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Executive Summary 

 

In the archaeological site of Umm el-Jimal, there are 38 water storage reservoirs of varying sizes, 

built 2000 years ago. The purpose of this project is to transmit, treat, and store as much of this 

water as possible during the rainy season to supplement the water supply of the surrounding 

community during the dry season.  

 

The proposed design involves the following steps: 

 

1. Before the water enters Reservoir 13 (shown in Appendix F), it goes through a 

sedimentation process to minimize the quantity of suspended solids in the water. 

2. When the water level in Reservoir 13 reaches 80% of the total depth of the reservoir, the 

water will be pumped through open channels to an offsite location. When the water level 

reaches 50% of the total reservoir depth, the pump will turn off. 

3. Once the water reaches the offsite water treatment site, it will be filtered using slow-sand 

filtration. 

4. After filtration, a combination of granulated and powdered activated carbon will be used 

for sorption. 

5. The water will then be disinfected using sodium hypochlorite. 

6. After disinfection, the people of Umm el-Jimal will be able to come to the centralized 

distribution site to pick up any water supplement they deem necessary. 
 
 

The estimated cost of the proposed design will be just over $3 million. Since the project will 

bring in income over the design life of 50 years, the project is deemed feasible and will continue 

into the design phase. 
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1. Introduction 

1.1 Calvin College’s Engineering Program 

Calvin College is a Christian liberal arts college located in Grand Rapids, Michigan. The college 

was founded by the Christian Reformed Church in North America whose understanding of 

scripture and mission are guided by Reformed Christianity. Diversity, inclusion, and sustainability 

are all key focuses of the college's mission.  

The engineering program at Calvin offers a four-year Bachelor of Science in Engineering program. 

There are four potential concentrations of focus, including chemical, civil and environmental, 

computer and electrical, and mechanical. Students do not apply for entrance into the engineering 

program until the beginning of their junior year. At this point, a specific concentration is decided. 

Before entrance into the program, introductory courses, including topics from all four 

concentrations, are taken.  

The capstone course for the engineering program is a yearlong senior design project. In the fall 

semester, the main focus is on creating a design team, choosing a project, and producing a 

feasibility study. Consideration of the design norms and the Reformed worldview is essential. The 

majority of time in the spring semester is spent completing the major design project chosen in the 

fall. Key features include oral presentations and the production of a final report.  

 

1.2 Project Management 

1.2.1 Team Members 

Team 4, also called Team Camelback, is composed of four senior civil engineering students. 

Figure 1: Team Camelback: Noah Szott, Sarah Bradley, Jason Eisenhart, and Ross Vander Meulen1 

                                                             
1 Photo courtesy of Cameron Carley 
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Noah Szott 

Noah is a civil and environmental engineering major from Aurora, Illinois. This past summer he 

interned at the Kent County Drain Commission, where he inspected drain outfalls. Noah enjoys 

playing musical instruments and sports. Noah plans on pursuing a career in hydraulic and 

hydrologic engineering upon graduation. 

 

Sarah Bradley 

Sarah is a civil and environmental engineering and Spanish double major from Wheaton, Illinois. 

This past summer she interned at a Jacob and Hefner Associates in Downers Grove, Illinois 

where she participated in the preliminary engineering of multiple site development and roadway 

design projects. Sarah enjoys cooking, reading, and anything active. After graduation, Sarah 

hopes to combine her Spanish skills with her technical knowledge in order to meet the needs of 

others through humanitarian work. 

 

Jason Eisenhart 

Jason is a civil and environmental engineering major from Danville, Indiana. This past summer 

he was an engineering technician for Weaver Consultants Group in Grand Rapids, Michigan. 

Jason enjoys reading, grilling out, and watching and playing sports. After graduation, Jason plans 

on pursuing a career in hydraulic or environmental engineering. 

 

Ross Vander Meulen 

Ross is a civil and environmental engineering major from Holland, Michigan. This past summer 

he participated in Jubilee Fellows, where he interned with a pastor at a church in Portland, 

Oregon. Some of Ross’s favorite hobbies include reading books and biking. After graduation, 

Ross plans on pursuing a Master's of Science in environmental engineering. 

1.2.2 Team Responsibilities 

Sarah and Jason are in charge of looking at the water quality of the collected runoff and 

determining how the water needs to be treated. Ross and Noah are in charge of examining the 

water demand data and making sure our proposed design meets these demands. In addition, Noah 

and Jason are in charge of the GIS model. 

1.2.3 Time Management 

Our team meets every week and during this time we look ahead and plan out what needs to be 

done over the next week. When scheduling issues arise, we try and figure out a different time 

when everyone can meet. In a given week, everyone spends approximately five hours each on 

the project. 
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1.2.4 Team Communication 

Throughout this project we will be communicating with Professor Wunder and Professor 

Hoeksema and they will be communicating with Professor Bert de Vries and other contacts in 

Jordan to gather information and data for our project. Prof. De Vries is the director of the Umm 

el-Jimal project and has been working on the site for 50 years. Professor Wunder is the director 

of the Clean Water Institute of Calvin College (CWICC) and Prof. Hoeksema is working for the 

CWICC assisting on the hydraulic model of Umm el-Jimal. 

 

1.3 Umm el-Jimal, Jordan Background 

Umm el-Jimal, Jordan, located near the Mediterranean Sea, experiences two seasons: a rainy 

season and a dry one. Because there is essentially no rain from May until October, thirty-eight 

reservoirs and many more collection channels were constructed during the Nabataean, Roman, 

and Byzantine (330-1453 A.D.) eras to collect and store rainwater runoff. This provided 

sufficient water for domestic and agricultural use for local communities. These channels reached 

for kilometers throughout the watershed, stretching into modern-day Syria. 

A similar water collection and storage system was used in Umm el-Jimal until the mid-twentieth 

century when modern technology provided the ability to use water from deep-water wells. These 

wells provided for the irrigation needs of the mega-farms. However, the use of these deep-water 

wells provided some unforeseen consequences. These wells have been over pumped causing a 

dramatic drop in the water table. Additionally, the Roman-era reservoirs and their corresponding 

channels have been neglected. These constraints have led many Umm el-Jimal natives to import 

municipal water to meet their horticulture and domestic needs. 

This project seeks to reactivate these Roman-era reservoirs to supplement the water from the 

deep-water wells. Additionally, through other preservation work in coordination with the Umm 

el-Jimal Project and preservation efforts of the design team, an increase in tourism and education 

should be a major outcome. 

 

1.4 Project Statement and Objectives 

Currently, the country of Jordan as well as the Middle East is facing a water crisis in which there 

is a shortage of clean water. The Calvin College Clean Water Institute is partnering with Bert de 

Vries on his work with The Umm el-Jimal Project. This project works on historical preservation 

of the archaeological site near the village of Umm el-Jimal. The Clean Water Institute has 

partnered with this project to provide solutions to the water crisis. The design team is joining this 

effort with the following objectives: 

1.     To reactivate Roman-era reservoirs to supplement the current water available in Umm el-

Jimal, Jordan for agricultural and domestic use. 

2.     To treat the water collected in the reservoirs to meet international potable water standards. 

3.     To respect the archeological site through culturally aware design practices. 
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1.5 Identification of the Client 

The people of Umm el-Jimal are the main client.  It is the main priority of this project to provide 

enough clean water to supplement their current water distribution system to meet current 

demands.  Our secondary clients are the Clean Water Institute of Calvin College and the Umm 

el-Jimal project.  The Clean Water Institute strives to "unite the gift of a higher education with 

the heart of Christ to meet one of the world's most basic needs."  Primarily the institute works on 

water related projects in developing countries.  The Umm el-Jimal project was started in 1972 by 

Professor Bert De Vries of Calvin College, with the aim of continuing archaeological research in 

the village of Umm el-Jimal, Jordan. 

 

1.6 Design Norms 

Throughout the engineering education at Calvin College, students learn how to incorporate 

Christian values into engineering work.  This can be done through implementing eight design 

norms into projects, which include the following: Cultural Appropriateness, Transparency, 

Stewardship, Delightful Harmony, Justice, Caring, Trust, and Humility.  Each of these play a 

role in influencing the final design for this project. 

When considering cultural appropriateness, the team needs to make sure the design is respectful 

of the Jordanian culture, since the project takes place in Jordan.  If the design works well but 

does not respect Jordanian culture than the design will still be a failure. This will be particularly 

difficult because the team has little understanding of Middle Eastern culture and no 

communication with locals. Therefore, the cultural expert for the team is Professor Bert de Vries, 

who is currently in Jordan making communication difficult. 

The design needs to be transparent so that the Clean Water Institute and the Umm el-Jimal 

project can move forward with the design and potentially implement the project in the future.  

The Umm el-Jimal project has been ongoing since 1972, and it will continue long after this 

project is completed.  Therefore, transparency is important so that the design can be understood 

and used in the years to come. The team must also be transparent with the client about the 

assumptions made in design since actual data will result in slight changes to design. 

Since the project takes place in an archaeological site, the idea of stewardship influences the 

design by ensuring that the team does not destroy or negatively affect the site.  Also, the main 

goal of the project is to revitalize the site so that people can see the history come to life while 

utilizing the valuable resource of water in a water scarce country. 

God calls Christians to care for others, and providing water for those in need is an act of caring 

and justice.  Jordan is among the top five poorest countries in the world with regards to water 

scarcity.  In addition, the design needs to be trustworthy and reliable, meaning corners cannot be 

cut, and a poor design cannot be recommended at the completion of the project. 

With delightful harmony in mind, the design needs to be in harmony with the people of Umm el-

Jimal, their values, and the purpose of the archaeological site.  The team needs to approach the 
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project with humility by realizing this project is part of the larger goal of providing a reliable 

water source for the people of Umm el-Jimal. However, this goal must remain in the perspective 

of understanding that all humans are fallen.  

 

1.7 Foreseen Challenges 

Working on a project in another country, another time zone, and another culture causes many 

potential challenges. There are many reasons that communication could be slower than desired. 

Since the people in Umm el-Jimal will be completing tasks for both the Clean Water Institute 

and Bert de Vries, only some of the information sent to us will be relevant to the water 

reactivation project. Additionally, there will be cultural differences in regard to timeliness in 

communication with Jordanian workers.  

However, the cultural difference in the view of time is not the only difference that the design 

team needs to take into consideration. Since no one on the team has been exposed to Jordanian 

culture, there may be situations where the design team completes a task in an acceptable way 

according to the team standards, but might be offensive in the Jordanian culture. The design team 

values cultural awareness, and aims to center the project around the needs of the people of Umm 

el-Jimal. There may come a point, however, where cultural differences will cause the design to 

be less effective for the Jordanian people. 

A final problem that the team is currently managing and will likely continue to manage is the 

timing of receiving data. The team is currently anticipating three key studies. Since this 

information is currently unavailable, the team has made multiple assumptions that they hope to 

either validate or change when adequate data becomes available. 

The first is the results from a water demand survey that was sent out earlier this year. This data 

should give an estimate of how much water the people of Umm el-Jimal have and what they use 

it for. It will also give an estimate of how much water they would use if it were to become 

available and for what they would use it. The team has assumed that they would like to use 200 

liters per person per day of water. They have also assumed that each household has access to 100 

liters per person per day of water, since this is five times greater than the amount needed for 

minimal health and hygiene ("Global Water Supply and Sanitation Assessment"). Additionally, it 

is unfeasible to more than double their current water supply. Since it is still unclear what 

purposes they intend to use this water for, the team has assumed that it should all be treated for 

potable use, as this is the most conservative assumption. 

The next key piece of information that the team anticipates receiving is a hydraulic model of the 

site. This should provide an estimate of how much water is collected on the site throughout a 

given year. The team has decided to assume that attaining the quantity of water desired will not 

be an issue until this assumption is proven to be wrong. 

A final set of data that the team anticipates is the results from a water quality test that will occur 

early into the spring semester. This will list the concentrations of contaminants that need to be 

removed before the water is distributed to the town. The team has researched water quality 
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within 100 miles of Umm el-Jimal to anticipate what contaminants need to be targeted in the 

water treatment process. 

Though the team has faced, is facing, and will face many difficulties, they are confident that a 

feasible solution will be reached. 
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2. Design Requirements 

The basic requirement of this project is to take water from the archaeological reservoirs in Umm 

el-Jimal, Jordan, make it potable, and distribute it to the surrounding community.  This will 

involve three main aspects: water distribution, water treatment, and preservation of the 

archaeological site. 

2.1 Distribution 

The proposed system must be able to transport water from the existing, archaeological reservoirs 

in an appropriate manner so that it can be tied into the current water system of Umm el-Jimal.  In 

addition, the system must be able to provide enough volume of water to meet growing water 

demands of the city. 

2.2 Treatment 

The proposed treatment must adequately address the water quality issues found in the water of 

the reservoirs.  The treated water must meet standards set by the World Health Organization and 

the country of Jordan. 

2.3 Preservation of Site 

The design must take into account its impact of the archaeological site.  For this reason, an 

archaeological impact assessment must be done.  The goal of the project is to reactivate and 

utilize these reservoirs without compromising the integrity of the site.  This will entail 

conserving as much of the site as possible, only digging where permissible, and carefully 

selecting backfill material and ways of accessing water from the reservoirs. 

2.4 Deliverables 

The deliverables for this project include the following: 

1. Project Proposal and Feasibility Study 
2. Final Report 
3. Preliminary Construction Plans 
4. Design Notebook 
5. Team Website 
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3. Research 

3.1 Initial Data from Clean Water Institute 

Once the team decided to partner on this project with the Clean Water Institute, initial data was 

received from Professor Wunder and Professor Hoeksema. The initial data received includes 

Geographic Information Systems (GIS) data of the Umm el-Jimal region, the diaries of team 

members who were on-site, and an annotated bibliography of potential resources. All of this data 

is essential for documenting current conditions and for the team to better understand the context 

of the project. GIS data will play a significant role in future modeling of our proposed solution. 

The diaries and bibliography have provided valuable information during the research phase for 

this semester.  

3.2 Further Research 

Since the goal of this semester was to understand and document the current conditions 

surrounding the project, we focused our research on two topics: design constraints when 

preserving a historical site and potential local water quality issues. We chose to divide and 

conquer for this portion so that a team of two could work on understanding each topic. 

3.2.1 Design Constraints when Preserving a Historical Site 

Since the project revolves around an archaeological site, a certain level of caution must be taken 

into consideration when proposing a design solution. However, most design work is not normally 

done on an archaeological site in an international setting. Therefore, the team used work done in 

national parks and historical sites as a baseline comparison. 

One recommendation found from the research is that the team performs an archaeological impact 

assessment, which states the precautions taken to minimize the impact on the site. Other 

components to consider include character defining elements of the site, conservation of the 

natural environment, and respecting the physical integrity of the site. Understanding the 

character defining elements allows the team to determine which reservoirs can be used and 

where on-site pipe is able to be laid. To maintain the physical integrity of the site, the choice of 

materials for backfilling pipes will not change the soil types of the area. 

3.2.2 Potential Local Water Quality Issues  

To use the water currently being stored on-site, the quality of the stored water must be 

understood before using the water for potable use. Since water quality data for the reservoirs will 

not be taken until early spring, some assumptions were made for this project. Research on water 

quality in the region focuses on other data and reports on tested water within a fifty to one-

hundred-mile radius of the site. Compiling this data will allow the team to determine the extent 

of treatment necessary to make the water ready for potable use. 

Another consideration when determining the best treatment option is water quality standards. 

While most countries have their own standards for potable water quality, the main sources the 

team found include Jordanian standards and international standards determined by the World 

Health Organization (WHO). 
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4. Task Specification and Schedule 

4.1 Completed Work 

The team began the semester focused on developing appropriate design criteria for the project. 

Since there are no clear standards for development through archeological sites, research was 

being conducted to determine what standards are used in preserving historical and natural sites 

for national parks. Research was also conducted to see the most probable contaminants that will 

be collected in the reservoirs since water quality data is not due to arrive until the spring. The 

team spends around 8 man-hours per week on this research. 

While working on better constraining the project, the team also designated one member to keep 

the website up to date throughout the year. The team spends around 1 man-hour on the website 

per week. 

Finally, the team properly documented the work they have done and plan to do through writing a 

Project Proposal and Feasibility Study and presenting on their work throughout the semester. The 

team spends about 4 man-hours on this per week. 

4.2 Future Work 

By the beginning of the spring semester, the team hopes to have the results from the water 

demand survey and a working hydrologic model. This will allow them to verify or change some 

fundamental assumptions made for the proposed design. 

In the coming months, construction documents for transportation of water from Roman-era 

reservoirs to city of Umm el-Jimal will be made. These will specify how many reservoirs will be 

reactivated, the proper pumps and their controls, the location of transmission mains, and 

specifications for maintaining the archeological and historical integrity of the site. The team 

plans to spend 8 man-hours per week on this. 

The team will also specify the scale of the water treatment process and further define the 

treatment process. The team plans to spend 8 man-hours per week on this task. 

Finally, the team will document their work by writing a final report and participating in multiple 

presentations. The team plans to spend 8 man-hours per week on this during the end of the 

semester and less during the beginning of the semester.  
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5. Design 

The project design can be broken down into two parts. The water treatment and the water 

transmission.  

5.1 Treatment 

5.1.1 Treatment Criteria 

The different treatment criteria can be separated into three parts: contaminant levels, water 

quantity, and financial cost. The aesthetics of this portion of the project is not being considered 

as it will be an offsite storage site away from the community and any tourists. 

5.1.1a Contaminant Levels 

A contaminant is any chemical, biological, or physical substance in water. The United States 

Environmental Protection Agency (EPA) has made maximum contaminant levels (MCL) for 

such contaminants. The maximum contaminant levels are the concentrations of a contaminant 

that a person can be exposed to over a lifetime with no adverse health effect. The World Health 

Organization (WHO) and the Jordanian government have made similar sets of standards. The 

standards set by the Jordanian government seem to be based on the standards set by the WHO, 

but are somewhat less detailed. The team believes that the standards set by the EPA will not be 

economically sustainable for supplementing a community of 5000 people in Jordan. For that 

reason, the team has decided to design water treatment to follow the WHO standards. Where 

there is a lack of standard from WHO, the standard from the EPA will be used. When neither the 

WHO nor the EPA have published standards on a specified compound, it is assumed that there 

are no adverse health effects from said compound. 

When thinking about water quality, it is important to take into consideration major, minor and 

trace ions within the water.  

Major ions make up around 90% of the dissolved solids in water. These include sodium (Na+), 

calcium (Ca2+), potassium (K+), magnesium (Mg2+), sulfate (SO4
2-), chloride (Cl-), bicarbonate 

(HCO3-), and carbonate (CO3
2-). Major ions are found in concentrations greater than 1 mg/L. Not 

all of these ions, however, are problematic. Given the frequency and concentration of these ions, 

the designed treatment process must account for each of them. 

Minor ions include nitrate (NO3-), phosphate (PO4
3-), fluoride (F-), iron (Fe3+ or Fe2+), boron 

(B3+), and strontium (Sr2+). These ions are found in concentrations between 0.1 mg/L and 1 

mg/L. Fluoride, boron, and strontium are not commonly reported in water quality studies, and 

therefore will be assumed to be in negligible quantities. Since nitrate and phosphate commonly 

contaminate water from agricultural runoff and there is a lot of agriculture upstream of the 

reservoirs, special attention will be paid to these contaminants.   

Trace ions are found in concentrations less than 0.1 mg/L. These include arsenic, lead, and 

cadmium. Since none of these metals have come up in the initial water quality research, the 

water treatment process will not be designed for these metals. This is subject to change upon 

reception of the water quality data due to arrive in the spring. 
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The geology of Umm el-Jimal, Jordan is comprised mostly of volcanic basalt. Basalt is 

comprised of three main minerals: olivine, pyroxene, and plagioclase. As rainwater flows over 

the basalt on the way to the reservoir, weathering and erosion may occur. It is likely that the 

additional ions that would dissolve into the runoff water are silicon (Si4+), aluminum (Al3+), zinc 

(Zn2+), lithium (Li+), and manganese (Mn2+).  

Other chemical properties of water that should be taken into consideration in the water treatment 

process would be the dissolved oxygen (measured as BOD and COD), turbidity, temperature, 

specific conductance, total dissolved solids, pH, and alkalinity.  

Table 1 below shows the standards set by the WHO for the relevant contaminants and properties 

of drinking water along with any additional notes regarding a specific contaminant. 

 

Table 1: Probable water contaminants and their corresponding maximum contaminant levels 

Contaminant WHO Standard Additional Notes 

Major Ions   

     sodium (Na+) 200 mg/L Taste threshold 

     calcium (Ca2+) 100-300 mg/L Taste threshold 

     potassium (K+)   

     magnesium (Mg2+)   

     sulfate (SO4
2-) 250 mg/L* For aesthetics rather than health reasons 

     chloride (Cl-) 250 mg/L* For aesthetics rather than health reasons 

     bicarbonate (HCO3
-)   

     carbonate (CO3
2-)   

Minor Ions   

     nitrate (NO3
-) 10 mg/L*  

     phosphate (PO4
3-)   

     iron (Fe3+ or Fe2+) 0.3 mg/L* For aesthetics rather than health reasons 

Geology Specific Ions   

     silicon (Si4+)   

     aluminum (Al3+) .2 mg/L Based on optimization of coagulation process 

     zinc (Zn2+) 5 mg/L* For aesthetics rather than health reasons 

     lithium (Li+)   

     manganese (Mn2+) 0.05 mg/L* For aesthetics rather than health reasons 

Chemical Properties   

     dissolved oxygen   

     turbidity  1 NTU*  

     temperature   

     specific conductance   

     total dissolved              

.    solids (TDS) 

600 mg/L   

     pH 6.5-8.5* For aesthetics rather than health reasons 

     alkalinity   
*EPA maximum or secondary maximum contaminant level 
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5.1.1b Water Quantity 

Every treatment process is designed for a certain capacity. The designed system needs to 

optimize storage capacity. Based on a population estimate of 5000 people ("Population of Cities 

in Jordan"), a total water usage per person per day estimate of 200 liters, a current water 

availability per person per day estimate of 100 liters, and the number of dry season days of 241 

("Average Weather in Umm al Jimal"), it is estimated that they maximum potential storage 

required will be 120,500 cubic meters. Additionally, the design will have to have a daily 

treatment capacity of 500 cubic meters. Full calculations for these numbers can be found in 

Appendix C. 

5.1.1.c Financial Cost 

The minimum wage in Jordan is around $10.33 per day ("Jordan: Government Decides to Raise 

the Minimum Wage"). If a person in Jordan uses 200 liters of water per day and pays $0.002318 

per liter ("Residential Water Prices"), they will spend 4.5% of their income on water. In the 

United States, under the assumption that a person works forty hours a week, the minimum wage 

average daily income is $42.00. Buying the same 200 liters of water for a citizen of the United 

States is only 1.1% of their income. Keeping the cost of water treatment to a minimum allows 

the people of Umm el-Jimal to be able to afford the water. Since the goal of this project is to 

supplement their current water supply, price is of the utmost importance. 

 

5.1.2 Treatment Alternatives 

The water treatment method consists of several different parts, and most parts have several 

alternatives to choose between. The first decision to be made is the timing of the treatment. From 

there the treatment process includes four steps: sedimentation, filtration, sorption, and 

disinfection. 

5.1.2a Treatment Timing 

The team is considering three alternatives for treatment timing. The water can be treated before 

storage and distribution (pre-treatment), after storage and before distribution (post-treatment), or 

after storage and distribution (point-of-use treatment). The main difference between pre-

treatment and post-treatment timing are the storage requirements. If the water is treated before it 

is stored, the storage facility will have additional sanitary requirements to prevent 

recontamination. The two main differences between these centralized alternatives and point-of-

use treatment are the quality of the water and the cost of treatment. The quality of water through 

centralized treatment is higher, which will increase health and productivity among the people of 

Umm el-Jimal. The cost of centralized treatment is also greater.  

5.1.2b Sedimentation 

There is currently a sedimentation structure before the entrance of the Reservoir 13. Since 

Reservoir 13 is currently the only source of water for the proposed project, an additional 

sedimentation step will not be needed. 
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5.1.2c Filtration 

Slow-sand and membrane filtration were the two filtration methods considered for the proposed 

design. These two methods of filtration are comparable in the percentage of particles removed 

from the water. The benefit of slow-sand filtration is that it is more economically feasible. 

Membrane filtration, however, is more condensed and therefore takes less land. 

5.1.2d Sorption 

A sorption step is needed in the water treatment process when there are high quantities of organic 

matter. Since one of the main sources of contamination is from agricultural runoff, it has been 

assumed that organic matter along with residual from the herbicides and pesticides will be 

contaminants in the water. The only sorption method considered for this project is the 

combination granulated activated carbon (GAC) and powder activated carbon (PAC), because it 

is more cost effective than using just GAC or PAC. 

5.1.2e Disinfection 

The two most common mediums of disinfection are chlorine and ultraviolet (UV) light. Within 

the chlorine medium, there are four alternatives considered: gaseous chlorine, liquid chlorine 

(monochloramine), and solid chlorine (sodium hypochlorite).  

Chlorine gas can easily be used for large scale terrorism. Since the terrorist attacks on the World 

Trade Center in 2001, there has been a move from gaseous chlorine to other forms of 

disinfection in the United States.  

Sodium hypochlorite is a safer alternative than gaseous chlorine and is nearly equal in cost, 

though it is more expensive. Unfortunately, it produces disinfection by-products (DBPs), which 

are harmful to the environment, and has some stability concerns. 

Monochloramine does not produce any DBPs and has a proven taste and odor. It is more 

expensive than the other two forms of chlorine disinfection. There are also safety and security 

concerns involved with using it, and it involves a more complicated disinfection process.  

UV disinfection is safe and produces no DBPs. It requires large quantities of energy needs and 

its efficiency is highly dependent on the turbidity of the influent.  

 

5.1.3 Treatment Decision 

5.1.3a Treatment Timing 

Table 2: Treatment timing decision matrix 

 Weights Post-Treatment Pre-Treatment Point-of-Use 

Treatment 

Financial Cost 7 6 5 9 

Convenience 5 8 8 6 

Water Quality 8 10 8 6 

TOTAL - 162 139 141 

 



14 

The decision matrix seen above in Table 2 was used to help determine if water treatment should 

be conducted after transmission but before storage, be conducted after transmission and storage, 

or if treatment should be left to the user when necessary. It was decided to treat the water after 

storage since it received the highest number on the decision matrix. This method scored in the 

middle for financial cost. It would cost more than treating water in house, but less than storing 

treated water as there are more sanitation requirements. It scored the highest for convenience 

since the water would be treated and ready for ingestion as soon as a villager wants it. Finally, 

this method scores highest for water quality since if the water is treated and then stored for long 

periods of time, there is a chance of recontamination. Additionally, if large quantities of clean 

water are stored and the tank has a minor leak in it, all the water is compromised. In house 

treatment scored the lowest on water quality. This decision is based on the current assumption 

that the people of Umm el-Jimal want the extra water for domestic use. When the water demand 

survey data arrives, this decision may change. 

5.1.2b Filtration Method 

Table 3: Filtration method decision matrix 

 Weights Slow-Sand 

Filtration 

Membrane 

Filtration 

Financial Cost 10 8 6 

Capacity 8 9 5 

Efficiency 7 9 9 

TOTAL - 215 163 

 

The decision matrix seen above in Table 3 was used to determine which filtration method will 

optimize the proposed design. As shown by the decision matrix, slow-sand filtration is the best 

option. It scored equal to or higher in every category than membrane filtration. The increased 

capacity means that more land is needed for treatment, but land in not a limitation in this project. 

The main cost in slow-sand filtration is the sand, and the overall cost is lower than membrane 

filtration. Slow-sand filtration and membrane filtration have similar efficiencies. Since it costs 

more for membrane filtration to meet the efficiency of slow-sand filtration, the later was chosen. 

5.1.2c Disinfection Method 

Table 4: Disinfection method decision matrix 

 Weights Gaseous 

Chlorine 

Sodium 

Hypochlorite 

Mono-

chloramine 

Ultra 

Violet  

Financial Cost 10 10 8 2 2 

Safety and Security 8 2 8 2 7 

Environmental Impact 

(DBPs) 

6 4 4 10 10 

User Friendliness 2 8 8 4 4 

Storage 2 8 10 2 7 

Public Perception 4 6 6 10 6 
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Stability 2 8 4 8 8 

TOTAL - 212 236 164 198 
 

The decision matrix seen above in Table 4 was used to determine which disinfection method will 

optimize the proposed design by analyzing each method with regards to different method 

aspects. The team has decided to use sodium hypochlorite in their disinfection step. Though 

many design aspects were considered, the three deciding factors were the cost, the safety and 

security, and the environmental impact of DBPs. Sodium hypochlorite is a relatively economical 

option, though not the least expensive. It also provides the highest levels of safety and security 

and has a relatively low environmental impact.  

5.2 Transmission 

5.2.1 Transmission Criteria 

When determining the method of transmitting water off the archaeological site, the following 

three criteria were applied to each of the alternatives. 

5.2.1a Aesthetics 

Since the majority of water transmission will occur on the archaeological site, the method chosen 

must pleasing to view while also contributing to the authenticity of this archaeological site. The 

general audience of those viewing water transmission include the local people walking through 

site daily, tourists observing the UNESCO World Heritage Site, and archaeologists continuing to 

excavate the site for artifacts. One aesthetic consideration specifically to benefit tourists and 

archaeologists is the incorporation of character defining elements into the design. A character 

defining element would be historically accurate and connect with other existing structures on the 

site. 

5.2.1b Financial Cost 

As with any design project, the financial cost of implementation holds significant weight in 

deciding which alternative is chosen. Regarding transmission, general costs to be accounted for 

include excavation costs, piping costs, and potential cost of a pump. All cost calculations for this 

project will be done in US dollars, but purchasing upon implementation will likely be done in the 

Jordanian dinar. 

5.2.1c Excavation 

Finally, one criteria of specific focus since transmission will occur on an archaeological site is 

excavation. Since the Umm el-Jimal Project is internationally protected as a UNESCO World 

Heritage site, excavation for water transmission will be limited if possible at all. The entire site 

has not been excavated for artifacts yet, so implementing water transmission must not disturb 

any historical elements. Another factor to be considered with excavation would be any necessary 

equipment used must not destroy anything on this site. 
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5.2.2 Transmission Alternatives 

The three design alternatives being considered for water transmission: buried pipe, above ground 

pipe, or open channel flow. 

5.2.2a Buried Pipe 

Of all three alternatives, buried pipe will require the most excavation because pipe must be 

placed deep enough to not be affected by activity on the surface.  This causes significant 

complications because excavation on an archaeological site other than for finding historical 

artifacts is not allowed.  All digging would have to be preapproved on multiple levels including 

the Umm el-Jimal Project, the local government, and potentially the international level. Damage 

to the site could happen easily during both construction and further maintenance because of 

construction equipment and potential pipe breaks.  Despite these concerns, buried pipe maintains 

the aesthetic integrity of the site by hiding water transmission.  Also, safety issues are minimized 

because there is no risk for children or adults walking through the site. 

5.2.2b Above Ground Pipe 

In order to mitigate the excavation problem associated with buried pipe, above ground pipe 

limits the amount of excavation that needs to be done. However, above ground pipe will likely 

disrupt the current aesthetic integrity of the site. As a UNESCO World Heritage site, the Umm 

el-Jimal project attracts tourists and archaeologists interested in the historical value of the site. 

By incorporating modern infrastructure into the design, the historical significance of artifacts 

become diminished. In addition to creating an eye sore, it can pose safety risks for people who 

walk through the site, especially children walking to school daily.  One benefit of above ground 

pipe would be that it requires the least amount of labor, but the negative value of its location on 

an archaeological site far outweigh the benefit. 

5.2.2c Open Channel Flow 

The main reason for considering open channel flow as an alternative is because an open channel 

matches the current system that provides water to the on-site reservoirs.  Although excavation 

would be required for an open channel, it also provides some aesthetic value to the site by 

reinforcing an existing system for water transmission, which is considered a character defining 

element of the site.  In addition, open channel design is similar to historical water transmission 

methods applied by the Romans, such as aqueducts. Some concern is valid that an open channel 

might pose some safety issues for people walking through the site. However, considering the 

method is currently being used, the safety risk is minimal. Also, design of an open channel could 

run parallel to existing paths on the site to reduce the risk of danger. 

5.1.3 Transmission Decision 

Table 6:Transmission method decision matrix 

 Weights Buried Pipe Above Ground 

Pipe 

Open Channel 

Flow 

Financial Cost 6 3 5 7 

Aesthetics 8 6 2 7 

Excavation 5 2 8 6 

TOTAL - 76 86 128 
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The decision matrix seen above in Table 5 was used to determine which alternative will be 

implemented into the design. The recommended alternative for water transmission is open 

channel flow because it holds the highest score on the decision matrix. Financial cost is highest 

for open channel flow because only earthwork and a pump is necessary with no piping. Channel 

lining, if considered, will add an additional cost. Aesthetically, open channel flow did not score 

the best because transmission is not completely hidden like buried pipe. However, it scores 

relatively well because it incorporates a character defining element into the design since water 

already enters the existing on-site reservoir via open channel flow. Finally, although some 

excavation will be necessary to create the channels, open channel flow sits in between extensive 

excavation for buried pipe and none for above ground pipe. Therefore, open channel flow is the 

best choice among the three alternatives considered. 
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6. Modeling 

Due to the quantity of assumptions made regarding water demand, water supply, and water 

quality, the team has deemed modeling work too variable to be effective at this point. Most of 

modeling will be in the transmission of the water. The water demand data and precipitation data 

will help in determining approximate volume of water currently being stored, as well as the 

amount of water used by the community. Currently the team is operating under the assumptions 

that the village of Umm el-Jimal has a population of 5,000 and the water demand is 200 liters per 

day per capita. From this information, the feasibility of a pump to transmit the water to the off-

site storage facility will be considered. There is a lot of variability in what modeling will look 

like next semester because variables with influence are likely to change as more data is received. 

Potential modeling software includes HEC-HMS, HEC-RAS, or EPA SWMM. 
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7. Cost Estimate 

Table 6: Project Cost Analysis 

Item Quantity Units Unit Cost Total Per Item 

Water Transmission - - - $115,900 

Pump 2 
Pump with 180 
GPM capacity 

$1,000 $2,000 

Earthwork 1,215 Cubic yards $41 $50,000 

Channel Lining 21,300 Square feet $3 $63,900 

Water Storage 3,000,000 Gallons $0.40 $1,200,000 

Water Treatment - - - $1,700,000 

Slow Sand Filtration 87,000 Gallons per day $8.05 $700,000 

Sorption 87,000 Gallons per day $9.77 $850,000 

Disinfection 87,000 Gallons per day $1.72 $150,000 

   GRAND TOTAL $3,015,900 

Key Assumptions: 

1. 120,000 cubic meters of water transmitted per year 

2. 180 gallons per minute pumping requirement with 8-hour daily operation 

3. 500 meters is the distance from main reservoir to desired storage facility 

4. Channel cross section is 5 feet wide by 4 feet deep 

5. Storage facility is constructed of prestressed concrete aboveground 

6. No annual maintenance costs were considered in Table 6 but discussed in Appendix E 
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8. Conclusion 

The semester began with an exciting design project on the other side of the world with resources 

both in Jordan and at Calvin College. Very quickly, however, the excitement of an international 

project wore off and the reality of slow communication, a lack of data, and no way of getting 

data for ourselves set in. What began as initial research of developing on an archeological site, 

and the probable contaminants that would be found in the reservoirs turned into researching in 

order to make assumptions about the needs of the community we hope to help. It has been very 

challenging to make decisions when they are based on so little data. While it is true that in design 

work it is always necessary to make some assumptions, the quantity of assumptions that have 

been made on this project far surpass the amount plausible in order to make an effective design. 

The best that can be done until further data arrives is propose a design that would work 

effectively based on our assumptions. 

The proposed design is as follows. The water from Reservoir 13 will be pumped up to an open 

channel upon the reservoir becoming 80% full. The pump will turn off when the reservoir is 50% 

full. This will be aesthetically appealing for tourism. There will be an override to the pump to 

empty the reservoir at the end of the rainy season to maximize the water collected. The water 

will flow through the open channel to an offsite storage reservoir. This reservoir will be large 

enough to hold the yearly water supply desired (found in Appendix C) of 120,500 cubic meters. 

The water treatment process will have the capacity to treat the daily water supply desired of 500 

cubic meters. The treatment process will include slow-sand filtration, a combination of 

granulated and powdered activated carbon for sorption, and a disinfection step using sodium 

hypochlorite. The water will be available for public access from a centralized distribution site 

such that most of the villagers are of walking distance away from this site. The cost of the water 

transmission will be $115,900. The cost of the water storage will be $1.2 million. The cost of the 

water treatment will be $1.7 million. The overall cost of the project will be $3,015,900. The 

annual maintenance cost will be $2,000. The overall feasible cost for this project is $17 million 

(see Appendix E). Since the overall feasible cost is greater than the cost of building the project, 

the project has been deemed feasible. 

The team is hopeful to have both water demand data and a hydrologic model by the beginning of 

next semester. With more accurate numbers, the spring semester will be focused determining a 

transmission path for the water, modeling the transmission of the water, adjusting the water 

treatment process based on more accurate numbers, and preparing construction documents as 

well as a final report. 

If the team had been in maintained contact with the people available at Calvin earlier in the 

semester, finishing the design near the end of the semester would not have been as rushed. The 

team plans to have more consistent communication with the resources at Calvin in order to 

increase the fluidity of the design process and the effectiveness of the design.  
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Appendix A: Project Location Map 
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Appendix B: Annotated Aerial Image of Umm el-Jimal 
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Appendix C: Water Supplementation Quantity Calculation 

 

 

 

 

 

  

Assumed Values 

 Total water usage per person per day 

 Current water availability per person per day 

 Population of Umm el-Jimal 

 Number of dry season days 

 Number of rainy season days 

Calculation of yearly water supply desired 

 
Yearly water supply desired 

 

Calculation of daily water supply desired 

 Daily water supply desired 

 

Calculation of daily water demand in the rainy season 

 daily water supply required during the 

rainy season 

 

Wtot 200
L

capita day


Wcur 100
L

capita day


P 5000 capita

DSD 241day

RSD 124day

YWSD Wtot Wcur  P DSD

YWSD 1.205 10
5

 m
3



DWSD
YWSD

DSD


DWSD 500
m

3

day


DWDrainy
YWSD

RSD


DWDrainy 971.774
m

3

day
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Appendix D: Feasible Cost of Water Calculation 

 

 

 

 

  

Given Values 

 Total water usage per person per day 

 Current water availability per person per day 

 Minimum daily salary 

 Price of water 

Calculation of percent of income spent on water 

 Percent of income spent on project water 

 

 

 

Wtot 200
L

capita day


Wcur 100
L

capita day


salarymin 10.33
¤

day


pricewater .002318
¤

L


Percent income 100
Wtot Wcur  pricewater

salarymin



Percent income 2.244

Percent incometot 100
Wtot pricewater

salarymin



Percent incometot 4.488



27 

Appendix E: Feasible Cost of Project Calculation 

  Given Values 

 
Design life of project 

 Average of efficiency throughout design life 

 Yearly water supply desired 

 

Revenue from increased tourism 

*assumed value*  

 Price of water 

 

Average of the maintenance costs throughout 

design life 

*assumed value* 
 

Cost of treatment 

*assumed value*  

Calculation of revenue from water 

 

 

Calculation of revenue from tourism 

 

Calculation of total revenue 

 

 

Calculation of cost of maintenance 

 

 

lifedesign 50yr

efficiency .85

demand yearly
YWSD

yr


Incomes

Itourism 100000
¤

yr


pricewater .002318
¤

L


Expenses

Mproject 2000
¤

yr


Etreatment .0001
¤

L


Rwater demand yearly lifedesign efficiency pricewater

Rwater 1.187 10
7

 ¤

Rtourism Itourism lifedesign

Rtot Rtourism Rwater

Rtot 1.687 10
7

 ¤

Cproject Mproject lifedesign

Cproject 1 10
5

 ¤
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Calculation of cost of treatment 

 

 

Calculation of total cost 

 

 

 

Calculation of total feasible cost 

 

 

 

Ctreatment Etreatment demand yearly lifedesign

Ctreatment 6.025 10
5

 ¤

Ctot Cproject Ctreatment

Ctot 7.025 10
5

 ¤

Costfeasible Rtot Ctot

Costfeasible 1.617 10
7

 ¤
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Appendix F: Existing Reservoir Locations 
 

 


