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1. OBJECTIVES/BACKGROUND 
 
Objectives 
Engineers Without Borders chapters of the University of Minnesota, Virginia Tech and 
the Minnesota Professionals are partnering with the Uganda Rural Fund, a registered 
501©(3) non-profit, in Mulobere, Uganda (Figure 1) to create systems for locally 
sustainable rain water harvesting, ecological dry composting sanitation, and solar 
powered energy for the Hope Integrated Academy (Figure 1). The school will serve as a 
primary school, vocational school, computer center, and health clinic and will provide 
education to over 500 children and community members during the day. It will serve as 
an overnight residence for 300 of the students, mainly AIDS orphans, as well as for 
school staff.  

 
Background of Project 
Availability of nearby drinking water sources are turbid, contain bacteria, and fluctuate 
with the seasons. In order for the school to operate properly as a learning facility, a clean 
water supply must be available to both students and staff. The school currently uses two 
pit latrines for sanitation; these are neither sustainable nor hygienic. EWB University of 
Minnesota will generate a cohesive, locally sustainable solution to the Hope Integrated 
Academy's water and sanitation problems. The recommended solutions include the 
construction of a rainwater harvesting system that will provide water for the afterschool 
students and faculty.  An assessment of a possible groundwater well will also be 
conducted for possible implementation as the school grows to house 300 students and 
staff.  An ecological sanitation system will be implemented using dry composting 
techniques as a safe, sustainable solution. 

 

      
 
 

School layout and future development 
The school is located on a hill in Mulobere, Uganda.  Currently the schoolhouse, and a 

Figure 1: Location and picture of the Hope Integrated Academy. 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couple of houses owned by the family who are running the school are located on the 
property.  The Uganda Rural Fund has plans of expansions including housing for students 
and teachers, animal shelters, and other buildings for various uses (Figure 2).  The 
buildings currently on the property include Adrians house, Waliggo family house 
(neighbors property), Joseph’s house and Block I (current school building pictured in 
figure 1).  The future construction has not begun and is planned to start in the next 2-3 
years as soon as funding is made available. Topological data was also obtained during the 
assessment trip.  This data can be seen in Figure 3.   
 

 
 

 
 

 

 

 

 

 

 

Figure 2: Current and future development of property. 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2. WATER SUPPLY 
 
After the site assessment last summer a rainwater harvesting system was decided to be 
the best system to provide a reliable and sustainable water system to the students at the 
school.  Currently the Hope Integrated Academy provides after school classes to around 
200 students.  The school does not have access to a fresh water supply and currently does 
not provide water to its students.  The closest water supply is located 1 km away from the 
school.  The purpose of this implementation is to provide a fresh water source for the 200 
after school children and staff.  The school is in the process of expanding to a boarding 
school providing housing for up to 300 children in the next 2-3 years.   A rainwater 
harvesting system was chosen instead of a groundwater source due to the lack of 
information available on the hydrogeology of the area and the success rate of other 
groundwater projects.  In meeting with Uganda government officials during the 

Figure 3: Topological information for the school and surrounding areas dimensions 
are in feet. 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assessment trip a success rate of 20% was provided for actually obtaining a groundwater 
source with a known hydrogeology.  Due to the immediate need for a water source and 
the cost required to drill a well with only a 20% chance of finding water it was decided to 
implement a water system for the immediate future as well as assess the possibility of 
implementing a future groundwater well for the future expansion of the school.   
 
The rainwater harvesting systems comprises of three area: Rainwater interception and 
conveyance, rainwater treatment, and rainwater storage.  Each of these sections will be 
discussed separately with an overview of the system provided at the end. 
 
2.1 Rainwater Interception and conveyance optimization 

 
Gutter Sizing 
The fundamental necessity of a rainwater harvesting system is a flat surface to gather 
water.  The corrugated roofing recently installed on the orphanage will be utilized to 
obtain fresh water at a given intensity, which for design is conservatively estimated to be 
0.097 mm/s.  Along with intensity, the gutter system was designed based on roof area per 
downspout and gutter span (limited by the drop of gutter).  These parameters constrain 
the design because the capacity of the interception system is based on roof area, and the 
efficiency of the system is based on its ability to capture water.  The competence of water 
obtainment from roof structures involves many variables, all of which are described 
below: 
 

• Size: The fundamental idea of conveyance is that water flows downhill.  
Therefore, the slope of a gutter system is inherent in its design.  This slope results 
in a mean drop of the gutter over a given distance.  The effects of the reduced 
mean drop and increased exit velocity, will cancel within the realm of concern.  
This means that the gutter system should not be optimized for either the vertical 
drop or the exit velocity, but rather other parameters that will work to keep this 
system within our region of interest and feasibility.  We can therefore size the 
gutter system based on roof area and gutter length.  We can also take roof slope 
into account, but this will be a variable used when calculating gutter length.    

 
• Gutter Shape: The spectrum of common gutter cross sectional shapes include: 

rectangles, squares, trapezoids, circles, triangles and everything in-between.  It 
has been determined that square gutters convey less water than other common 
shapes due to the area of the cross section, and the lack of turbulent flow 
conveyed through this shape.  Many design catalogues recommend a trapezoidal 
shape, but a semi-circular shape is acceptable.  Since it is fairly unlikely that a 
trapezoidal gutter will be mass produced in Uganda, a semi-circular shape is ideal 
and will be used in the calculations.  The design gutter size is increased so that 
capacity at max flow is around 70% to accommodate for other gutter sizes.  
Circular gutters have been observed at Uganda stores, but if need be, they can be 
fashioned by cutting circular pipe in half.  Other gutter shapes can be created by 
bending aluminum sheet metal with the help of a minimal amount of tools. 
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• Gutter Material:  The optimal material for gutters in impoverished countries is 
aluminum, or a similar metal composite.  This material is light weight and smooth 
resulting in a minimal amount of friction.  However, PVC and other plastics can 
be used for piping. 

 
• Gutter Slope: A dual gutter slope method will be used.  This includes a slope of 

0.5% for 2/3 of the gutter run length, and a 1% slope for the remaining run.  0.5% 
was chosen as the first run slope because it is close to the minimum slope that 
water can be conveyed at.  This slope is however great enough so as to prevent 
mosquitoes from reproducing in it.  This provides for a minimal gutter drop, while 
maintaining optimal capacity.  The most efficient gutter slope is that of an always 
changing local slope of S=So(x/L)2.  This is however unlikely to obtain.   

 
• Gutter Length:   The maximum feasible gutter span is 16 m.  This was determined 

from the eventual gutter drop as visualized in following triangular assumption 
(Figure 4). 

 
 
 
                                     θ  
 
 
 
 
                                    θ   
             
 
 
 
  
 
 
This method assumes that water is flowing off of the roof at a slope that is equal to that of 
the roof.  This will not actually happen in real life due to the exit velocity of the water 
and the capillary bonding of the water.  However, this is a conservative estimate that was 
used in calculations.  With a 5" diameter gutter, the maximum drop of the gutter is 0.1 m, 
which results in a span length of 15.4 m using the dual slop method.  Therefore, a 5" 
gutter is used. 
 
All calculations can be view on the data sheet in appendix A. 
 

• Inside Edge: Because of the capillary action of water, the gutter must be at least 
20mm inside the edge of the roof.  This is used to capture all of the water that will 
drip from the roof instead of catapulting off of it.  This reduction in water capture 
diameter is taken into account when selecting 16 m to be the length constraint.   

 

Figure 4: Maximum feasible gutter span calculation.  Where θ = Roof 
slope, D – Diameter of Gutter, and H = Drop Length 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• Climate:  Within the humid tropics, climate is not critical and we many assume a 
representative rainfall intensity distribution. 

 
• Roof Type:  Corrugated iron roofs represent a worst case because they divert 

water into channels, which could result in an influx of water.  This is however 
unlikely for the magnitude of the design. 

 
• Gutter Capacity:  The maximum flow from the roof was computed by multiplying 

the intensity, by the area of roof, and a factor of 0.9 to take into account water, 
which has remained on the roof.  To determine if the 5" diameter gutter will 
provide sufficient capacity for this worse case roofing situation, the Manning’s 
equation is utilized. 

 
The Manning formula states: 

                                       
Where: 

n is the Manning coefficient of roughness- 0.012 for smooth metal 
V is the cross-sectional average velocity (m/s) 
Rh is the hydraulic radius (m) 
S is the slope of the water surface or the linear hydraulic head loss (m/m)  

   
The flow capacity of the 5" gutter is 0.0075 (m3/s) and the needed flow from the roof is 
0.0069 (m3/s).  This results in a 99.6% capacity obtainment.  A 5" gutter does not leave 
much room for implementation error, but the flow from the roof is at a very high design 
intensity and several other calculations have safety factors built into them. 
 
The gutter diameter design choice can be confirmed from the following chart of 
recommended gutter widths given roof areas based on a report performed in Kampala, 
Uganda.   
 
 
 

                                 
 

Table 1:  Recommended gutter widths for use in the humid tropics 
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Since our gutter width is 5"= 127mm.  A linear interpretation must be performed to 
obtain the optimal gutter width, using the following equation: 
 

                            
 
By imputing the gutter width as y and the roof area as x, the optimal gutter width is 
calculated to be 106.6 mm, which translates to 4.2".  Therefore, our diameter is greater 
then that recommended. 
 

• Placement:  The placement of the gutter system can be viewed in the project 
documents.  Any exposed gutter will be covered by chicken wire to protect from 
foreign objects even though there are no large trees present in the area.   

   
To obtain a maximum span of 50 ft, there will be three downspouts per side, with a total 
of 6 downspouts (Figure 5).  Each downspout will be serviced by a first flush system 
immediately after collection.  The water will then travel through 5" PVC piping where 
they will all meet at a conjunction located on the back of each side of the school building.  
From here the three PVC pipes (on each side) will join, and then be transferred to the 
holding tanks.  The capacity of the 5" pipes was deemed sufficient using the manning 
equation. The third PVC conveyance system is connected to the downspout located on 
the front of the school.  To keep the high aesthetic quality of the building, this water will 
be transferred through the building.  The greatest concern when running a pipe around 
children is preventing leakage and overall failure.  The pipes will be treated like all of 
those around the building by connecting segments together using pressure rated PVC 
cement sealant.  This should result in no leakage.  To prevent failure from tampering, the 
pipes will be placed at a height, which is out of the reach of any children, but will be 
serviceable by the staff.  The school is currently without ceilings, which will make it 
easier to place the piping.  There has also been desire for a ceiling to be placed in the 
future, so spacing will be provided so that the pipes will be above this ceiling. 
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Gutter Attachment 
The rainwater attachment system works by collecting rainwater flowing off of the metal 
roof of the school into gutters made by the EWB team, directed to a first flush tank.  To 
attach the gutters to the roof, a fascia made of plywood must first be installed.  The  

 

 
 
 
plywood will be cut, painted, and attached manually with nails to the rafters of the 
school.  Current resources are boards from the frame that extend to the edge of the roof 
(Figure 6). The type of timber, age, and expected time duration is unknown.  
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Figure 5:  Schematic of school roof with downspout locations 

Figure 6:  Pictures of school roof with frame board locations 
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The gutters selected are 5-inch gutters.  The gutter joints, end caps, corners, downspouts, 
and fascia brackets must be additionally purchased.  The gutter joints, downspouts, and 
elbows will be sealed with silicone to provide extra protection against weather.  
  

   

Downspout attachment 
Each downspout will be secured via the first flush system.  Two of the three runs of PVC 
piping (per school side) will be fastened using brackets and mason screws.  These 
connections were designed using Hilti manuals and standards, but the actual capacity of 
screws upon arrival will be unknown.  However, the basic mason screw and 2,000 psi 
concrete was used in the design, which provided for sufficient minimal design strength. 
The PVC run through the school will have vertical and horizontal stability, which is 
provided by the exterior walls, interior walls, and wire fasteners when needed. 
 
2.2 Rainwater Storage System 
 
Once the rainwater is conveyed off the roof and into a gutter system it will need to be 
stored for use during the dry seasons.  Multiple steps are involved in constructing a 
rainwater storage system.  The first step involves sizing the tanks for maximum storage 
without over sizing the system.  After that storage volume is determined the type of 
storage system is needed.  Finally, the location of the tanks and the water outflow from 
the system are determined. 
 
Sizing of storage tank 
The design of a rainwater storage systems is dependent on two parameters: rainfall and 
consumption.  Rainwater data was collected from two locations in both Entebbe at the 
international airport and Masaka located 45 km north of the Academy.  Average monthly 
values were provided.  The median was found for each data set and compared to each 
other (Figure 8).  Higher rainfall amounts were found in the Entebbe area than Masaka, 
but values were comparable between the two time periods of 1984-2000 and 1920 – 1944 
for Entebbe.  The data from the Masaka district was only available from 1920-1944.  
With the comparable values found in Entebbe we decided to use the data from Masaka 

Figure 7:  Picture of a similar gutter and fascia systems being installed in Uganda 
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from 1920-1944 as an estimate of the rainfall amount near the school.  
 

            
   
 

Once median monthly values were obtained for a location close to the school (Masaka), 
calculation were conducted to determine how much water would need to be stored.  Table 
2 shows the rainfall amounts, the amount of rainfall that could be collected from the roof 
of the building, the consumption and finally the total storage.  The depths used are the 
median monthly values for Masaka from 1920-1944 shown in figure 7.  The total 
collection was calculated by multiplying the rainfall depth by the total roof area of 461 
m2.  The consumption was determined by using the parameters for after school students. 
Since the school will only be used by a maximum of 250 after school students for at least 
the next 2-3 years this was used as the design criteria.  A consumption of 5 L per day was 
used for each student.  The UN suggests 14 L/day for a daily consumption, but since the 
students will only be on the school grounds for the afterschool program this values was 
decreased to 5 L/day.  Subtracting the consumption from the sum of the rainfall collected 
and storage from the previous month resulted in the total storage for that month. 
 
 

 
These calculations reveal a storage capacity of 91,000 L with around 12,000 L being left 
over after the completion of the dry season in February.   
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Figure 8:  Median monthly rainwater data from two Uganda Location 

Table 2:  Tank storage calculations 
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Storage Tank Construction  
With the value obtained of a 91,000L capacity two design options were compared for the 
storage of the rainwater.  The first option involved the construction of a two 50,000 L 
ferrocement tanks one behind each section of the building for a total storage of 100,000 
L.  The second design option included the purchasing of four 24,000 L  polytanks with 
two tanks being placed behind each section of the building for a total storage of 96,000 L.  
Each of these systems has their advantages and disadvantages detailed in Table 3.   
 

 
 

After considering both techniques it was determined that the use of polytanks would be 
the best design.  The risks of constructing a ferrocement tank without any prior 
knowledge of this construction out ways the benefits of added storage and lower cost.  
The added flexibility of the polytanks to adapt to the future expansion of the school and 
possible implementation of a future groundwater well also out way the added costs of this 
system. 

Table 3:  Advantages and disadvantages of polytanks and ferrocement tanks 

Advantages Disadvantages

Cost: Each tank would cost 

around $3000 for a total price of 

$6000

Construction time: Would 

require 2 weeks of construction 

if everything went smoothly

Larger Capacity: tanks could be 

constructed to hold 57,000 L a 

piece allowing for more year to 

year storage of water

Complexity: The construction 

requires techniques that the 

group is not familiar with 

experts would be needed to 

complete.

Permanent: The constructed 

tanks would be permanent not 

allowing for changes to the 

system for future expansion

Two tanks: two tanks would be 

used for each side of the 

building allowing for further 

removal of sediment and other 

materials from the water

Cost: the polytanks would be 

more than double in cost then 

the ferrocement tanks.  4 

24,000 L tanks @ $3,439 per 

tank = $13,756.

Flexibility: The tanks can be 

moved or adjusted for future 

expansion of the school

UV degradation: polytanks are 

susceptible to degradation by 

the sun.

Construction:  Tanks are already 

constructed reducing the 

implementation time needed to 

install

Ferrocement

Polytanks
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In order to obtain the required storage capacity four polytanks are needed to reach a total 
storage of 96,000 L.  The placement of the tanks will be behind the school with two tanks 
providing storage for each side of the school (Figure 9).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
The two tanks will be connected through PVC piping (Figure 10).  The rainwater form 
the roof will enter the first tank and travel to the second tank through a PVC connection.  
The outflow will be from the second tank.  A drain will be put in the first tank to remove 

Drain 

3.4 m  

Inflow 

Outflow 

3.22 m  

Overflow 

46.3 m 

14 m 
11.5 m 

3.2 m 

Figure 9:  School outline and tank placement behind school 

Figure 10:  Schematic of polytanks 
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any solids that accumulate at the bottom of the tank.  An overflow valve will be placed at 
the top of the second tank.  This valve will be connected to a drainage channel diverting 
the overflow water away from the school.   
 
Since the placement of the tanks will be behind the school where the ground is sloped and 
the height of the tanks is 3.4 meters equal to the height of the school, the tanks will need 
to be placed into the ground.  A cross section from behind the school using the 
topological data located at the mid section of the school was constructed (Figure 11).  
This construction is drawn to scale displaying the placement of the tank behind the 
school.  In order to maintain a gravity feed system from the gutters to the tank the 
polytanks need to be placed .61 m into the ground.  This will require the digging of a hole 
1.27 m deep at the back end of the tank and .92 meters deep at the front end with a 3.22 
m radius.  This hole will need to be sealed and stabilized with concrete to protect the 
tanks from bugs and animals in the soil. 
 

 
 
 

Due to the tanks being placed into the ground the outflow from the tank will require a 
hand pump devise.  This will allow for the water from the bottom of the tank to be 
accessed. 
 
2.3 Rainwater Treatment 
 
The treatment of the rainwater will occur at two stages. The first step of the water 
treatment will help remove the larger particles and buildup on the roof.  This system will 
include a first flush system designed to remove the first portion of the rainfall used to 
clean the roof.  The second step in the water treatment will happen at the outflow.  This 
will include treatment of the water. 
 
First Flush Diversion System Design 
The terrain in the area and the limited tree growth do not pose a threat to a daily 
contamination from large solids on the roof of the school. There are no trees that reach 
above the school and the trees that are growing, with or without leaves, are further than 
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Figure 11:  Side view schematic of polytanks  
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15 meters from the school. The type of contaminants that do pose a danger are bird 
droppings, contamination from car exhaust (low traffic and the road is over 50 meters 
from school) and the dust accumulation on the roof during the dry season. The 
accumulation of the dust or other insects in the gutters will also need to be cleaned out. 
The way that this is done is by using the initial rainfall that is collected as the cleaning 
fluid and allowing the rest of the water to be diverted to the tank where it is stored. The 
amount of initial rainfall that is needed to collect the contaminants was 10 gallons per 
1000 ft2 (Krishna 2005). In a tropical areas where there is an increased amount of foliage 
and other solids on the roof of the school more water will be required but the terrain in 
Uganda, although on the Equator, has largely been deforested and has limited amount of 
tree growth or birds in the area of Kyetume in the Masaka District (Krishna 2005). 
  
No first flush systems were found in the two rainwater harvesting systems investigated 
during the assessment trip. In order to investigate possible solutions various sources were 
compared and the range of first flush systems varied widely from systems with moving 
parts, balances, floats and screens. The combination that was decided was the easiest to 
construct, maintain and to expand to family units. The expansion to the family houses 
was based on availability of materials, price of materials, constructability and how easy it 
would be to visually learn how the system works, how to build and what the benefit is. 
The combination includes chicken fencing as a screen on the gutters, much like a cover 
over the exposed area, and a diversion of the initial rainfall into 6” PVC pipes at each of 
the six down spout locations around the perimeter of the school. The design is simple and 
uses in country materials. At the downspout there is a T that leads to a pipe that collects 
the initial water and once the PVC pipe is full, the water is then diverted towards the tank 
(Figure 13).  

     
  

 
 Figure 12:  Picture of gutter screen and first flush system.  As the chamber 

fills, the ball floats up and seals on the seat, trapping first-flush water and 
routing the balance of the water to the tank. The design without the ball is the 
fall back if the experiments show that the ball valve inhibits the flow into the 
first flush diversion system.  
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Each side of the school has 2500 ft2 surface area and is further broken down into 3 down 
spouts on each side of the school. The design thus called for 8 to 8.5 gallons or about 
0.0305 cubic meters to be collected.  By using a 6” diameter pipe the length to be 1.7 to 
1.75 meters long. The pipe will be fastened to the wall of the building with screws and 
brackets.  The first flush system is in danger of being broken by the cows that range the 
area. To avoid the cows from rubbing against the piping the first flush system is designed 
to be 1.75 feet above the ground by using a 45° elbow that will limit the drop of the first 
flush system to 1.2 meters below the gutters.  
 
The maintenance of the system requires that every season the screen on the gutters be 
cleaned off by using a ladder and brush. The first flush diversion pipes need to be 
emptied after the rainfall has stopped. How the water is used is will be decided by the 
community. The water could be used for animals or agriculture but the community will 
know best.  After the beginning of the wet season the diversion system can shut off until 
the next time there is not daily rainfall.   
 
From the data that was found in Masaka during the assessment in August cost estimations 
were done. For 12 valves, six 45 degree elbows, sixty feet of 6” PVC pipe, 32 ounces of 
PVC cement, screws, nails, brackets and couplings the capital costs come to about $250 
USD. 
 
Water Quality 
The water quality data collected from the assessment trip in August 2007 was from 
various sites such as surface water, shallow wells and from local rainwater harvesting 

Figure 13:  Schematics of first flush diversion system.  
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systems. The data from the rainwater harvesting systems was used as the basis for the 
decisions in the treatment and storage of the water.  EPA regulations recommend a pH 
range of 6.5-8.5.   Possible causes of low pH could be from the source of the water.  
Typically, groundwater will have a lower pH than surface water.  Since our method of 
collection is rainwater, pH is not a major concern.  The overall quality of the rainwater is 
quite good.  However, for safety purposes, further treatment after long storage will be 
investigated.   
  
Water Treatment  
The different methods for water treatment was investigated and compared. Currently the 
people that collect water from hand pumps, rain water or surface boil the water with the 
foliage that is found in the rural areas. In the assessment trip it was found that they family 
units boiled the water in the Kyetume area. This was also confirmed by the staff of 
Africare in Ntungamo that does water projects in rural areas. They said that boiling water 
was the most dependable and reliable way to treat water and was the custom of the rural 
areas. The school is not yet at capacity to house students or to support any other residents. 
This makes the water supply to be for the community who will collect the water that is 
available and boil the collected water as usual.  
 
When the school is at capacity the school will house 300 students and need to have water 
for drinking and washing daily. This demand is too great for the rural area to support 
such a high demand for fuel if boiling was to be continued as the treatment method. To 
solve this problem different methods for treatment of the collected rain water are 
expected. Various methods have been considered and the main factor for what to 
implement is the in country supply of materials. The different methods and local 
technologies are a continuing part of the project and along with agricultural processing, 
sanitation, and education, sustainable water treatment methods will be the focal point of 
the second assessment report. 

 
Sustainable Water Treatment Technology 
 UV treatment is effective in the removal of coliforms.  E. coli is found in small amounts 
in some of the results.  Note that this form of treatment requires low turbidity, thus, the 
turbidity level will have to be constantly monitored.  With the situation of low E. coli 
count, turbidity, normal pH, and the presence of other forms of bacteria, many water 
treatment systems were studied, including chlorination, slow and rapid sand filtration, 
boiling water, UV treatment and SODIS (solar disinfection).   
 
Slow filtration, such as a clay mixture or coffee ground filtration, allows water to pass 
through the pores of the soil while microbes are stopped.  Organic material can be found 
to use as filters.  The system can also be cleaned by burning the organic material 
collected inside the system.  However, this treatment requires a high time commitment, as 
well as intense cleaning twice a year.   
 
Rapid sand filtration removes microbes at a rate of 2 to 5 meters per hour as well as 
removing 90% of the turbidity of river water.  This treatment system used coarse sand to 
remove particles that are trapped using flocculation chemicals.  The disadvantage with 
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this method is that the filter must be cleaned frequently several times a day. Backwashing 
can be used to clean the filter; however, the water used for backwashing is lost.   
 
SODIS, solar disinfection, is a method using only sunlight and plastic PET bottles.  The 
water is poured into these transparent bottles and exposed to the sunlight.  This method, if 
in cloudy conditions, takes two days to disinfect.  In sunny to 50% cloudy conditions, the 
minimum treatment duration time is 6 hours.  It is shown through research that SODIS 
destroys pathogenic bacteria, viruses, and protozoa.  This includes E. coli, Vibrio 
cholerae, and various forms of salmonella.  Though this method is effective, polyethylene 
terephthalate, PET bottles, are hard to find in such regions of Uganda.  Some glass and 
PVC may prevent UV light from reaching the water.  The bottles must also be kept in 
good condition. With children staying at the school, maintaining good conditions of the 
bottles can prove difficult.  The bottles could be easily damaged.  Thus, the EWB team 
would need to bring enough bottles to last the school for many years.  This is not 
sustainable. 
 
UV disinfection uses the same principles as SODIS. Ultraviolet lights at short 
wavelengths that beak down micro-organisms.  Disinfection occurs when high energy 
UV light passes through cell walls. However, for this type of disinfection, electricity is 
required which requires further investigation and compliance with the community. The 
electrical power supply that VTech is building is meant for the computers and lighting. 
The electrical demand for water treatment as well as the supply of UV bulbs will be 
concerns investigated. The technology has been introdeuced to the Hope Integrated 
Academy staff.   
 
Chemical disinfection, such as chlorination, removes most bacterial including E. coli.   If 
used properly, it can be highly effective.  Contact time varies with chlorine concentration, 
the type of pathogens present, pH, and temperature of the water.  These factors will not 
have much of an effect, since turbidity, temperature, and pH are stable.  Since there is a 
reliable personal appointed for disinfection purposes, the system that is chosen will be 
added regulated.  The school’s staff will be inquired about what they want to do once 
further contacts have been made for water treatment technologies. 
 
A system that doesn’t require the regulated addition of chlorine would ensure that no 
mistakes are made in adding a chlorine dose. The types of chlorine in country will be 
investigated to develop an in-line chlorinator that is a low-cost, minimal maintenance, 
non-electrical, drinking water disinfection device made of PVC. The inline chlorinator 
that has been developed by Compatible Technology International will act as a starting 
point for the investigation. Compatible Technology has developed a system that 
accomplishes disinfection by directing water flow over solid chlorine tablets placed in a 
simple configuration of PVC tubing. A properly constructed and maintained chlorinator 
will deliver a continuous and appropriate dose of chlorine in low to medium flow, 
gravity-fed drinking water systems. The result is disinfected water that destroys or 
inactivates the pathogens (disease causing microorganisms) and parasites found in water 
systems. 
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The water quality will need to be monitored. Such things to be monitored by the staff are 
turbidity, nitrites, nitrates, pH, bacteria and metals present. Also the chlorine 
concentration if the in-line chlorinator is chosen as well as the water consumption and 
rainwater data. 
 
2.4 Overview of Rainwater System 
 

 
 
3.0. Sanitation 
 
The goal of the sanitation system is to bring safe, hygienic, environmentally aware 
sanitary methods to the Hope Integrated Academy for a design capacity of 250 day-users, 
including 265 children and 15 adults through implementation of an ecological sanitation 
system. The typical sanitation system used in Uganda, like many developing countries, is 
pit latrines. These latrines consist of holes dug by hand that may contaminate ground 
water, lead to offensive odors, and create unsanitary hygienic conditions.  
 
The proposed system is a variation of a type of ecological sanitation commonly known as 
a Vietnamese dry composting toilet or a Skyloo. The proposed design for implementation 
utilizes six elevated urine diverting toilets with above ground movable waste storage 
system to contain solid wastes for dehydration and with urine leaching field to control 
release of liquid wastes and gray water from hand washing into the environment. 
Following proper containment practices, some urine may be collected, diluted and used 
as fertilizer. The solid waste, following one year of safe dehydration in a secure area, can 
be utilized as an agricultural application. Benefits of this system include provision of 
opportunity to reuse human excreta and liquid wastes to enhance agricultural 
productivity, minimize water required for waste handling, allowance for potential school 
expansion without immediate additional toilet provision, rain collection area to allow 
hand-washing station and to be used for urine dilution.  
 
3.1. Description and Assumptions 

 
The current sanitation need at Hope Integrated Academy is for 250 daily users.  Our 
design includes 6 stalls with urine-diverting toilets and dehydration treatment for the 
feces.  The stalls are above the collection areas, which are enclosed, above ground and 
hold removable containers.  The feces drop into the removable containers that will be 
exchanged when they are about three-quarters full, covered and stored in the area directly 

Rain Water Gutter System 
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behind the toilets. The feces will be left to dehydrate for one year to eliminate pathogens 
and will then be used as fertilizer either at the school or on neighboring farms.  
Meanwhile, the urine is piped to infiltration trenches with option to divert it to containers 
so it can be stored for 1 month and then used as fertilizer.  Rainwater will be collected 
from the roof, stored in a container next to the building and used for a hand-washing 
station.  Note that the system may be referred to as a dry composting or dehydrating toilet 
synonymously; however, the process by which the solid wastes will be treated is truly 
dehydration. 
 
There were a number of reasons why we decided on this design.  As an ecological 
sanitation system it follows Uganda’s national sanitation strategy for use of ecological 
sanitation (Tushabe).  No water beyond that needed for cleaning is required.  The 
structure, unlike pit toilets, is permanent.  There is little possibility of fecal groundwater 
contamination.  The separation of urine and feces reduces the volume of pathogenic 
material and eliminates most odors and flies.  The nutrients in excreta can be recycled as 
valuable fertilizer.  Dehydrating toilets require less maintenance than composting toilets.  
The use of the movable storage containers eliminates the need to handle pathogenic 
material, and allows for a greater number of toilets to be built for the money as compared 
to double-vaulted dehydration toilets.  The school leaders have expressed a preference for 
sit toilets as opposed to squatting plates.  The Ugandan government and UNICEF both 
support maintaining separate stalls for girls and boys (Bitature). 

Design assumptions: 
• The 250 day-students will use the toilets daily (half female, half male) 
• 15 adults will be using the toilets daily (half female, half male) 
• The density of feces and urine is equal to that of water, 1000 kg/m3 
• Although dehydrating waste will lead to reduction in excreta volume of 50-80%, 

designs assume fully saturated solid waste for collection and storage 
• A typical child will produce two-thirds the amount of excrement of adults. This 

waste production assumption is based on the ratio of adult to child body mass for 
both female and male users. 

• Each day-student will produce two-thirds the amount of excrement at the school 
as a typical child since the school will not be housing students for at least 2 years. 

• 5/1 ratio of feces to drying material (volumetric);  
• Containers will be about ¾ full when exchanged 
• One year dehydration time is conservative since the school is located in an 

equatorial region meaning high temperatures of 21-25˚C, often 6 months to one 
year is sufficient for complete dehydration 

• Dehydration process does not require additional nutrients; it does require addition 
of drying materials such as ash, which is locally available. Addition of food 
scraps and controlled addition of urine can occur if composting is well understood 

• Soil is silty clay with percolation rate of 24 – 47 min/cm (61 – 120 min/in) 
 

 
 

3.2.System Components 
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Roof – The roof is necessary to ensure proper drying of feces and to allow collection of 
rainwater for collection. In order to cover both the toilet and storage structures, the 
resulting horizontal surface area is 44 m2. The roof will be made of corrugated metal to 
match the roof of the school and the roof will slope at 5˚ to encourage flow of rain down 
from the back to the front of the structure. 
 
Stalls – In order to properly serve 265 daily users, six toilets will be constructed based on 
required storage calculations to allow sufficient dehydration time while minimizing total 
number of removable containers required. With six toilets, three would be for boys, three 
of girls. The boys’ toilets will include urinals to ensure urine conversion. To properly use 
a toilet, we assume ideal user dimensions of 1.2 m deep by 1.0 m wide by 2.2 m tall for 
the interior latrine space. The stalls will each require one urine diverting toilet, wiping 
materials, one bucket for used wiping materials and other trash, one bucket holding 
drying materials to be added to fresh feces (1-2 handfuls each time of soil, ash or lime), 
one vent window, and one door with inside lock. 
 

                                            
Figure 14: Exterior view of urine diverting dry composting system located in Uganda 
 
Collection Areas – Located directly below stalls, each compartment collection area will 
require dimensions of 1.2 m deep by 1.0 m wide by 1.2 m tall. The collection areas will 
each require a vent pipe, access door, urine pipe, and containers for solids collection. 
 
Storage Containers – depend on what is available in country which is currently being 
researched by contacts on ground, the upper limit of for a container should be 0.3m3, 
which would weigh 225 kg if ¾ full of fresh, completely saturated feces. The containers 
must be locally available, inexpensive, have a cover, be durable, have handles, and have 
the ability to be vented to allow evaporation. 
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Figure 15: Storage container component for dehydrating human excreta  
 
Storage Area – The storage area is the location for long-term storage of used/unused 
storage containers. Note that the area for storage is to be constructed directly behind the 
sanitation structure for ease of transporting wastes. The area is to be covered by a roof to 
prevent unnecessary saturation of solid waste, and the area will be surrounded by a fence 
to restrict the entrance of animals and children. The total required storage area will be 
required to store 32 m2. See Table 4 in System Calculations for the support. 
 
Rainwater Collection- the roof area yielded by the sanitation structure will allow for the 
necessary provision of hand washing following bathroom use. With much sickness spread 
through uncontrolled human to feces contact due to lack of hygiene, a hand washing 
station will provide a means for improving health, as well as educating children and 
community members. With the large roof area of 44 m2, it was possible to seasonally 
collect 22 m3 of water during each rainy season assuming 1 m of rain fall annually. 
Realize that collection of this much water may not be viable for the school at this time 
due to lack of funding for an additional storage tank. Options for the storage tank include 
additional polytanks or Ferro cement. We hope to store 20,000L total, likely in two 
separate tanks that would be located to either side of the structure. This water would be 
filtered using the same first flush design as on the main school building but would not be 
treated and thus would be unfit as a source for drinking water. Personal experiments have 
shown that 0.1 L is the minimum of water needed for one hand washing.  With the given 
amount of collection possible and storage of 20,000 L per year, this would allow 0.42 
L/person per day with 265 daily users. In the case only 10,000 L of storage were possible 
per year, then this would allow 0.21 L/person per day with 265 daily users. 
 
Hand-washing facilities – In order to practice healthy hygiene, hand washing is 
necessary to ensure the opportunity. During the dry season, if hand-washing is not 
available due to lack of supplied water from rain, the users will need to supplement the 
natural supply by adding other water to tank easily during dry season. The grey water 
from the hand-washing station will drain, along with the urine, into the infiltration trench.  
If the school cannot afford soap, we will provide a one year supply.   
 
Drying Materials – These include soil, ash or lime and are necessary to reduce the 
moisture content of the feces and also reduce odors.  In the case of soil, microorganisms 
are added which may improve the breakdown of pathogens.  Lime raises the pH of the 
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mixture, which contributes greatly to the breakdown of pathogens.  11 m3 of drying 
materials will be needed each year.  20 m3 of soil will be removed from the infiltration 
trenches, some of which could be stored in the initially empty storage containers.  This 
initial amount of soil will be supplemented by ash from cooking, both from the school 
and from children’s homes if it is not already being used.  Another source could be soil 
from the surrounding area as long as the humus (dehydrated feces) from the system 
replaced it. 

Vent Pipe– One objective of the proposed system is to prevent foul odors present. So 
long as anaerobic processes do not begin to degrade the waste, this should not be an 
issue, especially if the solid waste is kept separate from the liquid wastes upon proper use 
and ventilation is promoted. To facilitate flow of air, we plan to run 2" PVC pipe from 
the interior temporary storage areas to 0.5 m above the roof. The pipes will be painted 
black to allow air movement. Additionally, a screen will be secured to the top of each 
vent pipe to prevent flies from entering the system. To prevent rain from entering the 
system, T-shaped PVC attachments will be used. Upon exit from the building, holes in 
the roof will be required to allow the air movement straight up in the vents. To allow this 
construction, the roof holes will need to be sealed once the vent pipes are in place. 
 
Toilet and Urinals – Toilets will be constructed using a fiberglass toilet mold to shape 
concrete into a toilet. EWB-UMN will supply the urine-diverting toilet mold, which we 
bring with from the U.S. Additional materials include the provision of plastic urinals that 
are to be located in country. Finally, it is important to that each toilet needs to have a 
cover to prevent entry and exit of flies from toilets if they were to be present. 
 

                                         
Figure 16: Toilet component (pre‐finished) directly following concrete molding 
 
Wastewater Treatment – Urine from toilets and urinals as well as used water from the 
hand washing stations will be dispersed through an infiltration trench.  The design and 
sizing of the trench was based on the Minnesota Pollution Control (MPCA) guidelines for 
individual sewage treatment systems.   

The classification of the soil onsite is not known beyond the soil being some type of clay.  
For this reason, we used the conservative percolation rate of between 24 - 47 minutes per 
centimeter.  We will do a percolation test onsite to refine our design and for future 
reference.  If possible we will also investigate other soil characteristics including texture, 
depth of horizons, structure, and depth to water table. 
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The trench will be 1 m wide by 0.95 m deep and 25 m long, and will have a downward 
slope between 0 and 6%.  The pipe carrying the wastewater will be 5” PVC and will have 
at least one row of ½ inch holes that are spaced 1 m or less apart.  The top of the pipe will 
be located 0.2 m below the soil surface.  The trench will be filled with washed gravel (if 
washed is available) from the bottom up to 55 mm above the pipe.  About 20 m3 of gravel 
(2 -6 cm) will be needed.  The rest of the trench will be filled in with soil with a 
permeable fabric liner to prevent the soil from clogging the trench.  A vertical inspection 
pipe will be installed at the end of the trench. 

The trench will be located at least 6 m away from buildings or sites of future buildings 
and 30 m away from any known future well location.  If possible, the trench should be 
located away from areas of heavy foot traffic and run-off.  If the slope of the trench is 
greater than 1% then run-off should be diverted away from it.  Vegetation should be 
planted on top of the trench to aid in evapotranspiration and reduce erosion but should 
not interfere with the workings of the trench. The moisture content of the soil should not 
be above the plastic limit when the trench is dug and should be kept dry until completed.  

A percolation rate of 24 to 47 minutes per centimeter requires a 0.39 m2 trench bottom 
area per gallon of flow per day.  This area can be reduced by 40% in our design because 
the gravel extends 24” below the pipe.   To be safe we overestimated the amount of urine 
produced by 30% and used the maximum possible amount of washing water to get a total 
wastewater volume of 320 L per day.  

The concentration of total solids in urine is about 40,000 mg/L and the BOD5 is around 
10,000 mg/L (Del Porto).  Even with the added wash water, the concentrations will still 
be fairly high.  The MPCA guidelines dictate that the BOD and the concentration of total 
suspended solids should not exceed 220 and 65 mg/L, respectively.  For this reason, 
either a septic tank or a sand filter will be needed to reduce the concentrations.  

We considered an alternating drainfield as a way of ensuring the long-term stability of the 
system.  However, because a well may be drilled at some point in the future in an 
unknown location and that additional toilets will likely be added as the school expands 
and adds full-time students, we feel it will be better to wait before expanding the 
drainfield to allow for more flexibility in planning.  

In the future we would also like to allow for the option of collecting urine in removable 
containers in case school decides they want to use urine for fertilizer in agricultural 
application by simply running toilet drain tubes into urine collection containers in the 
storage area next to the building. 

 
3.3.System Maintenance  
 
Roof – Maintenance of the roof will require bi-annual cleaning to maintain a debris free 
roof which will prevent entrance of solids into the collection system. 
 
Toilets, urinals and stalls – There are several requirements for the toilets, urinals, and 
stalls that will be required for the system to function. These tasks are to be completed by 
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a school employee. The tasks include burning of toilet paper, cleaning of toilets and 
urinals, clearing any feces from the urine collection area in the diverting toilet, to collect 
and refill ash container, to obtain and stock toilet paper or other wiping materials, and 
finally, to flush the urine pipes periodically to clean of any deposits. 
 
Collection Area – The temporary waste collection area will need to be kept orderly and 
swept of any debris as needed. 
 
Storage Containers – When storage containers become ¾ full, we recommend that they 
be replaced with new containers. If users are not adding sufficient soil or ash following 
each use, a school employee must do so at the end of every day to promote drying of 
materials. The system should be rotated with the intention of ordering containers from 
oldest feces, to most recently removed. This can be tracked by simply attaching to the 
containers tags with dates of removal from use. If feces do not fill the containers 
uniformly, it will be necessary to rake down any cones formed. 
 
Storage Area – The storage area will need to be maintained by keeping storage 
containers in an orderly method to track age of solid waste materials. The storage area 
must be kept orderly in order to allow maneuvering of containers. The storage area must 
be swept as necessary. 
 
Rainwater Collection – The rain collection system will require cleaning of gutters bi-
annually. Also, the first flush and storage tanks will need to be cleared of solids several 
times per year. 
 
Hand-washing facilities – These must be cleaned as necessary to maintain hygiene and 
usability of system, hand washing tanks may need to be supplemented with additional 
water if the water is used before the end of each dry season. Also, locally produced soap 
will need to be purchased and supplied as necessary. 
 
Vent Pipe – Should be checked for blockages and screen condition several times per 
year. 
 
Urine Dispersal – To allow proper function, blockages of leach field and ditches should 
be checked several times per year. 
 
Educational Program – It will be EWB-UMN's responsibility to educate the teachers, 
and then the teachers' to pass it on to the students, to educate daily users on how to 
properly use the sanitation system. Areas of education include: 

 
 How to use toilets urine-diversion system with addition of ash to system 
 Feces as a disease vector; importance of keeping it contained 
 Importance of hand washing, after bathroom and before eating 
 Why feces and urine are valuable in agricultural applications 
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Proper education and greatest effect will result from the supply of dehydration sanitation 
use posters to be placed in the structures and the school. 
 
3.4.System Conclusions 
 
With the Hope Integrated Academy’s plans to serve 500 students and community 
members daily, there will be a significant amount of solid and liquid wastes produced at 
the school. Therefore there must be a sustainable sanitation system in place to ensure 
both human and environmental health and safety.  

Ecological sanitations such as dehydrating urine-diversion are a sustainable method 
practiced around the world and has been used for centuries. This type of sanitation is 
most beneficial to the community since it becomes a source of agricultural sustenance; it 
is also innovative, simple, and low-cost. Additionally, this type of system has minimal 
need for water, and will not contaminate ground water. The potential contribution of the 
system to the Hope Integrated Academy and Mulobere community is clearly significant. 

Benefits of urine diversion dehydrating ecological sanitation: 

• Prevents disease carrier contact, prevent human contact with wastes, improves 
pathogenic destruction, reduces bacterial urine contamination 

• Protects environment, reduces undesirable odor and humidity 
• Provides maintainable, culturally accepted and convenient to use system 
• Provides affordable and constructible system 
• Returns nutrients/organic matter to earth via dehydration and agricultural 

application 
• Facilitates design capacity (265 daily user including, 250 Children, 15 Adults) 

 

Potential Concerns - Solutions 

• Cultural acceptance of waste reuse – Education/Provision of benefits 
• Misuse of diversion toilet - Education/Provision of benefits 
• Undesirability of handling feces - Education/Provision of benefits 
• Supply of Ash – Children bring from home, school provides 
• Overuse of system – Removable containers allow flexibility in number of users 
• Post-dehydrating handling options – burying, burning, agricultural use 

 
3.5.Structural Details – Sanitation 
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Figure 17: Front Elevation of Sanitation System (units in meters) 

 

Figure 18: Plan Elevation of Sanitation System (units in meters) 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Figure 19: Side Section View of Sanitation System (units in meters) 

 

 

 

Figure 20: Side Elevation View of Sanitation System (units in meters) 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Figure 21: Rear Elevation of Sanitation System (units in meters) 

 
 
4. BUDGET 
 
4.1.Rainwater Collection Budget 

 
 Unit Price Units Total (US$) 

Gutters 8.82 80.00 705.88 

Face boards 5.88 70.00 411.76 

Clamps 1.18 160.00 188.24 

Nails   35.29 

Paint   58.82 

PVC piping (3 m) 4.86 40 194.40 

Polytanks 3439 4 13,756.00 

Cement 8.10 30 243.00 

Wire Mesh 3.37 10 33.70 

Bricks (40) 1 20 20.00 

PVC Cement   15.00 

Labor   500 
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Unexpected Expenses   2,000 

TOTAL (US$)   18,200 

   

4.2.Sanitation Budget  (including drain field and septic tank) 
     

Material Cost per unit Quantity 
Total 

Cost(US$)  
Cement                               8.10  70 567.00   
Sand                                  81.08  12 972.96   
Gravel                                 0.94  38 35.72   
Aggregate 40.00  20 800.00   
PVC tube 1/2" 10                 6.08  3 18.24   
PVC elbow 1/2"                   0.54  15 8.10   
Spigot                                 4.72  3 14.16   
20 gallon drum                   16.21  3 48.63   
Iron bar 1/4"                    2.02  12 24.24   
Iron bar 3/8”                       4.45  12 53.40   
Metal for roof                     6.48  15 97.20   
Wood for door                    10.81  21 227.01   
2x 4 wood for roof            10.81  15 162.15   
Male adapters 1/2"           0.54  6 3.24   
Hose                                   16.21  6 97.26   
PVC tube 4” 10 ft              4.86  14 132.30   
PVC T 4”                           6.08  8 48.64   
PVC T 1/2"                       0.67  6 4.02   
saw blade                           1.75  2 3.50   
Hinge 3x3                           1.21  12 14.52   
2” nails (Box)                       1.35  6 8.10   
3” nails (Box)                   1.35  6 8.10   
Roofing nails (Box)               1.35  6 8.10   
Lock for door 2.02  6 12.12   
Toilet seat                         9.45  6 56.70   
Red spray paint                  4.05  1 4.05   
White oil paint                    9.80  1 9.80   
Paintbrush 2”                     0.34  1 0.34   
Paintbrush 3”                   0.67  1 0.67   
White spray paint              2.20  1 2.20   
String   5.40  1 5.40   
Wire mesh                          3.37  1 3.37   
Wire for tying iron             2.70  1 2.70   
Toilet Mold 920.00  1 920.00   
Removable Containers 48.00  24 1,152.00   
Unexpected expenses   700  
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TOTAL CONSTRUCTION COST 
(US$)   6,200  
     

Job   Cost per hour Number        Day 
 Total 

Cost(US$) 
Masons 8.10 4.00 6.00 194.40 
woodworker     3.37 4.00 6.00 80.88 
Workers           3.37 6.00 8.00 161.76 
Carrying water   3.37 3.00 6.00 60.66 
TOTAL LABOR COST (US$)     500 
     
TOTAL SANITATION PROJECT COST (US$) 6,700  
 
 
4.3.Total Budget 
     
TOTAL PROJECT COST (US$) 24,900  
 

 
 
 
5. TRAVEL DETAILS 
 
5.1 Travel Team 

 
5.2 Community Ownership 

 
The community will provide labor and materials for the construction of this project.  The 
labor will be organized by the Hope Integrated Academy.  The Academy has used local 
workers for the construction of the school.  These same workers will be used to help in 

EWB-USA Travel 
Member E-mail Phone Chapter Student/ 

Professional 

Brian Bell  Bell0384@umn.edu  414-719-6130  EWB-UMN Student 

Kevin Huselid Huse0067@umn.edu  622-232-4630 EWB-UMN Student 

Peter Netzel Netz0027@umn.edu  414-688-9783   EWB-UMN Student 

Richord Blonigen Blon0026@umn.edu  651-587-2113   EWB-UMN Student 

Rose Stenglein Sten0086@umn.edu  651-587-2113   EWB-UMN Student 

Teigan Gulliver Gull0080@umn.edu  651-587-2113  EWB-UMN  Student 

Matt Hansen Matt.Hansen@goodrich.com 952-892-4742 EWB-MN 
Professional 

Professional 
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the construction needed for this project.  After the completion of the project the Hope 
Integrated Academy will be the owners of the new systems and will provide maintenance 
once we leave. 
 
5.3 Future Assessment 

 
During the implementation of this project an assessment will be conducted on the 
availability of groundwater in the area for a possible deep well.  Contact has been 
initiated with a groundwater consultant to conduct a hydrogeological survey on the area 
while we are in Uganda.  This will allow for the possibility of a future implementation of 
a well as the school grows with the construction of dormitories for the students.  
 
5.4 Metrics 

 
Technical: 
The health of the students and local villagers, as well as student enrollment, before and 
after the project implementation.  “Health” will be quantified via incidences of sickness 
that prevent an individual from working or going to school, obtained through in-person 
interviews with villagers, chiefs and medical workers in the area.  We are also planning 
to conduct rapid health assessments of the school children and community to verify 
qualitative observations. 
 

Economic:  
School enrollment has a direct impact on the local economy because many students who 
graduate from this school have more opportunity to find work.   
 
5.5 Health 
 
The focus of the project is for the orphans that will be housed and Hope Integrated 
Academy and the children that will receive training. The community health assessment 
(appendix B) will not be used as the basis for considering how the project has impacted 
the health of the region. The supply of clean water, a safe sanitation system and a 
sustainable energy supply will allow people to have more time for learning, working and 
family activities and lower the cases of diarrhea and sickness from water borne 
pathogens.  Further social development will depend on the partner organization, Uganda 
Rural Fund, through continued support in health education, technical training, and food 
supply.  Engineers Without Borders will help develop a hygiene education and pump 
maintenance training manual. The implementation of these programs will start during the 
implementation trip but will need to be continued by the Hope Integrated Academy staff.  
In order to measure the impact of the project an analysis similar to the community 
baseline health assessment will need to be conducted on the children that attend the 
school. This assessment will be part of the paperwork required for the child’s 
participation in the school. The information gathered annually thereafter will enable 
Engineers Without Borders and Uganda Rural Fund to understand the impact on health 
issues and the standard of living.  
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5.6 Equipment 
 

Water testing kit 
Total station 
Tools 
 

5.7 Accommodation 
 

Leaving June 7th – arriving in Entebbe, Uganda on June 8th.  Transportation provided by 
Hope Integrated Academy to school in Mulobere, Uganda near Masaka.  Lodging, food 
and water will be provided by the Hope Integrated Academy as well.  The team will stay 
at the Academy for 17 days leaving on June 24th. 
 
Accommodation contact information 
 
Hope Integrated Academy 
45 km Masaka Mbarara Rd. 
Uganda – E. Africa 
Ph: 256-772-952136 
   256-751-549843   
 
5.8 Travel Safety Information 
 
Safety Plan 
Day to day safety plans include only traveling in groups of 3 or 4 people.  All travel 
outside of the school grounds will be conducted with a guide from the school.  If groups 
are separated they should meet at the Hope Integrated Academy. 
On Ground contact phone # for travel team 
Emergency Plan & Exit Strategy 
 
 Kitovu Missionary Hospital, 55 min away 
 Mulago Hospital, Masaka 45 min away 
 Mhirizi Clinic, 14 min away 
 Seek assistance from consulate if political unrest or major medical emergency 
 Contact local police 
 URF local legal contact 
 
State Department Warnings 
 
Currently there are no state department warnings or alerts for this country. 
 
Other safety concerns 
 
None 
 
On Ground contact phone # for travel team 
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256-772-952136 
 
Nearest US Consulate contact Info 
 
Plot 1577 Ggaba Road 
P.O. Box 7007 
Kampala, Uganda 
Tel: (041) 25-97-91 /2/3/5 
KampalaUSCitizen@state.gov 
https://travelregistration.state.gov/ibrs/ 
 
Emergency 
 (041) 259-791 /2/3/5 
 (041) 233-231 /230507 
 (041) 345422 at any time 
 
Walk in Hours 
 M – Th 7:30 AM – 4:30 PM 
 F           7:30 AM – 12:30 PM 
 
Nearest Hospital Contact Info 
 
There is a good hospital 3 km away staffed by doctors and nurses. We are not positive if 
it is approved by the US state Department. There are two large district hospitals in 
Masaka city that have US State Department approval. They are a 45 minute drive away 
from the project. 

Kitovu Hospital   P.O. Box 524, Masaka- Uganda   Tel: 256-0481-20097 

Masaka Hospital  P. O.Box 18, Masaka, Uganda. Tel -  256-0481-20018 
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APPENDIX A: Gutter Calculations 
 

        

        

Variables  Metric      

Rainfall Intensity in/hr 3.7 0.0965885 mm/s     

Roof area Per Downspout 
ft^2 795 73.8579168 m^2     

top width ft 0.416 0.1267968 m   5" Dia.  

Slope of roof ft/ft 0.69 0.69 m/m     

Slope of roof (deg.) 34.60567555 34.60567555 deg.     

        

Gutter Sizing         

area ft^2 (half circle approx.) 0.135917865 0.012627183 m^2     

Max Drop of Gutter (ft) 0.3384864 0.103170655 m     

Max Gutter Length (ft) 50.52035821 15.39860518 m   assume .5,1 slope method  

Max flow from roof ft^3/s 0.24514461 0.006941722 m^3/s     

        

DownSpout Sizing        

Radius (ft) 0.2083 0.06348984 m   5" Dia.  

Slope (%) 0.005 0.005 %   0.50%  

roughness (n) 0.012 0.012 n   Smooth Steel  

Flow (ft^3/s) 0.26491821 0.007501648 m^3/s   
Will be less due to bends and 

impurities  

Max Downspout Length (ft) 130 39.624 m     

Max Drop From Roof 
Elevation (ft) 0.9884864 0.301290655 m     
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Appendix B: Sanitation System Calculations 
 
Waste Production 

 
 

Volume and Mass of Feces Produced 

  Adult 
(kg, L) 

Child = 2/3 x 
adult (kg,L) 

Day Student =  
2/3 x child (kg,L) 

250 Day Students + 15 
Adults  (Mg, m3) 

daily 0.15* 0.10 0.067 0.02 
weekly 1.1 0.70 0.47 0.13 
monthly 4.5 3.0 2.0 0.57 
yearly 55 37 24 6.9 

 [Note: Using safety factor of approximately 30%, we assume a required annual solid 
waste collection amount of 8 m3] 

 
 

Volume and Mass of Urine Produced 

  Adult 
(kg, L) 

Child = 2/3 x 
adult (kg,L) 

Day Student =   
2/3 x child (kg,L) 

250 Day Students + 15 
Adults   (Mg, m3) 

daily 1.2* 0.80 0.53 0.15 
weekly 8.4 5.6 3.7 1.1 
monthly 36 24 16 4.5 
yearly 440 290 200 55 

* (Del Porto) 
 
Agricultural Application  

Waste Application 
Type Yearly Production Total Field Application Rate Area required 
Urine 55 m3 1 L/m2/day 5.5 hectares 
Solids 13,000 kg 8,000 – 60,000 kg/acre/year 0.4 hectares 

 
 
Storage Container Sizing 
 
For total amount of solid waste equal to 8 m3 per year, the following container sizes 
would result in the need for the given number of containers assuming 3/4 full containers 
and 5/1 mixture feces to drying materials, requiring a total yearly storage container 
volume of 12.84 m3 to sufficiently hold all solid waste and drying materials. Note that 
waste is assumed to be saturated at all times to provide a safe value: 

Table 4: Solid Waste Production Calculations 

Table 5: Liquid Waste Production Calculations 

Table 6: Amount of waste produced and land area needed to apply as fertilizer 
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Solid Waste Containers 

Size of Container Volume of 
container 

Number of containers 
required per year of 

storage for waste and 
dry materials 

Solid 
waste 

produced 
per day 

per toilet 

Time to 
remove 

each 
container 

 [m3] [-] [m3] [days] 
50 gallon jug 0.19 68 0.0033 32 
.55 m x .55 m x 1 m 0.30 43 0.0033 51 
.6 m x .6 m x 1 m 0.36 36 0.0033 61 
.6 m x .6 m x 1.2 m 0.43 30 0.0033 73 

 
Select the .55 m x .55 m x 1 m due to reasonability in size of container, container change 
time, and total number of containers. 
 
Storage Area Requirement 
 
1.  To the storage area required, add an extra 40% for maneuvering. 
2. 43 containers * 0.3025 m2/container area = 13.0 m2 

3. 13.0 m2 * 140% = 18.2 m2 needed for total storage area 
4. There is room for 2 containers in each collection area allowing interior storage so 3.63 
m2 inside total; thus, exterior storage area must be 18.2 m2 – 3.63 m2 =14.6 m2 
5. For school growth and safety factor, use 2 times more = 14.6 m2 x 2 m2 = 29.2 m2 
6. Resulting storage area (dimensions: 8 m wide x 4 m deep) = 32 m2 > 29.2 m2 
(Note: Width includes roof over hand washing area) 
(Note: Controlling factor collection area size was space needed to use each toilet) 
 
Rainwater Collection  
 
1. Horizontal roof area = 44 m2 

2. Seasonal collection volume = 0.5 m rain/season * 44 m2= 22 m3 volume possible 
3. Tank size = 10,000 L (polytank or Ferro cement tank) = 10 m3 (and 10000 kg) 
4. Water per person per day = 20 m3/year*1 year/365 days * 1 day/265 daily users = .21    

L /day per user 
5. If have 20,000 L storage, allows 0.42 L/day per user 
 
 
 
 
 
 
 
 

Table 7: Storage container sizing 
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Drying Materials Needed 
 
 

Volume of Drying Material 
Needed (m3) 

Monthly 0.9 
Yearly 11 

 
Wastewater Production 

 
 

Daily Volume of Washing Water (L) 

10,000 L storage capacity (265 people * 0.21 L) 60 

20,000 L storage capacity (265 people* 0.42 L) 120 

 
 

 
 
 
 
 
 
 

Trench Sizing Calculations: 
1) 320 L = 85 gallons 
2) 85 gal * 4.2 ft2 (0.39 m2) trench bottom/gal * 0.6 (depth reduction factor) = 215 

ft2 = 20 m2 
3) 215 ft2 / 3 ft wide = 72 ft long = 24 m 

Daily Volume of Wastewater (L) 

Overestimate of urine (150 L * 1.3) 200 

Maximum wash water 120 

Total Wastewater 320 

Table 8: Drying Materials Calculations 

Table 9: Washing Water Produced Daily 

Table 10: Total Amount of Wastewater Produced Daily 
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APPENDIX C: Community and Health Assessment Survey 
 
Instructions:  
 
The interviewer will need to determine the geopolitical and population boundaries of the 
“community” the EWB project will serve and then repeatedly refer to those boundaries 
when conducting the interviews. 
 
You should be completing the entire attached survey with 4-8 individuals in the 
community (see required vs. specific project questions).  There may be different ideas 
from different people about what is an illness and its cause so information from a cross 
section of the community will be more valuable. 
 
Your sources of information should include one or two individuals from each of the 
following groups of people.  Both genders should be represented and at least 1/3 to 1/2 of 
the individuals should live within the community your project will serve.   If there is 
more than one ethnic group that will benefit from your project try to include people from 
each group. 
 
1) Village leaders (ask around to find out who are considered leaders, both formal 
and informal)  

Some examples include:  the village headman or elder, president of the women’s 
club, local government official. 
 

2) Health care providers such as:  clinic doctor or nurse, health aide, local midwife, 
traditional healer or Health Ministry official. 

 
3) Educators such as:  health educator, school teacher, headmaster or professor.  
 
4) Employee of a non-governmental organization working in the area, for example:  

a Peace Corps volunteer, missionary or employee of a national non-governmental 
agency. 

 
5) Your own observations 
 
Ask each individual all of the required questions (indicated with **, italics and in blue) 
and as many of the other questions as you are able to get information about based on time 
and willingness to respond.  Some of the ‘extra’ questions will be more appropriate for 
your project than others. The Health Metrics representative will assist you, if needed, in 
deciding which of the extra questions are important. 
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Date of survey____________   Location (home, health clinic, community house….) 
_______________ 
 
Source of Information (name and role in 
community)________________________________________ 
 
Section One: Regional Demographics     
 
**How many people will benefit from this project? 
_________________________________________ 
 
For the entire community: 
 

**Number of families: 
_________________________________________________________ 
 

**Number of adult men (16 years or older): 
________________________________________    
 

**Number of adult women (16 years or older):  
_____________________________________      

**Number of children ages   < 1 year _________ 1-4 years _________   5-15 
years ________ 
 

**Number of elders greater than 50 years 
__________________________________________ 
 

**What ethnic groups or tribes live in the area that will be served by the project 
and the approximate size of each group 
__________________________________________________ 
__________________________________________________________________

__________ 
__________________________________________________________________

__________ 
 

What is the average age that women start to have children 
_____________________________ 
 

Average number of children per woman of childbearing age. 
___________________________ 
 

Number of disabled persons in the community (mental and 
physical)_____________________ 
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Section 2:  Community Illness / Injury Information 
 
**What are the 5 most important illnesses/injuries affecting people in the community?   
 
1.  Illness or 
injury__________________________________________________________________
_  

Estimate the number/percentage of children ________ younger adults_________ 
older adults_______ w/ this problem every year. 

 
Is this illness/injury gender specific? If so, does it affect more men or women? 

_____________ 
 

What do people think is the cause of this illnesses/injury or condition in the 
community? _____ 

__________________________________________________________________
__________ 

 
How is it treated? By whom?  Where? 

_____________________________________________ 
 
2. Illness or 
injury__________________________________________________________________
_  

Estimate the number/percentage of children ________ younger adults_________ 
older adults_______ w/ this problem every year. 

 
Is this illness/injury gender specific? If so, does it affect more men or women? 

_____________ 
 

What do people think is the cause of this illnesses/injury or condition in the 
community? _____ 

__________________________________________________________________
__________ 

 
How is it treated? By whom? Where? 

_____________________________________________ 
 
3. Illness or 
injury__________________________________________________________________
_  

Estimate the number/percentage of children ________ younger adults_________ 
older adults_______ w/ this problem every year. 
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Is this illness/injury gender specific? If so, does it affect more men or women? 
_____________ 
 

What do people think is the cause of this illnesses/injury or condition in the 
community? _____ 

__________________________________________________________________
__________ 

 
How is it treated? By whom? Where? 

_____________________________________________ 
 
4. Illness or 
injury__________________________________________________________________
_  

Estimate the number/percentage of children ________ younger adults_________ 
older adults_______ w/ this problem every year. 

 
Is this illness/injury gender specific? If so, does it affect more men or women? 

_____________ 
 

What do people think is the cause of this illnesses/injury or condition in the 
community? _____ 

__________________________________________________________________
__________ 

 
How is it treated? By whom? Where? 

_____________________________________________ 
 
5. Illness or 
injury__________________________________________________________________
_  

Estimate the number/percentage of children ________ younger adults_________ 
older adults_______ w/ this problem every year. 

 
Is this illness/injury gender specific? If so, does it affect more men or women? 

_____________ 
 

What do people think is the cause of this illnesses/injury or condition in the 
community? _____ 

__________________________________________________________________
__________ 

 
How is it treated? By whom? Where? 

_____________________________________________ 
 



 46 

**Is there a difference between the overall health of women and the health of men? 
_______________ 
 

**If yes, what? 
_______________________________________________________________ 
 
Is malaria considered a problem in the community? 
_________________________________________ 
 
What is done to prevent malaria? 
________________________________________________________ 
 
What is done to treat malaria? 
__________________________________________________________ 
 
Is HIV/AIDS considered a problem in the community? 
_______________________________________ 
 
Is testing for HIV/AIDS available? _________ If so, where? 
__________________________________ 
 
Is tuberculosis (TB) considered a problem in the community? 
_________________________________ 
 
Where do most of those with TB go for treatment? 
_________________________________________ 
 
If so, where is treatment or medication available? 
__________________________________________ 
 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________ 
 
 
Section 3:  Morbidity / Mortality Information   
 
**What is the average life span of women? ____________________ men? 
______________________ 
 
**Total number of births in the community each year 
_______________________________________ 
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**Total number of deaths in the community each year 
______________________________________ 
 
**Number of children less than 1 year old that die each year 
_________________________________ 
 
**Most common causes of death : #1_________________ 
     #2_________________ 
     #3_________________ 
     #4_________________ 
     #5_________________ 
 
**Are there certain diseases that always occur at specific times of the year?  Explain. 
_____________ 
________________________________________________________________________
___________ 
 
Number of children from 1 to 5 years old that die each year 
__________________________________ 
 
Number of women who die during childbirth each year 
______________________________________ 
 
 
Section 4: Daily living information 
 
Water 
 
**Where do people get water (streams, springs, household taps, community taps, 
rainwater, wells)? 

For drinking: 
_________________________________________________________________ 

For cooking: 
_________________________________________________________________ 

For bathing: 
_________________________________________________________________  

For hand-washing: 
____________________________________________________________ 

For animals: 
_________________________________________________________________ 

For irrigation: 
________________________________________________________________ 
 
**On average, how far do people have to travel to get to their drinking water source? 
_____________ 
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**Is there enough water during all times of the year? If not, during which season(s) is 
there not enough? 
________________________________________________________________________
___ 
 
If wells are used, how many are there? 
___________________________________________________ 
 
Where are the water sources located? 
____________________________________________________ 
 
What are the methods of water purification used in the area? 
__________________________________ 
 
Food 
 
**Describe a typical meal.  
____________________________________________________________ 
________________________________________________________________________
___________ 
 
**Is there enough food for everyone during all times of the year? 
_____________________________ 
 
**Is malnutrition a problem? ____________________________ What are the problems? 
__________ 
________________________________________________________________________
___________ 
 
Where and how do people get food? What ways are used to acquire food (e.g. grazing, 
hunting, farming, brought into local market from outside the community, etc.)? 
_______________________ 
________________________________________________________________________
___________ 
 
How many meals a day do people eat? 
___________________________________________________ 
 
How does a child’s diet differ from an adult? 
______________________________________________ 
 
How does a woman’s diet differ from a man’s? 
____________________________________________ 
 
Does this change when the woman is pregnant? 
____________________________________________ 
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What, if any foods are considered 
taboo?__________________________________________________ 
 
What percentage of women breastfeed their 
children.________________________________________ 
 
Sanitation 
 
**What do people use for bathroom facilities and what is the approximate percentage of 
each? 
Flush toilet _______________ Indoors_________ Outdoors ______________ 

Pit latrines _______________ 
Neighboring fields_____________ 
Other, describe _______________ 

 
**How do people dispose of their garbage? 
_______________________________________________ 
 
What percentage of homes have bathroom facilities (either indoors or outdoors)? 
_________________ 
 
Are there community bathroom facilities?  How many and where are they? 
______________________ 
 
Are bathroom facilities of some sort available to all community members? 
______________________ 
 
Are there community garbage dumps?  If so, where are they located? 
__________________________ 
________________________________________________________________________
___________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________ 
Section 5:  Community Health Resources  
 
**What is the nearest health facility? Is this an in-patient facility (people spend the night 
like in a U.S. hospital) or outpatient only? 
___________________________________________________________ 
 
**Who staffs this facility? (physician, nurse, health aide, traditional healer) 
_____________________ 
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________________________________________________________________________
___________ 
 
**Does the health facility have constant, reliable electricity (24/7)? 
____________________________ 
 
**How do most people get to this facility? 
________________________________________________ 
 
**What types of traditional health care providers are in the community? 
________________________ 
 _____________________________How many of each type are there? 
_________________________ 
 
**What percentage of children in the community is immunized? 
______________________________ 
 
**What are the barriers to immunization? (cost, transportation, availability, lack of 
electricity, cultural taboos, 
other…)_______________________________________________________________ 
 
**What  public health programs are functioning in the community? 
____________________________ 
________________________________________________________________________
___________ 
 
How far is it from the community? 
______________________________________________________ 
 
Is transportation a barrier to obtaining medical treatment? 
___________________________________ 
 
Is cost a barrier to obtaining medical treatment? 
___________________________________________ 
 
Where do these traditional health care providers receive their training and what sort of 
training do they receive? 
________________________________________________________________________
___ 
________________________________________________________________________
___________ 
________________________________________________________________________
___________ 
 
Where do the children receive immunizations? 
_____________________________________________ 
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What immunizations are available for children (Measles, Mumps, Rubella, tetanus, polio, 
pneumovax, influenza, Hepatitis A, Hepatitis B, 
other_________________________________________________) 
 
Who provides the vaccines/immunizations? 
_______________________________________________ 
 
Do parents pay for the vaccines? 
________________________________________________________ 
 
Where do people get their medications? 
__________________________________________________ 
 
How do they pay for their medications? 
__________________________________________________ 
 
Section 6: Education / Health Education 
 
**Is there a school(s) in the community? (how man and what types, and how many 
students in each) 

Primary   
# of schools ___________________ # of students in 

each_______________________ 
Secondary  

# of schools ___________________ # of students in 
each_______________________  
University / Technical college / Vocational 

# of schools ___________________ # of students in 
each_______________________ 
Religious  

# of schools ___________________ # of students in 
each_______________________ 
 

**What is the literacy rate in the region?  
Percentage of those who can read___________, write ___________, sign their name 
only ________ 
 
**To whom does the community turn for health information / education? (family, village 
nurse, traditional healers, teachers, radio, TV) 
__________________________________________________ 
________________________________________________________________________
________________________________________________________________________
______________________ 
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Is there a health educator in the community? 
______________________________________________ 
  
If they are not the same person, do the health educators have a good relationship with the 
health care providers in the community? 
___________________________________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________ 
 
Section 7:  Transportation / Communication  
 
**Does public transportation go into the community? 
_______________________________________ 
What (bus, train, trucks….)? 
_____________________________________________________ 
 
**How many households have, or have regular, unlimited access to:  

radio
 __________________________________________________________________
___ 

television 
____________________________________________________________________ 

a telephone (cellular or landline)  
________________________________________________ 

access to a newspaper  
_________________________________________________________ 

a vehicle  
____________________________________________________________________ 
 
Section 8:  Goals of EWB Project 
 
**How do you think this project will benefit the community? 
_________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_________________________________ 
 
Based on above data:   
 
**How will you measure the impact of your project?  
_______________________________________ 
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________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
____________________________________________ 
 
 
**Who will measure it and how will you get the data? 
_______________________________________ 
________________________________________________________________________
________________________________________________________________________
________________________________________________________________________
_________________________________ 
 
 
 


