage.  The green vegetation section changed to dried out brown plants very suddenly as 

illustrated by Figure 7. Since there were plants present to absorb the liquid waste drainage the 

water team concluded that there were no major problems with MdLôs septic system.  

Additionally, there were no foul odors surrounding this area [4, 5].    

 

 

Figure 7:  The dense and marshy vegetation on MdL's hillside 

 

Flor Azul   
  Flor Azul is a home for about 70 boys located near Montana de Luz.  Part of the water 

team visited the site.  Their water system is also of interest because of the use of UV filtration.  

Flor Azul uses a generator to pump their water from the well because itôs cheaper than solar 

panels for the 300ft well.  The water is fed into a cyclone that removes the sand.  The water 

travels to the kitchen and through a ultraviolet filter.  The UV filterôs energy comes from a solar 

panel, and when this is switched on, a tank beside the kitchen fills with water.  This tank is 

elevated and from there a spigot is attached outside the kitchen so the boys can obtain drinking 

water whenever.  Each boy carries his own water bottle.  The water team took a sample of their 

drinking water for further analysis at Ohio State and also ran a bacteria growth test.         

 



Chlorine Team 
Objectives 

 

The purpose of this project was to model and analyze the existing water chlorination distribution 

in Nueva Esperanza, Honduras. This required analyzing the current perceived conditions using a 

working model of the distribution network. The software used to do so is called EPANET.  Once 

the model was analyzed, it was used to develop potential solutions which could be adjusted and 

implemented once more data points were taken in-country.  The model, along with previous 

sampling sets, was also used in developing an in-country sampling strategy.  This effort allowed 

the group to prepare for as many different problem possibilities as possible without being on-site 

in Honduras. 

 

Model Results 

 

The team used the EPANET program from the United States Environmental Protection Agency 

(EPA).  EPANET was downloaded at no cost from the EPA website (www.epa.gov) by the Ohio 

State Civil Engineering capstone team in 2007. The program was then configured and adjusted 

using parameters (geographical elevations, pipe network geometry and locations, free chlorine 

levels, average water demand per household, etc) determined experimentally from an in-country 

sample set in 2007
i
.   A chlorine decay rate, found using Figure 1, helped to complete the 

working model of Nueva Esperanzaôs potable water distribution system. 

 

Chlorine Reaction Rate at Nueva Esperanza
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Figure 1: Chlorine Decay Rate 

 

The representation of chlorine throughout the distribution network may be seen in Figure 2 at 

t=30 minutes. This simulation, based on 2007 data, began at t=0 or 6:00 AM with zero chlorine 

at each node in the network.  

http://www.epa.gov/


 
Figure 2: Chlorine Concentrations at 6:30 AM 

 

Figure 3 shows the chlorine distribution at t=1 hour or about 7:00AM.  At this point, the model 

predicts approximately 50% of the village has received chlorinated water with concentrations 

ranging from 0.18-0.31 mg/l.  As the simulation continues to 7:30 AM, a predicted 90% of the 

grid has received disinfected water. At t=2 hours, 99% of the modeled network has been properly 

disinfected with chlorine.  

 



 
Figure 3: Chlorine Concentrations at 7AM 

 

For many reasons, it is difficult to properly simulate Nueva Esperanzaôs water system using this 

model.  In the United States, where the model was developed and intended to be used, water 

networks normally operate under steady state conditions ï piping grids are made into loops so 

that water can always be circulating.  In Nueva Esperanza this is not the case; electricity costs are 

high by comparison and therefore Nueva Esperanzaôs Junta de Agua (water board) only turns on 

the valves to distribute water from the tank for 2.5 hours each day, beginning approximately at 

6:00 AM when electricity demand is low.  To accurately model this system, the model must 

account for this transience for which it was not designed.  The 2007 capstone team, with the help 

of members of the online EPANET community list serve, was able to get a working transient 

model as shown previously.  To more accurately model the system, the group split the grid into 

two halves as shown in Figure 4.  The current method of distribution involves water flowing to 

the left (high) side of the village for 1.5 hours from 6:00 AM to 7:30 AM.  Then, the right (brick) 

side receives water for one hour, between 9:00 AM and 10:00 AM.  Overall, the model predicts 

correct chlorination decay trends, but the values are off and require calibration with more 

empirical data.  The data set collected in-country during this 2008 trip can be used to more 

accurately calibrate this model. 

 



 
Figure 4: 

 

 

History and Project Planning 

 

In planning for the trip the group investigated the concerns and possible solutions that could be 

taken based on the 2007 EPANET model.  The overall concern was making sure the entire 

village had sufficient free chlorine in their water in order to eliminate bacteria that may cause 

infections and sickness.  

 

Initially, it was thought that two problem areas were not receiving sufficient free chlorine in their 

water. The first problem area is located on the top left side of the village near the church ï this is 

the highest point in the village.  The second is on the brick side in the bottom right of the village.  

These are shown in Figure 5.  These proposed problem areas were predicted to have insufficient 

free chlorine levels using the split EPANET model calibrated with the 2007 data set.   

 

To start, it was unknown if the problem was intrinsic to the flow ï the water was just taking too 

long to get to the outer homes as the chlorine had degraded, at a normal rate, too much by this 



time ï or if there existed an excess chlorine demand somewhere inside the piping grid.  If an 

excess demand (e.g. bacteria pile up in certain pipes, excess reactive inorganic material in a 

certain area, etc) did exist, a solution would only require cleaning out the areas creating the 

problems.  If the decay rate was found to be close to a normal value, taking into account the 

small diameter piping used, possible solutions might involve adjusting the flow to allow shorter 

travel time or installing a chlorine booster at a strategic location.  Chlorine booster stations are 

utilized heavily in water distribution systems in the U.S.  To experiment with possible flow 

adjustment solutions, small pipe additions were strategically added into the current grid.  The 

model was then used to recalculate the flow to test whether these additions reduced the travel 

time of a fluid particle from the tank to the outer edges of the piping grid.  It was concluded that 

large new additions of pipe would be required to make only a minimal change.  This avenue was 

then abandoned.  A diffusing chlorine booster was another possible option.  If in-country 

assessment confirmed a need, a booster could be installed in the grid which would diffuse 

(without electricity) a small dose of chlorine into water as it passed through the device.  This 

booster would be positioned in a main line where the free chlorine concentration began to get 

close to an insufficient level.  The boost in chlorine concentration would then allow sufficient 

chlorine to be present in subsequent water including the proposed problem areas located at the 

outer edges of the grid.  Once calibrated with a thorough sample set in-country, the model could 

be used to pinpoint the optimal booster location.  The group, with help from a 2007 capstone 

team member Chris Kurtz, found a chlorine boost can be modeled with EPANET using a toolkit 

available online.  

 

Other potential problem areas involve the initial chlorination process in the tank.  It was possible 

that the chlorinated water initially in the tank was not well-mixed before it was delivered to the 

grid.  The original concern was that the high-concentration chlorine solution, which is added to 

the tank full of unchlorinated water, would not have enough time to diffuse into the water before 

it was distributed to the village grid.  A possible quick fix, if not done already, could be adding 

the chlorine solution as the tank was still filling to utilize the kinetic energy to distribute the 

chlorine.  

 

A final concern was that the pipes were still filled with a signification quantity of water from the 

previous day as newly chlorinated water entered the grid.  Stagnant, left-over water would lose 

any of its free chlorine to natural decay as it sat overnight.  If this left-over quantity constituted a 

significant portion of the total water delivered per day, it could be acting as a very high source of 

chlorine demand and dilution.  In order to investigate this problem, it was planned to take 

samples from the same faucet at multiple times to determine how the chlorine rate changed as the 

water continued to flow. If the chlorine levels increased as time went on then the team would 

know that the water was sitting in the pipes, and if it remained constant, then the team would 

know this problem could be eliminated.  The volume of water used per day could also be 

compared with the grid capacity.  If the volume used per day is significantly greater than the grid 

capacity, this could not be the problem.   

 

In -Country Water Board  
 

It was important to understand and see how the Junta de Agua and the fontenero (water system 

operator) functioned on a daily basis.  A meeting was set up through Elen Costigan to meet with 



the water board and was held on Monday evening (3/17/2008).  It was important to reopen a 

relationship during the beginning of the week so that communication could continue throughout 

the week.  The meeting was eye opening showing the water board was concerned with their 

chlorine levels but werenôt immediately receptive to why the group was there.  The water board 

began by telling the group about a Honduran company, Aquatec, who had a proposed solution 

for them involving the installation of a new pump that would put chlorine into the water.  This 

new system was quoted at $2000, an amount the Nueva Esperanza community could not afford.  

The communication continued while the group explained their intention and ability did not 

involved paying for this pump, but instead find the village a cheaper alternative solution.  Once 

this idea was established, the communication was much smoother and a schedule was made to 

where the group could follow and shadow the fontenero around to see his normal day to day 

operations.  

 

The water board also explained the schedule for water distribution to the village.  The fontenero 

turns the left side of the village on at ~6:00 AM by manually turning on a valve.  Then, at 7:30 

AM, he turns off this valve and the left side of the grid.  He waits until 9:00 or 9:30 AM to 

manually turn on the right side of the village (brick side), and then turns this valve off about an 

hour later, 10:00 or 10:30 AM.  It was explained that the left side of the village is larger and 

therefore has water for a longer time than the right side.  The wait time in between the first and 

second distribution periods is to allow the tank to fill up with more water from the well.  The 

well pump is set to pump water from the well into the village tank any time the tank is not full.  

Thus, the well pump begins pumping unchlorinated well water into the tank as soon as the left 

side valve is opened at 6:00 AM.  It continues to pump unchlorinated water into the tank until it 

is finally full again around in the later afternoon.   

 

The fontenero, Daniel, showed the group the chlorination process several times. Everyday he 

rides his bike up the hill to Montana de Luz to perform the manual chlorination process.  He 

begins by opening the chlorination house and pouring out yesterdayôs chlorinated water from the 

55 gallon drum.  Then, he fills up the drum halfway to approximately 27.5 gallons with well 

water and adds 350 grams of calcium hypochlorite (which provides free chlorine in aqueous 

solution) and mixes this until it is fully dissolved.  There is a one gallon container which he fills 

up with a gallon of the high-concentrate chlorine solution and carries up to the top of the tank.  

He then dumps this solution into the unchlorinated well water and climbs back down.  He mixes 

the slurry again because he wants to make sure the chlorine hasnôt settled to the bottom, and then 

filled up the jug again.  In total he pours 10 gallons of the mixture into the tank at approximately 

11:00am each day.  Because the tank is still filling at this time, in fact it is nearly empty, this 

timing allows for proper mixing and diffusion of the chlorine.  This eliminated one of the 

groupôs previously mentioned concerns as the tank was filling during the chlorination process.  

 

 

Sampling 

 

Sampling and analysis was done on site within five minutes of taking the sample (thanks to a 

battery-powered photometer).  The sample of water was taken in a plastic sample container and 

analyzed in the glass sample tube.  The tube was rinsed 2-3 times with the sampleôs water and 

used to blank the photometer.  It is important to blank the photometer with the sample being 



tested, not de-ionized water.  The free chlorine test tablet was placed in the glass tube and 

crushed.  After it fully dissolved in the water, the sample was taken using the ófree chlorineô 

(dilution x1) setting and recorded in the field notebook. 

 

On Monday morning the group was escorted by Kinsey, an MdL trip director, to a woman named 

Lourdesô house, see Figure A2-1 located in the appendix, for location of homes.  Lourdes lives 

on the right half of the village in one of the brick homes.  She graciously allowed us to test her 

water which began flowing at 9:30 am.  It was determined from analysis that her water that 

morning (0.02 ï 0.045 mg/L) was well below sufficient free chlorine levels (0.10 ï 0.40 mg/L), 

see Figure A2-2 located in Appendix 2.  Lourdesô took two members of the group, Aimee Gall 

and Mandy Jensen, to various neighborsô homes to observe how water is collected and used by 

each family.  From these observations, it was determined that everyday each household in the 

village fills up 5 gallon plastic containers with water from their indoor faucet to be used as 

drinking water.  Some families boil this water before drinking it, and others do not.  Each home 

also has a pila, a cement water container outside their home, which they fill up from 2-3 times 

per week depending on the size of their household.  The water from the pila is used to wash 

clothes, dishes and water plants if they had them (although the water board discourages using 

their expensive water for watering plants). 

 

Sampling continued on Tuesday morning by meeting the fontenero at 6:00AM and walking from 

house to house on the left side of the grid to measure free chlorine at more homes with him.  In 

Honduran culture it was important that villagers saw someone they knew when meeting another 

group for the first time.  By being with the fontenero it immediately built a trust with the 

homeowner and allowed the group to freely test their water.  Everyone visited was extremely 

hospitable and welcoming in this manner and even thankful to the group for caring for their 

country and their people.  

 

The results expected from the left side, based from the model and the 2007 sample set, were that 

the free chlorine concentration would decrease from an acceptable level near the center of the 

village to nearly zero free chlorine at the left-most outer edge of the village grid.  In actuality, all 

measurements taken on the left side grid were above at or above 0.18 mg/L meaning that there 

was sufficient free chlorine to kill the bacteria in their drinking water at all locations, see Table 

located in Appendix 2-Figure A2-1.  This finding was much different from what we expected 

and thus the hypothesis then changed from the pipes having bacteria in them (high demand) or 

the flow being too slow to the initial chlorination of the tank being the problem. During this 

sampling it was also shown that the amount of free chlorine did not increase dramatically as time 

went on showing that there was not a significant amount of water left-over in the pipes 

overnight.   

 

Now, the proposed solution was to put chlorine in the tank twice per day.  The initial volume of 

water in the tank was chlorinated perfectly, displayed by the sufficient free chlorine values in the 

left side of the grid.  But, as the tank becomes more and more diluted with unchlorinated water 

from the well, the concentration of chlorine becomes insufficient.  As noted earlier, from 7:30-

9:30 AM the tank is filled with unchlorinated water, thus diluting the overall volume immensely 

just before the second valve is opened distributing this diluted water to the right side of the grid.  

It was calculated that four additional gallons of the previous dayôs high-concentrate chlorine 



solution would solve this problem.  Daniel agreed to test this solution with us.  On Wednesday 

(3/19/2008) he added four additional gallons of concentrate, still mixing in between each gallon. 

This happened in between the turning off of the first valve (left grid) and the turning on of the 

second valve (left grid) at approximately 8:00 AM.  

 

To test the solution, samples were taken from the right grid starting at 9:30 AM Wednesday 

(3/19/2008) just after the second valve was turned on.  The results were astounding.  Each house 

tested had free chlorine concentrations ranging from 0.10 ï 0.55 mg/L, see Table located in 

Figure A2-1, all within the sufficient chlorine range.  This was a vast improvement from the near 

zero free chlorine levels found earlier in the week.  This solution was discovered alongside 

Daniel, the fontenero, and the importance of it was discussed on a more personal basis during 

this time.  It was important throughout to include Daniel and all members of the community as 

much as possible in the problem solving process.  This was a key part of an attempt to create a 

solution without unintended consequences and one that may be sustained without further outside 

influence.  It was also nice to have a helping hand in performing these many analyses ï the 

children of the community are quick learners with a knack for performing experiments.  All of 

this information was also documented in a formal report, found in Appendix A3, which was 

given to the water board.   

 

In an attempt to allow Daniel, or future fonteneroôs, to only make the trek up the hill to the 

village tank once a day instead of twice as this solution requires, the group attempted a low-cost 

mechanical automation solution.  Using an old bucket, PVC tube, and string an automatic 

chlorine dumper was constructed which was made to be triggered by the level of water in the 

tank, see Figure 5. The proper level of water was calculated and measured empirically so that the 

chlorine addition would happen just after the first valve is turned off.  This device was discussed 

with the fontenero, Daniel.  It was discussed that this strange device allowed him another option.  

He could come up to the tank twice per day or he could use the device and only come up once 

per day at the regular time.  If he wanted to do the later, he would add the ten gallons of 

concentrate as usual and then add three additional gallons of the concentration into the bucket 

along with an extra 38g of the calcium hypochlorite mixed in.  The bucket dumper would them 

be lower into the tank and left floating at the surface.  He overwhelmingly seemed to like the 

bucket solution because it meant less work for him.  It was extremely important for Daniel to buy 

into the idea of adding two doses of chlorine because he was the one who would actually 

perform the process everyday.  This bucket dumper device was an attempt to make this task less 

of a burden for him.  The device itself is not the best way to automate the process, and is by no 

means ñwell-made.ò  It was merely an attempt to make his life easier.  If he likes the idea, he can 

easily improve the device to make it more usable for him.  An automated/programmable electric 

pump would be the ideal solution.  

 



 
Figure 5: Second Chlorine Dose Dumper: begins to dump at h=h* 

 

 

Conclusion and Recommendations 

 

It was shown that the chlorination was sufficient for the left side of the village but severely 

lacking on the right side.  The proposed solution was to chlorinate the water twice; once the day 

before at approximately 11 am, like normal, and then a second time either by the automated 

bucket method or by manual addition.  This solution was discovered alongside Daniel, the 

fontenero, and discussed in detail with him.  The importance of the second chlorine addition was 

stressed in the communications between Daniel and the group.  A written report in both in 

English and Spanish was also prepared, which was to be presented to the Water Board at a later 

time by Elen Costigan. This was necessary because the conclusion was reached late into Holy 

Week, and the report generated on Easter weekend, so the group was unable to meet with the 

water board in person before departure.  

 

If future work ensues, it would be necessary to see whether the a second addition of chlorine is 

occurring.  The alternative to manually chlorinating the tank would be to use a programmable 

pump to automatically add the high-concentrate chlorine solution to the tank.  In the past this 

was possible for Nueva Esperanza but it was discovered that Aquatec took the old pump in order 

to ófix itô but never returned the fixed pump.  So, Nueva Esperanza is left doing it manually until 

another solution can be proposed.  The electricity in the chlorine pump house is currently not 

operational, creating another problem for further automation.   



Appendix 1 

 

Table 8:  Ordering and replacing cartridge filters 

 

 

 

    

Living Water Cost Replace Cartridges at MdL To Order: 

LW10KCER Cartridge $75.65  9/15/2008, 3/15/2009, 9/15/2009é http://www.mrwaterfilter.com/counter-top/mwfct-06.shtml 

LW10CBR/ST.1 Ster-O-
Tap Combi Ultrafiltration 
Cartridge $67.15  7/15/2008, 11/15/2008, 3/15/2009, 7/15/2009é Order By Phone:  1-800-680-2596 

LW10FRC $42.08  7/15/2008, 11/15/2008, 3/15/2009, 7/15/2009é Or directly from supplier:  www.livingwatersway.com 

    

The Water Exchange Cost Replace Cartridges at Director's House To Order: 

AD2710S Arsenic 
Reduction Cartridge (AR) $89.95  3/2009, 3/2010, 3/2011é http://www.thewaterexchange.net/replacement_filters.html 

KDF/GAC Filter $39.95  3/2011, 3/2014, 3/2017é Questions Call: 1-888-297-4887  



 
Figure A2-1: Nueva Esperanza Water Distribution Grid - left side with sampling from 3/18/08; 

right side with sampling results from 3/20/08 after a second dose of chlorine was added to the 

tank. 

Appendix A2 



 
Figure A2-2: N.E. Water Distribution Grid ï right side with sampling from 3/19/08 with the 

chlorination process as normal (without a second dose of chlorine) 


