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Executive Summary 
 

The goal of this project is to work with the local population of Cajabamba, Ecuador to 
and improve the existing 
provide a wastewater management solution. The town
Andes Mountains of central Ecuador 
overview is shown in Figure 

Team Equatic Ecuador is partnering with two organizations on this project: HCJB, a missions
minded Christian radio station w
the American Water Works Association (AWWA)
sustainable access to safe drinking water in Ecuador through fundraising and sharing of technical 
expertise. The principal contact for this project is Bruce Rydb
HCJB’s water projects in Ecuador.

The goal of this project is to work with the local population of Cajabamba, Ecuador to 
and improve the existing drinking water treatment plant and distribution system as well as

wastewater management solution. The town of roughly 5,000 people is located in 
of central Ecuador and is divided in two by the Pan-American Highway.

Figure 1. 

Figure 1. Project Site 

Team Equatic Ecuador is partnering with two organizations on this project: HCJB, a missions
minded Christian radio station with a focus on healthcare in Ecuador, and the Michigan chapter of 
the American Water Works Association (AWWA), which is committed to increased and 

e access to safe drinking water in Ecuador through fundraising and sharing of technical 
The principal contact for this project is Bruce Rydbeck, the engineer in charge 

HCJB’s water projects in Ecuador. 
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The goal of this project is to work with the local population of Cajabamba, Ecuador to renovate 
distribution system as well as 

of roughly 5,000 people is located in the 
American Highway. A site 

 

Team Equatic Ecuador is partnering with two organizations on this project: HCJB, a missions-
Michigan chapter of 

committed to increased and 
e access to safe drinking water in Ecuador through fundraising and sharing of technical 

eck, the engineer in charge of 
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Recommendations are presented in a phase-oriented structure in order to allow changes to build 
successively while generating income for future changes. In general, the recommendations also 
become more complex and more expensive as the phases progress. An outline and brief 
description of each phase is shown in Table 1. 
 

Table 1. Phase outline 

Phase Description 
I Operational changes to existing water treatment plant 

II Simple modifications to water treatment plant, metering of 
the distribution system. 

III Additions to the water treatment plant, river water source 
protection, combined sewer extensions 

IV Septic tanks, combined sewage treatment 
V Well implementation 

 
 
Phase I involves purely operational changes for individual drinking water treatment plant 
processes aimed at improving the quality of water delivered to the town without incurring any 
additional costs. Phase II continues with simple modifications to more of the drinking water 
treatment facilities. This should allow for more efficient operations while also making it possible 
for later changes to be implemented. Some of these changes require small-scale construction, but 
will allow the city to generate a larger base income because they will be making drinking water 
more reliable and readily accessible. In order to quantify leaks and charge on a volumetric basis, 
metering of the distribution system is also proposed in this phase.  
 
The recommendations in Phase III are larger scale projects, including the construction and 
implementation of new drinking water treatment facilities as well improving protection of the 
existing drinking sources. This phase also includes additions to the combined sewer system. 
 
With modifications to the treatment plant complete and the combined sewer system extended, the 
focus in Phase IV shifts to treatment of the combined sewage. Due to several factors, the 
recommended solution is a hybrid system combining on-site treatment via septic tanks with 
centralized soil absorption beds to further treat the combined sewage. Wastewater in Ecuador is 
not generally treated, but Team Equatic Ecuador feels that this is an important step in developing 
regions to encourage adequate hygiene. 
 
Finally, the team proposes that Cajabamba move to wells as the exclusive drinking water source 
in Phase V. For any developing and expanding area, it is necessary to have a consistent source of 
relatively clean water. Wells provide just this by eliminating turbidity issues with rivers and low 
flow rates with springs. By adding two new wells and shutting down current water sources 
Cajabamba will secure for itself a water flow rate of 18 L/s that only requires chlorination before 
distribution. 
 
These phases are designed to provide for a drinking water treatment plant life of 20 years, after 
which the wells will be in operation, and should remain so for 30 to 50 years. Once Cajabamba 
relies only on wells, just the chlorination process and storage reservoir will be necessary at the 
treatment facility. By providing facility designs that will be implemented over a period of time, 
this plan aims at securing basic water and sanitation necessities for the town of Cajabamba for 
multiple generations to come. The construction cost estimates for each phase are shown in Table 
2. 
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Table 2. Construction Cost Estimates 

Phase Prop. Starting Year Total Phase Construction Cost 

I 0 $0.00 
II 1 $16,042.83 
III 4 $112,314.17 
IV 10 $478,352.00 
V 18 $184,079.19 
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1. Introduction 

1.1. The Team 
 

 Team Equatic Ecuador is comprised of four senior students at Calvin College, each of whom is 
earning a Bachelor of Science in Engineering degree with a Civil/Environmental concentration. 
The team believes that one must continually manage the resources and gifts that God has 
provided, which includes being stewards of the environment as well as using one’s talents 
appropriately. Individually, the team members are interested in development work and applying 
their engineering skills where they are needed. This is currently manifested in a potable water and 
sanitation management project for the town of Cajabamba, Ecuador. 

1.2. The Project 
 

Team Equatic Ecuador is working in conjunction with Hoy Cristo Jesús Bendice (HCJB) and the 
Michigan section of the American Water Works Association (AWWA) to provide safe and 
reliable drinking water and wastewater systems for the towns of Cajabamba and Cicalpa, 
Ecuador. The Michigan AWWA chapter is committed to increased and sustainable access to safe 
drinking water in Ecuador through fundraising and sharing technical expertise, and HCJB is a 
missions-minded Christian radio station based in Ecuador that also focuses on healthcare. Since 
Cajabamba is indicated on most maps, and Cicalpa is not, the town of Cajabamba will be used to 
refer to the project site for the remainder of this report. 

 
This project fits well with our Christian perspective as it uses our gifts as engineers while 
assisting people in a developing nation. Due to the modernization of Ecuador’s economy many 
indigenous peoples have been moving into towns like Cajabamba to find work, which has 
increased the importance of improving city infrastructure. The mayor of Cajabamba is also a 
Christian and an indigenous Ecuadorian, which is a rare combination for someone in a position of 
leadership, and gives the team an excellent opportunity to work with an administration that is in 
line with our goals.  

 
When working on any project in a developing area it is important to design systems and 
operations that are consistent with the culture in which they will be implemented. Throughout this 
project the team has placed an emphasis on cultural appropriateness, transparency, and justice. 
These themes have been integrated into all aspects of the project by ensuring that designs are not 
driven by the team’s desires, but rather by what Cajabamba wants and needs. Also, the team has 
ensured that designs are easy to understand, easy to maintain, and are reliable. Team Equatic 
Ecuador believes all people should have access to reliable and potable water as well as basic 
sanitation systems, but these designs need to be implemented by working with the current 
infrastructure, not against it.  

1.3. Project Background 
 

The project site consists of two towns divided by the Pan-American Highway, Cajabamba to the 
north and Cicalpa to the south, as shown in Figure 1.1. This location is in the central region of 
Ecuador in the Andes Mountains. Both of these towns receive water from a treatment plant 
located on the south-west edge of Cicalpa, which was constructed in 1982. It has been determined 
from a site visit that the drinking water distribution system extends to the populated areas of the 
town and that a substantial portion of the town has a combined sewer collection system. There are 
several newer areas of town that do not yet have sewer connections. These areas most likely 



 

discharge raw sewage directly into the Cicalpa River. Specifics about water quality and quantity 
are discussed in Section 2 and Section 
 

2. Existing Facilities 

2.1. Existing Water Source Facilities
 

Cajabamba currently uses three sources for their drinking water: the Cicalpa River, several 
springs, and a pumped well. 
shown in Table 2.1.  
 

Spring

discharge raw sewage directly into the Cicalpa River. Specifics about water quality and quantity 
and Section 3. 

Figure 1.1. Site Overview. 

Existing Water Source Facilities 

Cajabamba currently uses three sources for their drinking water: the Cicalpa River, several 
springs, and a pumped well. The flow rates coming into the system from each of these sources are 

Table 2.1. Water Source Flow Rates. 

River 6-12 L/s gravity feed 
Spring 6 L/s gravity feed 

Well 6 L/s pumped 

2 

discharge raw sewage directly into the Cicalpa River. Specifics about water quality and quantity 

 

Cajabamba currently uses three sources for their drinking water: the Cicalpa River, several 
The flow rates coming into the system from each of these sources are 
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During the site visit in January water quality analyses were performed on all three drinking water 
sources with two water quality testing kits: the HACH Surface Waters kit and the HACH 
Hardness and Iron kit. The HACH Surface Waters kit allowed for nitrate, orthophosphate, 
ammonia nitrogen, and free and total chlorine tests to be performed. Hardness and iron tests were 
performed with the HACH Hardness and Iron kit. These tests were able to investigate several 
aspects of the water quality and allowed for an overall analysis of the current water quality of the 
sources. In addition to the HACH testing kits, two total coliform tests were used to analyze the 
bacterial state of the water. The first was a general paddle test, and the second was an Easygel 
total coliform test. With each of these tests the water sources were investigated daily to develop a 
complete data set. The results from the water quality analyses are shown for the river, springs, 
and well in Sections 2.1.1, 2.1.2, and 2.1.3, respectively.  

2.1.1. Existing River Capture Structure 
 
 The Cicalpa River flows south to north and provides 6 – 12 L/s to Cajabamba’s water treatment 

plant. It is captured 7 km upstream of the town and enters the treatment plant at the roughing 
filters.  

  
 The capture structure at the river consists of a large diagonal wall that cuts across the river. The 

wall has a 1 m by 0.5 m metal grate at the river bed as an inlet for water. The flow into this grate 
is directed by a dividing wall that splits the river, and a large sluice gate that controls the flow 
rate. After passing through the initial metal grate the water passes over two silt walls and enters 
the intake reservoir by passing over a weir and flowing through a horizontally mounted coarse 
filter fabric. The opening of the intake pipe is located at the bottom of the intake chamber. During 
a site visit in January, 2008 the water elevation above the intake pipe was 96 cm. A plan view 
drawing of the intake structure is shown in Figure 2.1 and a profile schematic is shown in Figure 
2.2. Photographs from the site visit are shown in Figure 2.3, Figure 2.4, Figure 2.5, and Figure 
2.6.  

 

 
Figure 2.1. River Capture Structure Plan View. 

 



 

Figure 

Figure 

Figure 2.2. River Capture Structure Profile View. 

Figure 2.3. Site Photograph - River Capture Structure. 
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Figure 2.4. Site Photograph 

     Figure 2.5. Site Photograph 

. Site Photograph - Upstream of River Capture Structure.

 
. Site Photograph - Downstream of River Capture Structure.
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Upstream of River Capture Structure. 

Downstream of River Capture Structure. 



 

              Figure 

Water Quality 

The river water quality was evaluated with a broad range of tests as described in 
Most river water tests were performed on the filtered river water present at the drinking water 
treatment plant, however; the untreated river water at the river capture point was tested for
coliform. The results from the water quality analysis are shown in 
investigation, it was understood that the river water has bacteria 
of testing indicated the presence of coliform in the filtered river water which demonstrates that 
the filtration mechanisms in place work relatively well but do not guarantee clean water. 
data are being used to show th
sand filters to ensure that the filtered river water will not have any coliform present in the future.

  
Date 

Total 
Coliform  

Paddle 
Testers 

(per 100mL) 
<100

Easy GEL 

Temperature 
pH 

Phosphate 
Nitrate 

Iron  
CaCO3 

Ammonia 
                     **error is 16% since test intended for sea water

 
Figure 2.6. Site Photograph - River Intake Chamber to WTP.

The river water quality was evaluated with a broad range of tests as described in 
tests were performed on the filtered river water present at the drinking water 

treatment plant, however; the untreated river water at the river capture point was tested for
coliform. The results from the water quality analysis are shown in Table 2.2
investigation, it was understood that the river water has bacteria present when untreated.
of testing indicated the presence of coliform in the filtered river water which demonstrates that 
the filtration mechanisms in place work relatively well but do not guarantee clean water. 

being used to show that there needs to be some improvements to the roughing and slow 
sand filters to ensure that the filtered river water will not have any coliform present in the future.

Table 2.2. River Water Quality Tests. 

River Water Quality Tests 
Untreated 

River Filtered River 
Jan. 23 Jan. 22 Jan. 23 Jan

<100/100 mL Inconclusive Inconclusive Inconclusive

34/mL 0/mL 2/mL 0/mL

- 12°C - 
- 8.1 8.4 

0.1 mg/L 0.08 mg/L - 
0 mg/L 0 mg/L - 

- 0 mg/L - 
- 324.9 mg/L - 

- **0.23 mg/L - 
**error is 16% since test intended for sea water 
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River Intake Chamber to WTP. 

The river water quality was evaluated with a broad range of tests as described in Section 2.1.  
tests were performed on the filtered river water present at the drinking water 

treatment plant, however; the untreated river water at the river capture point was tested for total 
2 below. From the 

present when untreated. One day 
of testing indicated the presence of coliform in the filtered river water which demonstrates that 
the filtration mechanisms in place work relatively well but do not guarantee clean water. These 

at there needs to be some improvements to the roughing and slow 
sand filters to ensure that the filtered river water will not have any coliform present in the future.  

Jan. 24 

nconclusive 

0/mL 

- 
- 
- 
- 
- 
- 

- 



 

2.1.2. Existing Spring Capture Structures
 
The spring reservoir shown in 
some of which are several kilometers away. During the site visit, th
every capture box to gain a better understanding of the spring water quality. All capture boxes are 
comprised of a concrete enclosure around the exposed spring, and have a locked metal lid as 
shown in Figure 2.7. Several capture boxes had accumulated small amounts of debris, and others 
had vegetation growing inside
the springs to the water treatment facility, the city has decided to use small filters that can be put 
below or around any piping structure. This filter is shown in 
 

Figure 

Figure 

Existing Spring Capture Structures 

The spring reservoir shown in Figure 1.1 is the collection point of 15 different spring captures, 
some of which are several kilometers away. During the site visit, the team was able to look at 
every capture box to gain a better understanding of the spring water quality. All capture boxes are 
comprised of a concrete enclosure around the exposed spring, and have a locked metal lid as 

. Several capture boxes had accumulated small amounts of debris, and others 
growing inside. To ensure debris was not getting into the pipe carrying water from 

s to the water treatment facility, the city has decided to use small filters that can be put 
below or around any piping structure. This filter is shown in Figure 2.8.  

Figure 2.7. Site Photograph - Spring Capture Structures. 

 
Figure 2.8. Site Photograph - Spring Debris Filter. 

7 

is the collection point of 15 different spring captures, 
e team was able to look at 

every capture box to gain a better understanding of the spring water quality. All capture boxes are 
comprised of a concrete enclosure around the exposed spring, and have a locked metal lid as 

. Several capture boxes had accumulated small amounts of debris, and others 
. To ensure debris was not getting into the pipe carrying water from 

s to the water treatment facility, the city has decided to use small filters that can be put 
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Water Quality 

A water quality analysis was done on the spring collection as it came into the drinking water 
treatment plant, as described in Section 2.1. The results from the tests performed are shown below 
in Table 2.3. The tests showed that the overall quality of the spring water was acceptable. There 
were no bacteria found in any of the samples tested. The CaCO3 test showed an unusually high 
hardness in the spring water. The data from these tests prove that the spring water is a safe and 
reliable source with additional treatment.   
 

Table 2.3. Spring Water Quality Tests. 

Spring Water Quality Tests 
Date Jan. 22 Jan. 23 Jan. 24 

Total 
Coliform  

Paddle 
Testers Inconclusive Inconclusive Inconclusive 

Easy 
GEL 0/mL 0/mL 0/mL 

Temperature 13°C - - 
pH 7.4 7.6 - 

Phosphate 0.16 mg/L - - 
Nitrate 4.8 mg/L - - 

Iron  0.37 mg/L - - 
CaCO3 427.5 mg/L - - 

Ammonia **0.2 mg/L - - 
      **error is 16% since test intended for sea water 

2.1.3. Existing Well 
 

The third source of drinking water for Cajabamba is the drilled well, the location of which is 
shown in Figure 1.1. The profile view of this well is shown in Figure 2.9. The well diameter is 8 
inches and it is 116 meters deep. The well casing is a Schedule 40 – 8” steel pipe. Well screen 
sections are placed at several elevations based on areas of high flow. The well casing exists 
between all screened areas to provide lateral support. The well screen is made by SS Johnson and 
is comprised of a continuous wire wrap using 30/40 wedge shaped slots.  
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Figure 2.9. Existing Well Profile View. 

Table 2.4 shows the stratification of a soil boring taken from the site. Andesite refers to the type 
of volcanically formed rock in this area of the Andes Mountains. The most productive stratum is 
between 75 and 105 meters deep, hence the use of screens in that area. 
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Table 2.4. Well Soil Boring Stratification. 

Depth [m] Soil Description 
0 - 1   Ground level 
1 - 3   Volcanically hardened silt 
3 - 10   Fine, clayey sand 
10 - 14   Fine sand 
14 - 20   Angular gravel + fine sand + gray ash 
20 - 27   Fine sand + a little brownish clay 
27 - 38   Varied globular clay + medium sand + gray ash + angular gravel 
38 - 48   Brown/gray globular clay + fine sand 
48 - 56   Fine sand in brown, clayey matrix 
56 - 63   Brownish clayey sand 
63 - 69   Gray ash + very fine sand 
69 - 75   White/black globular clay 
75 - 89   Fine sand + andesite (gray, fine-grained volcanic rock) 
89 - 92   Medium sand + andesite + glass-like gray clay 
92 - 101   Medium sand + andesite 
101 - 105   Medium sand + andesite + brownish clay 

105 - 116   Brownish clay + a little sand 

 
Water Quality 

 The water quality of the well source was investigated during the January site visit, as discussed in 
Section 2.1. The results from the analyses performed are shown below in Table 2.5. The tests 
showed that the overall quality of the well water met necessary requirements. There were no 
bacteria found in any of the samples tested. The hardness of the well water was uncommonly 
high, which could be a result of it being from a ground source. The data from these tests prove 
that the well water is a dependable source. 
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Table 2.5. Well Water Quality Tests. 

Well Water Quality Tests 
Date Jan. 22 Jan. 23 Jan. 24 

Total 
Coliform  

Paddle 
Testers Inconclusive Inconclusive Inconclusive 

Easy 
GEL 0/mL 0/mL 0/mL 

Temperature 19°C - - 
pH 7.2 7.6 - 

Phosphate 0.2 mg/L - - 
Nitrate 2 mg/L - - 

Iron  0 mg/L - - 
CaCO3 564.3 mg/L - - 

Ammonia **0.2 mg/L - - 
 

2.2. Existing Drinking Water Treatment Plant Facilities 
 
The existing drinking water treatment plant is in the southwest quadrant of the town, as shown in 
Figure 1.1. In order of flow, the components of this plant include roughing filters, slow sand 
filters, a chlorination area, and the reservoir, as shown in Figure 2.10. The unused chlorination 
tank was built within the last five years, and the reason for not using it is unknown. The roughing 
filters, slow sand filters, and chlorination operations are all discussed in the following section. 

 
Figure 2.10. Existing Drinking Water Treatment Plant. 
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2.2.1. Existing Roughing Filters 
 
Currently, the first stage of pretreatment at the drinking water treatment plant is a set of 5 parallel 
horizontal flow roughing filters. Each filter is 1.8 m deep and is divided into 5 bays; one influent, 
one effluent, and three filter bays filled with filter media, as seen in Figure 2.11. The roughing 
filters are 9.5 m long in the direction of flow and 5 m wide. The individual bays of the roughing 
filters are divided by brick walls with spaces between the bricks to allow the water to flow 
progressively through the filter. 

 

 
Figure 2.11. Existing Roughing Filter Plan View. 

The filters bays are filled with a range of stone media sizes, as specified in Table 2.6. Under the 
current conditions, the media is frequently clogged with sediment, and, if left alone, it will clog to 
the extent that it must be removed, manually cleaned, and then replaced in the filter bays. This is 
a time consuming and labor intensive task. A viable alternative that has recently been 
implemented is flushing the bays with pressurized water to keep the media free of sediment and 
eliminate the need to remove the media for cleaning. Currently, only 1 out of the 5 filters is 
typically in operation at any given time. 

 
Table 2.6. Existing Roughing Filter Media Grain Sizes. 

Bay Media Diameter [mm] 
Minimum Average Maximum 

1 25 - 101 
2 12 25 76 
3 6 12 38 

2.2.2. Existing Slow Sand Filters 
 

There are three 6.5 m by 10 m slow sand filter beds with a depth of 3.04 m. The two northern 
filter beds are in useable condition and the southern bed is out of service due to leaks. The sand 
used for the filter beds has a 0.35 mm effective size and a 2.9 uniformity coefficient1. During the 

                                                      
1 Obtained from Michigan AWWA analysis performed in January 2006 



13 
 

site visit in January the northern filtration bed was operating with a sand depth of 0.95 m and a 
supernatant of 1.42 m after running for 7 days. Theses parameters are summarized in Table 2.7 
and plan view drawing for the beds is shown in Figure 2.12. A photograph of the existing slow 
sand filter beds is shown in Figure 2.13. 
 

Table 2.7. Existing Slow Sand Filter Parameters. 

Effective Size 0.35 mm 

Uniformity Coefficient  2.9 

Bed Depth 0.95 m 

Supernatant Depth 2.0 m maximum 
 

 
Figure 2.12. Slow Sand Filter Beds Plan View. 
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Figure 2.13. Site Photograph - Slow Sand Filter Beds. 

Operational information was also obtained during the site visit in January. One filter bed treats 
water while the other remains offline for cleaning, and the southern bed is not used due to 
leaking. River water flows through a filter bed for 2 to 4 weeks and is then cleaned when the 
terminal head loss is reached. The terminal head loss is when the supernatant reaches the 
overflow weirs. Cleaning is done by removing the first 4 cm of sand, and it is unknown how long, 
if at all, a schmutzdecke is ripened before using effluent for drinking water purposes.  

2.2.3. Existing Chlorination Facilities 
 

The existing system for disinfection of treated drinking water in Cajabamba is not very reliable. 
Despite construction of a chlorine contact tank within the last five years, water is being treated 
with an undependable dosage system, and the new contact tank is left unused. 
 
Presently, the water is drip treated in the chlorination building (shown in Figure 2.10) as it flows 
toward the reservoir. Untreated spring water is used to fill a 550 liter plastic drum into which 500 
grams of NaOCl is added twice a day. This drum of chlorine solution is then dripped into the 
mixing basin at a rate of .057 L/s. Figure 2.14 and Figure 2.15 below show the chlorine dosage 
set up. Sometimes NaOCl is added before the drum is completely filled with water which leads to 
highly concentrated water at the bottom of the drum and less concentration at the top once the 
drum is full. The chlorine drip method from the mixing drum is not currently documented or 
regulated. This results in unknown amounts of chlorine reaching the water at unknown rates. 
Since the drip comes in at the mixing basin, where the three water sources combine, there is not a 
definite contact time allowed. This means that the reservoir is being used as a contact tank. The 
reservoir is primarily a storage tank and should not be used to account for a contact time with 
previously fed chlorine. This method is not consistent and falls short of the needs of the system. 
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Figure 2.14. Site Photograph - Existing Chlorine Mixing Drum. 

 

 
Figure 2.15. Site Photograph - Existing Chlorination Mixing Basin. 
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While chlorination will take place as long as there is water and NaOCl in the mixing drum, there 
is not always an attendant on site to check water levels and ensure that chlorination will continue. 
Left unattended, the drum will empty in 2.68 hours. Because the existing disinfection setup is a 
drip process, there is not a steady contact time for the chlorine to disinfect the water, which leads 
to unreliability of drinking water disinfection. Figure 2.16 shows the building in which the 550 L 
drum is stored and where the chlorine disinfection takes place.  

 

 
Figure 2.16. Site Photograph - Existing Chlorination Building. 

2.3. Drinking Water Distribution System 
 

The current drinking water distribution system is shown in Figure 2.17. In the figure, pipe 
diameters (mm) and node elevations (m) are color coded as shown in the key. The piping consists 
of mostly PVC, and some asbestos cement pipes. Pipe diameters range from 63 mm to 110 mm. 
The reservoir is the clear well in which the treated water is stored before it is drawn into the 
system. It is 11.84 m in diameter, has a height of 5.45 m, and a volume of 600 m3. The town has 
installed water meters on the majority of homes, but they are not in use. It is known that there are 
several leaks in the system, but it is not possible to determine their location or impact on the 
network without adequate water metering data. The team has chosen to use EPANET to develop a 
digital model of the distribution system. This will be used to determine how pressures in the 
system change throughout the day based on fluctuating reservoir water levels. 

 



 

Figure 2.17. EPANET Model of Drinking Water Distribution System.. EPANET Model of Drinking Water Distribution System.
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. EPANET Model of Drinking Water Distribution System. 
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Modeling Considerations 

Because of limited information about the system, the model has been simplified from the 863 
known connections to 140 nodes that have the largest impact on the system. Additionally, the 
water sources will not be modeled because they do not directly impact pressures throughout the 
distribution system. Rather, the changing water levels in the reservoir will have the greatest 
influence with regards to pressure.  
 
In order to model pipe friction the Hazen Williams formula was employed because it is the most 
common equation applied to water flowing in conduit. Associated with the Hazen Williams 
method is a roughness coefficient; this model uses 150 for PVC pipes and 140 for asbestos lined 
concrete piping.2 The team took measurements of the reservoir water levels while in Ecuador, the 
results for which are shown in Table 2.8. By changing the reservoir head levels the team could 
effectively model the system pressures at different times of the day. As the table indicates, the 
highest head levels occur in the morning. This is due to the town closing the reservoir at night. 
This allows the reservoir to fill up, but does not give residents access to water throughout the 
night. The day these measurements were taken the reservoir was actually closed in early 
afternoon, hence the increase in head level between 2:30 PM and 4:00 PM.  
 
 

Table 2.8. Reservoir Water Levels by Time of Day. 

 
 
The water demand used for the model is 22 L/s and the model was run to reflect the highest and 
lowest head levels shown in Table 2.8. One aspect of the system that the EPANET model does 
not account for is the existing leaks. This has been left out because the locations and impacts of 
these leaks are unknown. Therefore, this model will provide information about the system as if no 
leaks were present.  

 Network Analysis 

An EPANET analysis of the distribution network is shown in Figure 2.18. This figure represents 
the system’s characteristics at 8:00 AM. Pressures (m) and flows (L/s) are shown as ranges by 
color. Typically, fully functional distribution networks are designed for a low pressure during fire 
flow of 20 psi, or 14 meters of head. Without fire flow, Cajabamba’s main supply node is running 
at a low pressure of 17.75 m. This was an expected result since the tank connects directly to only 
one node in the system. Based on the measured reservoir head levels, the highest pressure 
experienced by the system is 88 meters of head. Based on the EPANET model, the drinking water 
distribution system is breaching tolerable limits of pressure used in common practice. Appendix 
A lists all system nodes and pressures associated with maximum and minimum head levels. 
 

                                                      
2 Mays, Larry W. Water Resources Engineering. 2005 ed. Hoboken, NJ: John Wiley & Sons, Inc (2005): 420. 

Time of 
Day

Water Surface 
Depth [m]

Head Level 
[m]

8:00 AM 2.29 3257.94
2:30 PM 4.43 3255.71
4:00 PM 3.97 3256.17



 

Figure Figure 2.18. EPANET Model of System at 8:00 AM. 
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2.4. Combined Sewer System 
 

Cajabamba currently has a combined storm and sanitary sewer system in place that extends 
service to much of the town. Part of the town has an older system that is no longer in use but 
remains in place, which makes it difficult to determine the actual arrangement of the current 
system. Figure 2.19 presents a general layout of the existing collection system. 
 

 
Figure 2.19. Existing Combined Sewer System Layout. 

The current combined sewer system services much of Cajabamba, with only a few areas still 
without service, as identified in Figure 2.19. These areas are as follows: the Evangelista and 
Miraflores neighborhoods on the southwest edge of town, west of the drinking water treatment 
plant; the far northeastern area of Cajabamba, located up on the hill on the northern side of the 
Pan-American Highway; parts of the Santo Cristo neighborhood located to the west across the 
Cicalpa River from the rest of the town; and the new gas station being constructed on the 
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southern edge of town. The other concern with Santo Cristo is that the combined sewer system 
does not appear to cross the river and connect to the rest of the system to be conveyed to the 
primary outfall, but rather may have its own outfall in the Cicalpa River, which is identified in 
Figure 2.19 above. 
 
Most of the individual pipes in the system are 30 cm diameter asbestos concrete, with some 20 
cm diameter pipes in the furthest extents of the system. The backbone of the system is a shotcrete 
conduit, the dimensions of which are shown in Figure 2.20, which conveys the wastewater to a 
site on the northern edge of the town where it is discharged into the Cicalpa River, as seen in 
Figure 2.21. 

 
Figure 2.20. Shotcrete Combined Sewer Conduit Cross-Section. 

              
Figure 2.21. Existing Combined Sewer System Outfall. 
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3. Design Constraints 

3.1. Water Supplies 
 

There are three sources of water for the current system: the Cicalpa River, several protected 
springs, and a 105 meter deep well. Flow rates from these sources are shown in Table 2.1. Water 
from the Cicalpa River provides 6 to 12 L/s by gravity feed depending on the time of year and 
storm events. The springs provide a combined flow of 6 L/s of water by gravity. Water from the 
well provides 6 L/s by pumping. These combined flows provide a total of 18 to 24 L/s into the 
system reservoir. 

3.2. Water Demands 
 
There are 863 known water service connections in Cajabamba, however, there are many 
clandestine connections suspected. The number of known connections is based on the number of 
customers charged for their water service. An estimate of 5% clandestine connections is assumed 
for modeling purposes. Assuming 5 people per connection, the population serviced by the water 
system is 4,530. 
 
Water use is difficult to quantify since there is no way to measure the flow rate out of the 
reservoir, which is the single point that the distribution system receives water from. However, 
based on the input flow rate to the reservoir and monitoring of the reservoir level, water demand 
was estimated. Levels were measured at different times of the day while the flow into the 
reservoir was known and are shown in Table 3.1 below. These data were recorded on January 22, 
2008. 
 

Table 3.1. Reservoir Levels on January 22, 2008. 

Time Reservoir Level Input Flow  
8:00 AM 3.16 m 22 L/s 
2:30 PM 1.02 m 22 L/s 
4:00 PM 1.48 m 22 L/s 

 
Based on these data it is apparent that the water demand exceeded the 22 L/s that entered the 
system over the course of the day. The reservoir is only open to the system between 8:00 AM and 
5:00 PM every day so that the level can replenish at night, though it is sometimes closed in early 
afternoon. This translates into at least 160 L/day/capita of water usage3. These parameters are 
outlined in Table 3.2 below. This demand is high considering no residents in the town have 
washers for clothes or dishwashers. In addition, hygienic patterns are very different from those in 
developed countries, which attributes to much less water usage. For these reasons, it is suspected 
that there are either many leaks, many clandestine connections, or faucets left on (since the water 
is only accessible during the day), or any combination of these things. The water demand should 
decrease upon completion of all recommendations outlined in following sections. 
 
 
 
 
 
 

                                                      
3 Obtained from Bruce Rydbeck of HCJB in January 2008 



23 
 

Table 3.2. Current System Loads. 

Connections 863 known, 43 estimated clandestine 

Population 4,530 estimated 

Water Demand At least 160 L/person/day 

Average Daily Demand At least 22 L/s 

 
 The projected system demands are based on a project design life of 20 years. With a growth rate 

of 1.5%4 the population in 20 years is projected to be 6,100 people. The projected water usage per 
person is 160 L/person/day, which is also the current water usage per capita in Cajabamba. This is 
a conservative estimate because the current water usage is inflated due to the conditions described 
above. This translates into an average daily demand of 10.7 L/s and a maximum daily demand of 
21.4 L/s (twice the average daily demand). These parameters are outlined in Table 3.3.  

 
Table 3.3. Projected System Loads. 

Design Life 20 years 

Connections Unknown 

Population Growth rate 1.5% 

Projected Population 6,100 

Estimated Water Demand 160 L/person/day 

Projected Average Daily Demand 11.3 L/s 

Projected Max Daily Demand 22.6 L/s 
 

These numbers are only relevant for the reservoir modeling since the flow rates that the treatment 
processes handle are based on the gravity fed sources. This is because of the existing water 
storage tank, which will normalize the demand exerted on the water treatment systems due to its 
large size (600 m3). 

3.3. Flows and Loads 
 

Since no data is available on the wastewater flows in Cajabamba, they will be estimated from the 
water demand information. Typically, sanitary flow ranges from 50 to 100% of the water 
demand, although it varies greatly from city to city.5 For the purposes of this preliminary analysis, 
the sanitary sewer flow will be estimated as 80% of the water demand, which equates to 
wastewater flows as shown in Table 3.4, below. Wastewater flow fluctuates during the day as 
activity increases and decreases, and a peaking factor can be calculated in order to determine the 
peak hourly flow using Equation 3.1, where P is the population, in thousands, and QP/QA is the 
peak hourly flow over the average hourly flow, also known as the peaking factor. 
 
 

                                                      
4 Obtained from Bruce Rydbeck of HCJB in January 2008 
5 Reynolds, Tom D., and Paul A. Richards. Unit Operations and Processes in Environmental Engineering. 2nd ed. 

Boston: PWS Publishing Company, 1996: 96. 
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Equation 3.1. Sanitary Sewer Flow Peaking Factor.6 

� �

� �
�

�

� ��	  

 
Table 3.4. Current and Projected Sanitary Sewer Flows. 

 Current  Projected 

Average Sanitary Flow 6.71 L/s 9.04 L/s 

Peaking Factor 3.70 3.48 

Peak Hourly Sanitary Flow 24.8 L/s 31.5 L/s 

 
The flow rates calculated in Table 3.4 are for strictly sanitary flow, but the system in Cajabamba 
is a combined system, collecting both sanitary and stormwater flow. Team Equatic Ecuador was 
unable to obtain any historical rainfall data for the region or any other way of quantifying the 
amount of stormwater that is generated. Due to the nature of the treatment site this became less of 
a concern, since space constraints dictated how much flow any treatment process would be able to 
accommodate. This situation is described further in Section 7. 
 

 Another thing that must normally be considered is infiltration, which is groundwater or rainfall 
seepage that finds its way into the system through pipes and joints. Depending on the condition of 
the current collection system, infiltration could substantially increase the wastewater flows, 
especially during periods of high precipitation, which generally occur between January and April 
in Ecuador. However, again, due to the space constraints on wastewater treatment operations this 
does not play a role in the design. 

 
Load characteristics for the wastewater in Cajabamba were also unavailable, so they were 
estimated based on conservative numbers for typical domestic wastewater, as shown in Table 3.5. 
The combined sewer flow that eventually reaches the treatment site will be septic tank effluent 
combined with stormwater, so the concentrations will be reduced from those presented in Table 
3.5. 

Table 3.5. Wastewater Characteristics.7 

Parameter Concentration [mg/L] 

Total solids 1200 
Dissolved solids (TDS) 850 
Suspended solids 350 
Nitrogen (as N) 85 
Phosphorus (as P) 20 
Chloride 100 
Alkalinity (as CaCO3) 200 

Grease 150 
BOD5 300 

                                                      
6 Reynolds, Tom D., and Paul A. Richards. Unit Operations and Processes in Environmental Engineering: 98. 
7 Pescod, M. B. "Wastewater characteristics and effluent quality parameters." FAO Corporate Document Repository. 

http://www.fao.org/docrep/T0551E/t0551e03.htm. 
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Design Summary 
 

The recommendations made by Team Equatic Ecuador are presented in a phase-oriented format, 
and are outlined in the table below. The intention of this structure is to allow changes to build 
successively while generating income for future changes. In general, the recommendations also 
become more complex and more expensive as the phases progress. 
 

Table. Phase outline 
 

Phase Description 
I Operational changes to existing water treatment plant 
II Simple modifications to water treatment plant, metering of 

the distribution system. 
III Additions to the water treatment plant, river water source 

protection, combined sewer extensions 
IV Septic tanks, combined sewage treatment 
V Well implementation 

 
 
Phase I is dedicated to purely operational changes to the current systems in Cajabamba. This 
phase does not include any construction or require changes in financing plans that the city 
currently utilizes. The goal of this phase is to increase the quality of water being delivered and the 
efficiency of the existing water treatment facilities without additional cost. First of all the well 
should be pumped 24 hours a day and the reservoir should not be closed off at night, which will 
help stabilize the pressures in the system. The other recommendations have to do with the 
operations of individual treatment processes in the plant. Pressurized flushing of the roughing 
filters is recommended to ensure that sediment does not build up to the point of clogging the 
media. Both the roughing filters and the slow sand filters should have multiple beds running in 
parallel, which will improve their performance for several reasons. Additionally, performance of 
the slow sand filter beds will be greatly increased by allowing the schmutzdecke to ripen before 
putting the bed into operation. 
 
The recommendations in Phase II are modifications to Cajabamba’s water treatment systems that 
will allow for more efficient operations while also making it possible for later changes to be 
implemented. Some of these changes require small-scale construction, but will allow the city to 
generate a larger base income because they will be making drinking water more reliable and 
readily accessible. Included in Phase II are changes to filter media in the roughing filters to allow 
for a better effluent quality, changes to the slow sand filter, and renovations of the river capture 
intake. Each of these aspects will contribute to a cleaner water supply for the town of Cajabamba. 
Additionally, water usage meters should be installed at the reservoir and at each home to allow 
for an analysis of the town’s water usage.  
 
Phase III calls for the addition of fabric filtration with geotextile fabric and screening at the 
roughing filter intake. This will allow for screening of small organic matter as well as create a 
method to counter turbid flow events which clog the roughing and slow sand filters. Additionally, 
a chlorination dosing system is proposed to provide a more consistent quality of disinfection. The 
recently built, but unused chlorination tank will also begin to be used in this phase. Piping in the 
drinking water distribution system should be fixed as leaks are found through the analysis of the 
system described in Phase II. In an effort to continue protection of existing water sources, it is 
recommended that vegetation be planted on the exposed mountain slopes just upstream of the 
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river capture intake. This will prevent unwanted sediment from entering the drinking water 
treatment plant facilities. Finally, to address the addition of new neighborhoods, it is 
recommended that combined sewer piping be placed in areas that do not yet have such facilities.  
 
Phase IV is completely dedicated to the treatment of combined sewage. It is first recommended 
that septic tanks be placed near clusters of homes and commercial operations. This will allow 
pathogens in the sewage to settle and be pumped out at a later date for drainage field disposal and 
land application. Because the majority of Ecuador does not treat wastewater this is a somewhat 
novel approach. However, Team Equatic Ecuador feels that this is an important step in 
developing areas to ensure adequate hygiene. 
 
The final proposal in this project comes in Phase V with the addition of two new wells. This will 
make wells the exclusive source of drinking water for Cajabamba. Once this is in place, the river 
and springs can be eliminated as water sources and much of the treatment facility can be shut 
down. Well water is the most reliable source of water as it can be protected the easiest. The 
disinfection process will still take place at the treatment plant when the three wells are in 
operation. 
 
The timeline for implementation of these phases is not extremely strict, but each phase should 
begin a specific number of years from the current date. Because Phase I has no negative financial 
repercussions, it should be implemented as soon as possible. This will allow Cajabamba to 
generate income sooner and allow them to implement Phase II faster as well. Phase II 
recommendations should begin one year from now. It is important to begin this phase as soon as 
possible in order to use water meters so the town can charge for water by cubic meter. Phase III 
construction should start four years from now because it includes relatively low cost treatment 
facility additions as described in section 9. Additions to the combined sewer system can be done 
over a longer time period if necessary. Phase IV should begin ten years from now. This gives the 
town considerable time to generate an income from previous phases, but still ensures up-to-date 
hygienic practices are implemented in a timely fashion. Finally, Phase V should begin eighteen 
years in the future because the design life for much of the drinking water systems is 20 years. It 
may take up to a few years to finish the wells once construction begins, so they should be 
operational at the end of the current design life. 

4. Phase I Recommendations 
 

Phase I is dedicated to purely operational changes to the current systems in Cajabamba. This 
phase does not include any construction or require changes in financing plans the city currently 
utilizes.  

4.1. Water Sources Operations 

4.1.1. Wells 
 

The first operational change proposed in Phase I is to begin running the well twenty-four hours a 
day and seven days a week, as it is currently turned off in the afternoon. By running the well full 
time, the need to close the reservoir overnight will be eliminated. Operational changes to the 
reservoir are discussed in Section 4.3. With the change in the well operation and subsequent 
reservoir operation, the system will no longer reach high pressure levels as discussed in Section 
2.3 because the reservoir water levels will be more consistent. This change should take place as 
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soon as possible in order to ensure that the system no longer experiences pressures that are too 
high. 

4.2. Drinking Water Treatment Facility Operations 

4.2.1. Roughing Filter 

Pressurized Flushing 

Without modifying the roughing filters in any way, a greater level of efficiency can be attained by 
maintaining a regular cleaning schedule. Manual cleaning of the roughing filters is a very labor-
intensive process that should be avoided if at all possible. A viable alternative that has recently 
been implemented is flushing the bays with pressurized water to keep the media free of sediment 
and eliminate the need to remove the media for cleaning. 
 
In the flushing process, instead of passing through the filter, river water is diverted into a hose, 
which pressurizes the flow. That flow is then applied to the top of the filters and flushed through 
vertically, dislodging any built up sediments and carrying them out through the open underdrain. 
 
Regular flushing should be able to keep the roughing filters in proper working order, without the 
need to remove and manually clean the media. However, if a regular schedule is not kept, the 
filters will clog to the extent that flushing alone will not be able to free the filter of built up 
sediment, and manual cleaning will be required. Therefore, it is recommended that a regular 
schedule for flushing be maintained, as laid out below. 
 
The current requirements for flushing remain unquantified, as it is a relatively new technique for 
maintaining the roughing filters. However, during periods of high turbidity, the filters have been 
shown to clog quite quickly. Therefore, it is initially recommended that flushing be done monthly 
during periods of high rainfall and bi-monthly during drier periods. This initial schedule should 
be modified based on the performance of the filters as observed by the plant attendants. 

Parallel Operation 

In addition to regular flushing, it is recommended that multiple roughing filters be in operation in 
parallel at any given time. For peak efficiency, the applied loading rate, VF, should be between 
0.5 and 1.5 m/hr. The current cross-sectional area of the filters is 9.0 m2, and the flow from the 
river intake fluctuates between 6 and 12 L/s, depending on the time of year. Table 4.1 shows the 
resulting loading rates, in m/hr, calculated for every possible configuration of roughing filter 
operation, from a single filter in use up to all five operating in parallel, under both high and low 
flow conditions. 

 
Table 4.1. Roughing Filter Applied Loading Rate Calculations. 

Flow 
[L/s] 

Number of Filters Operating in Parallel 
1 2 3 4 5 

6 2.4 1.2 0.8 0.6 0.5 
12 4.8 2.4 1.6 1.2 1.0 

 
Table 4.1 shows the need for multiple roughing filters to be operating in parallel. In order to 
operate at the desired level, two filters need to be in operation at all times. During periods of 
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higher flow, there should be at least one additional filter in operation, for a total of at least 3 
operating in parallel. This should also help to reduce the frequency of clogging in the filters, as 
the sediment load will be more distributed. 

4.2.2. Slow Sand Filter 
 
 There are two operational recommendations for the slow sand filtration beds in Phase I, which are 

running two beds in parallel, and maintaining effective cleaning practices. The two operating 
sand filter beds should be run in parallel as often as possible for three reasons, the first being that 
slower flow rates through the sand media ensure effective water filtration. Operating at flow 
velocities that are too high can decrease filtration effectiveness up to 50% for bacteria and 
protozoa, and up to 80% for viruses8. High flow velocities also clog the filters faster, which 
increases the frequency of which the beds need to be cleaned. The velocity through one filter bed 
varies between 0.28 and 0.66 m/hr, which is far from the ideal 0.08 to 0.24 m/hr range9. This is a 
wide range due to the varying flow rates the filters receive from the river water, which are 
described in Section 2.1. Operating two sand filter beds in parallel would decrease the velocities 
to between 0.14 and 0.33 m/hr, which is much closer to the acceptable range. The second reason 
is that it allows for a mature schmutzdecke to be maintained at all times, which is also imperative 
for effective filtration. The schmutzdecke, or “dirty layer”, is a biologically active layer that 
forms in the first few centimeters of filter media, and does most of the filtering in a slow sand 
filter. It takes 1 to 14 days to ripen10, and when it is immature the filtration effectiveness 
decreases dramatically. Water testing of the effluent should be performed to determine the 
necessary ripening period for the sand filter beds. The beds should be cleaned on an offset 
schedule so that one can be cleaned while the other has a mature schmutzdecke to treat water. 
With this methodology both sand filter beds should be able to be run in parallel for the majority 
of the time, depending on the time required to ripen a schmutzdecke. The third reason is that 
minimizing flow velocities also decreases the frequency at which the sand filter beds must be 
cleaned, since the beds clog faster with higher flow velocities. This also decreases maintenance 
costs since less cleaning is required. 

 
 Effective cleaning practices should involve the minimization of downtime and efficient 

schmutzdecke maintenance. To minimize downtime the cleaning methodology should be 
optimized. The recommended methodology is shown in Table 4.2. Efficient schmutzdecke 
maintenance is also accomplished by following the recommended methodology. Assuming a 4-
week runtime per bed and 3-day schmutzdecke maturation time, following this methodology 
would keep two beds running in parallel 81% of the time.  
 
 
 
 
 
 
 
 
 
 

                                                      
8 Guidelines for drinking-water quality. 3rd ed.: World Health Organization, 2006. 
9 Ten State Standards 
10 Letterman, R.D. & Cullen T.R. Jr. Slow Sand Filter Maintenance: Costs and Effects on Water Quality. 

EPA/600/S2-85/056 (Aug. 1985). 
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Table 4.2. Recommended Slow Sand Filter Cleaning Methodology. 

Duration Action 

Start ·  Change effluent stream to waste overflow 
when terminal head loss is reached. 

1 hour(estimated) ·  Drain the filter bed. 

1 day11 

·  Remove the schmutzdecke with shovels (first 
few cm). 

·  Once sand depth reaches 0.8 m the bed needs 
to be resanded. 

1 – 14 days10 
·  Allow the schmutzdecke to ripen with 2–4 L/s. 
·  Ripening time is estimated to be 7 days. 

End ·  Reinstate effluent flow. 
 

 Once the 0.8 m minimum bed depth is reached, the filter bed media needs to be replenished by re-
sanding up to the maximum filter bed depth. Setting the maximum bed depth at 1 m allows each 
filter bed to operate through 7 cleaning operations. The re-sanding operation will take 
approximately 50 work-hours per bed12. 

4.3. Drinking Water Distribution Management 
 

As previously discussed, the reservoir is closed when the well pump is shut down each day. This 
dramatically increases pressures in the distribution system by early morning because reservoir 
water levels increase overnight. By keeping the reservoir open at all hours the head levels will 
stabilize and become more constant. This should be done concurrently with allowing the well 
pump to run continually. Currently, the maximum pressure reached in the system is 88 m of head 
(125 psi). This pressure occurs each morning when the reservoir is reopened. As discussed in 
Section 2.3, the maximum pressure in the system should be limited to 63.3 m (90 psi). This will 
allow the distribution system to remain within the pressure limits and ensure consistent head 
levels in the reservoir. 

5. Phase II Recommendations 
 

Phase II includes recommendations for Cajabamba’s water systems that will allow for more 
efficient operations and later recommendations to be implemented. Some of these changes require 
small-scale construction, but will allow the city to generate a larger base income because they 
will be making drinking water more reliable and readily accessible.  

5.1. Drinking Water Treatment Facility Renovations 

5.1.1. Roughing Filter Improvements 

Filter Media Replacement 

                                                      
11 From Cajabamba Public Works 
12 Collins, M. R., T. T. Eighmy, and James P. Malley Jr. "Evaluating Modifications to Slow Sand Filters." American 

Water Works Association Journal 83, no. 9 (1991): 62-70. 
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Rain events can cause sediments to be flushed into the Cicalpa River upstream of the intake, 
which leads to highly turbid water being conveyed to the treatment plant. This water is one of the 
reasons that the roughing filters clog so often, because they are unable to handle the extreme 
jump in turbidity. This problem should be addressed with the fabric filtration unit, which is a part 
of Phase III. However, another likely reason that the roughing filters clog so frequently is that the 
media size in the filter beds is too large. 
 
The media size in the roughing filters should range from 20-25 mm in the first bay down to 
around 4 mm in the final stage, with the length of the bays also decreasing in the direction of 
flow. The media currently in the first bay of the roughing filters is too large and should be 
replaced. The recommended solution is to remove the gravel from the first bay and set it aside for 
future use, as discussed further in the recommendations for Phase IV. Once the first bay is empty, 
the media currently in the second bay should be transferred to the first bay, as it is an appropriate 
size for the initial bay of the roughing filter. Similarly, the gravel from the third bay can be used 
in the second bay. Finally, a smaller gravel size is recommended for the third bay of the roughing 
filters, with an average media diameter of roughly 4 mm. This arrangement should allow the 
roughing filters to operate in a more efficient manner. 

 
 Pressurized Flushing Schedule 

The Phase I recommendations include maintaining a regular schedule for pressurized flushing of 
the roughing filters. With the media replacement complete, the roughing filters should not clog as 
easily as in the past, and the flushing schedule should be adjusted accordingly. A gradual 
decrease in frequency of flushing is recommended, and the performance of the roughing filters 
should be monitored to insure that clogging does not occur unnecessarily during this process. 
Under proper operating conditions the roughing filters should be capable of remaining in use for 
at least several months at a time without clogging with sediment. The specific site conditions will 
play a role in the performance of the filters, which makes monitoring the bays essential until a 
site-specific schedule can be developed and implemented. 

5.1.2. Slow Sand Filter Improvements 
 
 There is one recommended improvement for the slow sand filters in Phase II, which is repairing 

the leaks in the western filter bed. This will allow running three filter beds in parallel, and will 
provide more redundancy in the system when a bed must remain offline for an extended period of 
time. It is unknown what is leaking in the western filter bed, whether it is the concrete bed itself 
or piping connections. Once the bay is repaired it should be used in the regular cleaning rotation 
as proposed in Phase I under 4.2.2. 

5.1.3. River Capture Pretreatment Improvements 
 

There are three proposed renovations for the river capture structure in Phase II. These renovations 
are a bar rack structure, removal of the small intake grate, and removal of the green coarse filter 
fabric.  

 
There is no bar screening besides the intake grate which presents problems with cleaning and is 
not as effective as a proper bar rack. The proposed bar screen has 10 mm thick steel rods with 7 
mm spacing and shall be mounted at a 45 degree angle to facilitate easy manual raking. The top 
of the rack shall be mounted to the existing concrete cross beam before the intake chamber and 
the bottom of the rack shall be mounted to the second existing silt wall. This location of the bar 
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rack seals off the intake chamber. The proposed bar rack design is shown in Figure 5.1 and Figure 
5.2.  
 

 
Figure 5.1. Proposed Bar Screen Plan View. 

 
Figure 5.2. Proposed Bar Screen Profile View. 

The existing intake grate shall be removed so that it will no longer present a cleaning issue due to 
its difficult location. Calculations for the proposed bar screen are shown in Appendix B. 

5.2. Drinking Water Distribution Improvements 

5.2.1. Reservoir Metering 
 

In Phase II, the team also recommends the addition of a flow meter on outlet of the drinking 
water reservoir storage unit. This will allow the public works officials to accurately gauge how 
much water the town demands daily. By using this data along with data provided by individual 
home flow meters, as described below, the town will be able to identify the amount of water lost 
to leaks, which is the starting point for drinking water distribution pipe renovations. The flow 
meter for the reservoir shall be an FTI, Flow Technology Model FT-40 (see Appendix C), or 
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equivalent. This size flow meter will be able to tolerate all flows experienced by Cajabamba’s 
water reservoir. 

5.2.2. System Metering 
 

In addition to installing a meter on the reservoir, it is recommended that the town ensures that 
every home connected to the distribution system has a water meter installed. While some homes 
already have a meter, it is unclear whether they are read regularly. The model that is already 
installed on some homes should be used for the new installations as well. Additionally, these 
meters should be read at regular, monthly intervals.  

5.2.3. Analysis with Metering Data 
 

After installing the above meters, the town should collect and summarize data to allow for a basic 
analysis of water usage within the distribution system. This should begin with monthly readings 
of every home’s water meter. Concurrently, the reservoir meter should be checked daily to ensure 
it is working properly. Daily readings from the reservoir water meter should then be converted to 
monthly usage numbers. Theoretically, the monthly reading from the reservoir meter should be 
equal to that of the sum of those on individual homes. It will most likely be the case that this is 
not true. Therefore, this will allow the town to realize an actual volume of water lost due to leaks 
throughout the system. With this number in mind, numbers from individual home need to be 
reanalyzed in an upstream-to-downstream order. This will show where the leaking pipes exist. 
Once these pipes are identified, the town can rectify the situation, as described in Phase III. 

5.3. Drinking Water Source Protection 

5.3.1. Spring Protection 
 

Cleaning and resealing of all the spring capture structures is proposed in Phase II. Currently, the 
spring capture structures are cleaned a few times a year. An example of the organic matter that 
collects in the capture structures is shown in Figure 5.3. If these capture structures are cleaned, 
repacked with gravel, and sealed from the outside, then this organic matter should no longer form 
inside. Cleaning should be done by removing all trash, vegetation, and other organic matter. The 
bottom of the capture structure should then be packed with gravel. Lastly, the concrete structure 
should be checked for leaks, and if any are discovered, they should be sealed. The removable 
cover of the capture structure should also be inspected and replaced if it does not seal properly.  
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Figure 5.3. Site Photograph - Vegetation Inside Spring Capture. 

6. Phase III Recommendations 

6.1. Drinking Water Treatment Facility Renovations 

6.1.1. Fabric Filtration and Screening Box 
 

The proposed fabric filtration and screening box has two treatment purposes for the incoming 
river water. The first purpose is to provide fine screening of the incoming flow to stop debris like 
leaves, twigs, and small pieces of trash that passed the bar rack at the river intake structure. The 
second purpose is to reduce the frequency of clogging of the roughing and slow sand filters due to 
turbid river water events. The filtration box is not intended as a replacement for the roughing 
filters and should allow small sediment loads through. The Cicalpa River becomes turbid when 
heavy rains wash sediments into the water from the unvegetated hillslopes due to land 
development and agriculture. 

 
The geotextile fabric will protect the downstream processes by clogging due to the turbid river 
water and diverting the water to an overflow weir. This will effectively shut off the river flow to 
the treatment plant without any worker intervention. Once the river water clears, flow can be 
reinstated by removing the geotextile fabric frame and washing it with a hose. The ease of this 
cleaning process provides an advantage over the more laborious cleaning of the roughing or slow 
sand filters. Several different types of geotextile fabric with varying opening sizes will need to be 
tested before an optimal configuration is found. A balance will need to be established between the 
time that it takes to clog the fabric during normal conditions, and the time that it takes to clog 
during conditions of excessive turbidity. 

 
The filtration box shall be constructed with concrete and contain two slots to facilitate the sliding 
in-and-out of frames with mounted screen or geotextile fabric. The river water will flow into one 
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side, pass through the screen and geotextile fabric, and then exit into the roughing filter intake. 
Figure 6.1 shows the box location. When the geotextile fabric clogs, the water will be diverted to 
the overflow weir located at the top of the structure. The box was sized as large as possible (1.2 x 
1.2 x 1.2 m) while keeping the fabric and screen size frames small enough for ease of cleaning. 
The large size is important so that various geotextile fabrics can be used without worry that there 
will not be enough flow area to handle the river water flow rate. The larger size also increases the 
time elapsed between cleanings, which reduces maintenance requirements. The proposed design 
is shown in Figure 6.2, Figure 6.3, and Figure 6.4. Calculations for the design are shown in 
Appendix C. 

 

 
Figure 6.1. Fabric Filtration and Screening Box Location. 



35 
 

 
Figure 6.2. Fabric Filtration and Screening Box Plan View. 
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Figure 6.3. Fabric Filtration and Screening Box Profile View. 

 
Figure 6.4. Fabric and Screen Mounting Frame Detail. 

 Once the fabric filtration and screening box is in place the green filter mesh at the river intake 
should be removed as it would no longer be necessary. A screen with a comparable opening size 
to the existing green mesh should be put in place in the first slot of the filtration box.  
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6.1.2. Chlorination Dosing System 
 

As described in Section 2.2.3, the existing chlorination process does not provide continuous or 
reliable disinfection. Figure 6.5 shows the chlorine contact tank that has recently been built, but is 
not being used. Until there is a dependable dosing system, the chlorine contact tank will not be in 
use, which means the water will not be able to have enough contact time with the chlorine dosing 
to ensure complete disinfection. A dosing system has been designed in order to resolve this issue.  

 

 
Figure 6.5. Site Photograph - Unused Chlorine Contact Tank. 

One of the main issues with the current disinfection process is the lack of continuity from the 
dosing method. The concentration of chlorine solution that is dripped into the cleaned water is 
variable due to a differing flow rate and water level in the solution tank. Currently, an operator 
fills the tank up and adds a dose of sodium hypochlorite twice daily. The solution is continually 
dripped during this process, however, which leads to irregularity in the chlorine dosing. The dose 
of sodium hypochlorite is added while the tank level rises with water. As the tank level rises, the 
concentration of chlorine decreases. Also, because of a differing water level, the head in the tank 
changes, which leads to variable flow rates. The change in concentration as well as the variation 
in flow rate does not allow the current disinfection system to be reliable. In order to resolve this, a 
new dosing system is being proposed to create a steady concentration and flow rate entering the 
chlorine contact tank so that disinfection can be consistent.  
 

 The dosing system will be housed in what is currently an unused building several meters to the 
southwest of the existing chlorine contact tank. The location of this building at the treatment plant 
can be seen in Figure 2.10. Presently, the building is comprised of two small rooms separated by 
one wall. A photograph of the building can be seen in Figure 6.6, while Figure 6.7 and Figure 6.8 
show a plan and profile view of the proposed dosing system, respectively. In order to 
accommodate the space needed for the dosing system, it is recommended that the inner wall be 
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removed to make one large room in the building. The dosing system will be placed on the side 
nearest the existing chlorine contact tank.  
 

 
Figure 6.6. Site Photograph - Unused Building at WTP. 
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Figure 6.7. Chlorine Dosing System Plan View. 

 
Figure 6.8. Chlorine Dosing System Profile View. 

The new dosing system will consist of three tanks working together to maintain a steady flow rate 
and chlorine concentration. Each tank will have a pipe taking the chlorine solution from that tank 
to a central node where the three flows will combine into one. The pipe from the central node will 
connect into the existing unused pipe between the current chlorination building and the existing 
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chlorine contact tank as shown in Figure 6.7 and Figure 6.8. In order to connect to the existing 
line, a 33 cm section will need to be cut and removed to allow for a new three-way T-section. 
From there the combined chlorine solution and cleaned water will flow into the chlorine contact 
tank for the appropriate contact time before being released into the reservoir for distribution. 
 
Each day one tank will be refilled, which will mean each tank will be filled once every three days. 
This will allow for different head levels in each tank on any given day. The different head levels 
provide differing flow rates coming out of the tanks. The chlorine concentrations leaving from 
each tank will be identical. Combining the three different flow rates in the central node will result 
in a steady flow rate at a constant concentration. Each day there will be one tank at 1/3 capacity, 
one at 2/3 capacity and one at full capacity. Since these levels will be constant by filling one tank 
each day, the flow rate will remain relatively constant over each day with only the normal 
variation within a day from the overall head level decreasing. This system also provides a 
constant concentration by mixing the different flows into one stream. This is necessary to ensure 
a reliable disinfection method. Otherwise, the community could not be sure all the water was 
receiving the same level of treatment.  

 
The tanks shall each have a volume of 550 L and dimensions as shown in Table 6.1 below. Each 
tank is made of plastic, in a conical shape. The tanks should be purchased from a local dealer. 
The pipes will connect into the tank through a hole made in the side of the tank. On each side of 
the hole a flange will be bolted to the tank. The pipe going to the central node will connect into 
the flange on the outside of the tank. The associated costs are shown in the financial section 
below.  

Table 6.1. Chlorine Dosing Tank Dimensions. 

Chlorine Dosing Tank Dimensions 
Capacity 550 L 

Diameter (Top) 1010 mm 
Diameter (Bottom) 780 mm 

Height 940 mm 
 

Each pipe from the tanks will have a check valve to control the flow rate coming from that tank 
and to ensure as a precaution that water from the central node does not back up into that pipe. An 
EPANET study was done to show that the water will flow in the direction proposed due to the 
lower pressures at the central node and chlorine contact tank. This can be seen in Appendix E. 
The constraints used to design the dosing system are listed below in Table 6.2.  
 

Table 6.2. Dosing System Design Constraints. 

Water Supply 16-22 L/s 

Average Dosage (free chlorine) 1-2 mg/L 

Accepted Chlorine Range 22 -32 mg/s 
 

The design flow rate from the central node will be 550 L/day (6.37 x 10-3 L/s). This will allow for 
each tank to filled every three days, or one tank being filled per day. By decreasing the amount of 
times to fill the tanks per day, the process can become more regulated. The flow rate from the 
central node and from each tank will be set and monitored from the valves placed in each pipe. 
The flow rate from each tank to the central node should be set to .0032 L/s when the tank is full. 
As the tank drains the flow rate will decrease in proportion to the head of the tank. Using the flow 
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rate from the central node and the accepted chlorine range, the amount of chlorine in the form of 
sodium hypochlorite can be calculated. These calculations are shown in Appendix E. There will 
be 2.9 kg of sodium hypochlorite (household bleach) added per day to a full tank.  
 
A hydraulic analysis was performed on this system to ensure that the system was capable of the 
design flow. As shown in Appendix D, the dosing system is hydraulically sound. By estimating 
the head in each tank assuming one tank at 1/3 capacity, 2/3 capacity and full capacity, the 
resulting flows from each tank and the flow from the central node were calculated. Table 6.3 
shows that these flows exceed the design flow, meaning the system provides more than enough 
head to guarantee the dosing system will flow by gravity. The letters in the table correspond with 
the flow coming from each tank with A being at 1/3 capacity, B at 2/3 capacity, and C being at 
full capacity and D being the flow coming from the central node of the system.  

 
Table 6.3. Hydraulic Flow Analysis of Dosing System. 

Hydraulic Flow Analysis 
A 9.4 L/s 
B 26.1 L/s 
C 15.2 L/s 

D 50.8 L/s 
 
As shown by the hydraulic analysis and dosage calculations, the new dosage system is simple and 
dependable for the disinfection process. It is recommended that this system be used in 
conjunction with the existing chlorine contact tank.  

 
The contact time for the existing system was calculated using the design parameters present in 
Table 6.4 below. For this calculation it was assumed there were no baffles in place.  

 
Table 6.4. Chlorine Contact Time Analysis Parameters. 

Water Temperature 15°C 
pH 7 

Normal Flow 22 L/s 
Average Dosage (free chlorine) 1-2 mg/L 

Average Dosage (NaOCl) 1.05-2.10 mg/L 

CT value for 99% removal of Giardia 80.3 mg·min/L13 

Un-used Chlorination Tank Volume 41.6 m3 

Unused Chlorination Tank Diameter 5.38 m 

Unused Chlorination Tank Height 1.83 m 
 

The calculations shown in Appendix D demonstrate two different methods of calculating contact 
time. The first calculation is the contact time that results from the existing system. The second 
calculation is the contact time given by the World Health Organization regulations to remove 
99% of Giardia in drinking water, which is a common pathogen used to quantify quality 
standards. The contact time with the existing tank is 31.5 minutes whereas the contact time 

                                                      
13 World Health Organization. "Guidelines for Drinking Water Quality." Vol. 1. 

http://www.who.int/water_sanitation_health/dwq/gdwq0506.pdf.: 140 
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necessary for Giardia removal is 38.2 minutes.  The difference in these contact times shows that 
the existing system should be improved in order to increase the time in the contact tank.  

 
It is recommended that the chlorine contact time be increased by constructing a baffle structure 
within the chlorine contact tank. The baffle structure will elongate the path travelled in the 
contact tank to increase the contact time. By increasing the contact time, the disinfection system 
will be more reliable as a process which will give the community more faith in the water they 
drink from the tap. The baffling structure designed for this tank is shown in Figure 6.9 below, and 
takes into consideration the relation between the L/W ratio and time in the tank.  

 

 
 

Figure 6.9. Existing Chlorine Contact Tank with Proposed Baffling. 

6.2. Drinking Water Distribution Renovations 
 

Renovations to the drinking water distribution network in Phase III are a follow-up to the analysis 
done on the system after metering has been installed, as described in Phase II. Once the water 
usage data is reviewed and analyzed, the public works officials should have a better grasp on 
which pipes within the distribution system are leaking. It is recommended that these leaks be 
addressed as soon as possible by either sealing them, or, if necessary, by replacement of the entire 
pipe. Once this process begins, the water usage meter readings in the reservoir and individual 
homes should begin to equalize. There will be less wasted water, and the demands on the system 
will also decrease.  

6.3. Drinking Water Source Protection 
 
Phase III calls for protection of the river water at the capture point. As Figure 6.10 shows, the 
nearby hill slopes are completely exposed to the elements. This allows small gusts of wind, as 
well as animals and rain to push large amounts of sediment into the river not more than 75 meters 
upstream of the river capture. With such turbid water upstream, the downstream processes such as 
roughing filtration and slow sand filtration will not be effective to their potential, which, in turn, 
results in less drinking water for Cajabamba.  



 

Figure 6.10. Site Photograph 

 
To protect the river capture from strong sediment loads, it is recommended that vegetation be 
placed on the hill slopes. This will allow roots to take place and create a sturdier slope. Most 
likely, larger vegetation would not take root for too long becaus
vegetation should be in the form of native groundcover. 

6.4. Combined Sewer System
 
As discussed in 2.4, the city of Cajabamba currently has a relatively complete combined sewer 
system, although there are still several regions that are without service. New combined sewer 
piping has been designed to extend the current system to service these areas of town. In general, 
these areas are sloped such that the only constraint observed is a minimum cover of one meter, 
and the piping is then connected into the existing system. The proposed sewer is asbes
concrete to match the existing, with 30 cm diameter pipe proposed in all the areas except in the 
Evangelista and Miraflores neighborhoods, where 20 cm pipe is proposed. The proposed 
additions to the combined sewer system can be seen in 

 

. Site Photograph - Exposed Slopes Upstream of River Intake.

To protect the river capture from strong sediment loads, it is recommended that vegetation be 
placed on the hill slopes. This will allow roots to take place and create a sturdier slope. Most 
likely, larger vegetation would not take root for too long because of its weight. Therefore, the 
vegetation should be in the form of native groundcover.  

System Renovations 

, the city of Cajabamba currently has a relatively complete combined sewer 
system, although there are still several regions that are without service. New combined sewer 

d to extend the current system to service these areas of town. In general, 
these areas are sloped such that the only constraint observed is a minimum cover of one meter, 
and the piping is then connected into the existing system. The proposed sewer is asbes
concrete to match the existing, with 30 cm diameter pipe proposed in all the areas except in the 
Evangelista and Miraflores neighborhoods, where 20 cm pipe is proposed. The proposed 
additions to the combined sewer system can be seen in Figure 6.11. 
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Exposed Slopes Upstream of River Intake. 

To protect the river capture from strong sediment loads, it is recommended that vegetation be 
placed on the hill slopes. This will allow roots to take place and create a sturdier slope. Most 

e of its weight. Therefore, the 

, the city of Cajabamba currently has a relatively complete combined sewer 
system, although there are still several regions that are without service. New combined sewer 

d to extend the current system to service these areas of town. In general, 
these areas are sloped such that the only constraint observed is a minimum cover of one meter, 
and the piping is then connected into the existing system. The proposed sewer is asbestos 
concrete to match the existing, with 30 cm diameter pipe proposed in all the areas except in the 
Evangelista and Miraflores neighborhoods, where 20 cm pipe is proposed. The proposed 
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Figure 6.11. Proposed Additions to Combined Sewer System. 

7. Phase IV Recommendations 

7.1. Combined Sewage Treatment Overview 
 

Due to space constraints and other factors, a hybrid system with two distinct treatment stages is 
recommended for the treatment of the combined sewage in Cajabamba. The first stage of the 
treatment process is septic tanks, which are designed to handle sanitary flow from multiple 
residences or commercial locations. The effluent from the septic tanks will then be discharged 
into the existing combined sewer system. The partially treated sanitary effluent will be combined 
with any storm flow that is captured and conveyed to the centralized discharge location, at which 
point the combined flow will undergo the second stage of treatment. After initial screening to 
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remove any remaining rags and floatables, the flow will proceed into a soil absorption system, 
which will discharge the water via perforated pipes under the ground surface. The water is then 
allowed to percolate through the soil, which acts as a natural filter, before eventually returning to 
the groundwater. 
 
More traditional treatment methods, such as sedimentation and trickling filters, were initially 
considered, but were ruled out for several reasons. First of all, these systems are more complex, 
both to implement and to maintain, and one of the main goals of this design is to keep the process 
simple to implement and operate. The second and primary reason that conventional treatment 
methods were deemed infeasible is the space limitations at the treatment site. There is very little 
space available at the current discharge point for the construction of a conventional treatment 
arrangement, and there are no suitable alternative locations. For these reasons a hybrid system is 
the recommended solution. 

7.2. Septic Tanks 

7.2.1. Residential Tank 

Sizing Considerations 

The residential tank was designed as an onsite treatment method for Cajabamba’s wastewater 
needs. “Septic tanks are buried, watertight receptacles designed and constructed to receive 
wastewater from a home, to separate solids from the liquid, to provide limited digestion of 
organic matter, to store solids, and to allow the clarified liquid to discharge for further treatment 
and disposal. Settable solids and partially decomposed sludge settle to the bottom of the tank and 
accumulate. A scum of lightweight material rises to the top. The partially clarified liquid is 
allowed to flow through an outlet structure just below the floating scum layer.”14 The residential 
tank is sized to treat six homes. By increasing the number of connections per septic tank there are 
decreased materials and excavation costs due to a smaller amount of tanks needed.  

The residential tank is sized based on the assumptions concerning average wastewater demands. 
As shown from our design constraints the water demand in Cajabamba is 160 L/day/capita. From 
this constraint, the wastewater flow as a percentage of the water demand was determined as 
80%15. The wastewater flow was then found to be 128 L/day/capita. Five people per connection 
were assumed, with six connections per residential tank. The design flow per septic tank was 
calculated to be 3840 L/day. For flows between 2840 to 5680 L/day the capacity of a septic tank 
should be equal to 1-1/2 days of wastewater flow. Using this constraint the capacity of the 
residential tank is 5760 L.  

The residential tank has two compartments in order to give better treatment results due to the 
larger flow it is treating. When a tank is properly divided into compartments, BOD and SS 
removal are improved. The benefits of compartmentalization are due largely to hydraulic 
isolation, and to the reduction or elimination of intercompartmental mixing. Mixing can occur by 
two means: water oscillation and true turbulence. Oscillatory mixing can be minimized by 

                                                      
14 Onsite Wastewater Treatment and Disposal Systems. Washington, D.C.: U.S. Environmental Protection Agency, 

Oct. 1980: 98. 
15 Reynolds, Tom D., and Paul A. Richards. Unit Operations and Processes in Environmental Engineering. 2nd ed. 

Boston: PWS Publishing Company, 1996: 96 



46 
 

making compartments unequal in size and reducing flow-through area16. To reduce this mixing, 
the residential tank has a second compartment that is one-third the size of the first.  

In the first compartment, some mixing of sludge and scum with the liquid always occurs due to 
induced turbulence from entering wastewater and the digestive process. The second compartment 
receives the clarified effluent from the first compartment. Most of the time it receives this 
hydraulic load at a lower rate and with less turbulence than does the first compartment, and thus, 
better conditions exist for settling low-density solids. These conditions lead to longer working 
periods before pump-out of solids is necessary and improve overall performance.17 This allows 
for the tank to treat an increased flow without having to pump-out more often.  

 Design Parameters 

The dimensions for the residential tanks are based off the capacity of the tank and the 
recommended liquid depth for the tank. A recommended liquid depth was assumed using the 
Water Purification, Distribution and Sewage Disposal guide from the Peace Corps. As seen in 
Table 7.1, based on a capacity of 5680 L (1500 U.S. gal) the recommended liquid depth should be 
1.35 m (4.5 ft) with the total depth being 1.7 m (5.5 ft). This allows for a head space at the top of 
the tank which is equal to roughly a fourth of the liquid depth. This space permits ventilation for 
the gases being emitted from the sewage and gives an area for the scum to gather at the top of the 
liquid. It is practice for the length of the first compartment to be about 2-3 times the width of the 
tank. It was assumed for the residential tank that the length of the first compartment is 2.5 times 
the width of the tank. The calculations using these constraints to determine the dimensions of the 
residential tank are shown in Appendix E. The design parameters for the residential tank are 
shown below in Table 7.1.  

Table 7.1. Residential Septic Tank Design Parameters. 

Residential Tank Design Parameters 
Capacity 5760 L 

Volume of 1st Compartment 3.9 m3  

Volume of 2nd Compartment 1.9 m3  
Recommended Liquid Depth 1.35 m 

Total Depth 1.7 m 
Width .95 m 

Length of 1st Compartment 2.4 m 

Length of 2nd Compartment 1.2 m 
 

Figure 7.1 below shows a detailed view of the residential tank with the parameters in place.  

                                                      
16 Onsite Wastewater Treatment and Disposal Systems, 106 
17 Onsite Wastewater Treatment and Disposal Systems, 106 
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Figure 7.1. Residential Septic Tank Profile View. 

The main part of town on the north side of the Pan-American Highway is on saturated soil. This 
can create a problem concerning ground water leakage into the septic tank. In order to resolve this 
issue, the bottom slab of the residential tanks in this area will have a thickness of .61 m instead of 
the .31 m thickness shown above in Figure 7.1.  

Materials 

The residential tank is recommended to be constructed with concrete. Septic tanks are commonly 
made from fiberglass, plastic or concrete. Concrete is very versatile and easy to obtain making it 
the ideal choice for the residential tank. Unlike the off-the-shelf plastic septic tanks, using 
reinforced concrete allows the tanks to be designed and sized for unique situations. As the 
residential tank is sized for a cluster of homes instead of one household, the ability to size for 
distinctive situations was integral. All inlet and outlet structure should be cast iron sanitary tees 
100 mm in diameter. The elbow inside the tank that connects the two compartments should be 
made of a durable and corrosion-proof material. It is suggested for the connection pipe to be a 
cast-iron elbow that is 150 mm in diameter.  

 Access Points 

Each tank will access points to both compartments at the top of each tank. The access points are 
square holes with sides that are .51 m long. Each access point has a reinforced concrete cover. At 
the top of the cover there is a .61 x .61 x .1 m section that will sit on top of the tank and ensure a 
tight seal. The bottom of the cover is .51 x .51 x .15 m which will fit into the access point. The 
covers will have a rebar handle on the top for lifting the manhole off the septic tank. A detailed 
view of an access point is provided below in Figure 7.2.  
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Figure 7.2. Septic Tank Access Point Detail. 

 Figure 7.1 above shows the placement of the access point in the residential tank.  

7.2.2. Commercial Tank 

Sizing Considerations 

The commercial tank is very similar in design to the residential tank, but is intended for use 
primarily for groups of restaurants located along the Pan-American Highway. The tank is sized 
based on estimated sanitary flows from restaurants, calculated on a per customer basis. According 
to the EPA Design Manual for Onsite Wastewater Treatment and Disposal systems, the average 
sanitary flow is 34 L/customer. It was assumed for the purposes of calculating the design flow 
that on average there are 50 customers per day per restaurant. With these assumptions each 
commercial location has a sanitary flow of 1700 L/day. The commercial tank is sized based on 
three commercial connections per tank, giving a design flow of 5100 L/day. The detailed 
calculations for this design flow are shown in Appendix E.  

Design Parameters 

Using the commercial design flow and the same sizing parameters as described for the residential 
tank the design parameters listed in Table 7.2 were developed for the commercial tank. 
 

Table 7.2. Commercial Septic Tank Design Parameters. 

Capacity 7650 L 

Volume of 1st Compartment 5.1 m3  

Volume of 2nd Compartment 2.55 m3  
Recommended Liquid Depth 1.5 m 

Total Depth 1.9 m 
Width 1 m 

Length of 1st Compartment 2.7 m 

Length of 2nd Compartment 1.35 m 
 
A detailed view of the commercial tank with the parameters in place is presented in Figure 7.3.  
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Figure 7.3. Commercial Septic Tank Profile View. 

Materials and Access Points 

The recommended design for material considerations and access points for the commercial tank 
are the same as the given design for the residential tank above.  

7.2.3. Septic Tank Placement 
 

As the tanks will be utilized by clusters of homes, it will be important to install the tank at a 
central location in relation to all homes utilizing the tank. Each house or commercial institution 
sewer will be disconnected from the existing collection system and connected by tank group to a 
central inlet pipe into the tank. The central inlet must be installed at a depth that provides 
adequate gravity flow from each connection. The tank must be placed at a depth that matches the 
invert elevation of the central pipe containing each connection sewer flow and that provides 
sufficient gravity flow by outlet into the existing collection system.  

The most important requirement of installation is that the tank be placed on a level grade. The 
tank should be placed on undisturbed soil so that settling does not occur. If the excavation is dug 
too deep, it should be backfilled to the proper elevation with sand to provide adequate bedding for 
the tank. Tank performance can be impaired if a level position is not maintained, because inlet 
and outlet structures will not function properly.18 

Other considerations for tank placement include making it accessible by truck in order to allow 
for easy pump-out of sewage. The tank should be placed so that the access points are below grade 
in order to prevent accidental entry.  

The central inlet pipe and outlet pipe for the tanks should be 100 mm PVC pipe. The outlet pipe 
will connect each tank to the existing collection system where it will flow by gravity to the soil 
absorption system. 

                                                      
18 Onsite Wastewater Treatment and Disposal Systems, 109 
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Team Equatic Ecuador does not have enough information on the layout of Cajabamba to 
recommend an exact number of septic tanks that will be required, but it is possible to obtain at 
least a rough estimate. There are 863 known connections to the water system, so it is reasonable 
to assume there will be roughly that many sanitary connections as well. The breakdown of 
residential versus commercial connections is unknown, but the vast majority should be 
residential. Based on the fact that the residential tanks will serve six connections and the 
commercial will serve three, a conservative estimate puts the total number of septic tanks at 175. 

7.3. Septage Handling 

7.3.1. Septic Tank Pumping 
 

The accumulation of solids in the septic tank requires that the tank be pumped periodically. When 
first put into use, the tank should be inspected at 6-month intervals to check when pumping is 
required. The tank should be pumped when the sludge level is within 30 cm of the inlet of the 
pipe connecting the two compartments.19 The level at which pumping is required for both 
residential and commercial tanks in shown in Table 7.3, as is the estimated volume that will need 
to be pumped when the sludge reaches that level. The supporting calculations for this can be seen 
in Appendix F. During inspection the condition of the influent and effluent baffles as well as the 
pipe between the compartments should also be evaluated. 
 

Table 7.3. Septic Tank Pumping Schedule. 

Tank 
Sludge Depth at which 
Pumping is Required 

Estimated Volume of 
Septage Pumped 

Residential 0.50 m 2000 L 
Commercial 0.60 m 2565 L 

 
For typical individual home septic tanks, it is recommended that pumping occurs every 3-5 years, 
but the tanks in Cajabamba will likely require pumping annually or semi-annually, due to the 
number of facilities being served by each tank. The frequency of pumping should be determined 
by inspecting the tanks as described above. 

 
The city will need to outfit a truck with a tank and pump capable of pumping the solids out of the 
septic tank. Since more will have to be pumped from the commercial septic tank that is what 
dictates the required tank size and pump specifications for the truck. The recommended tank size 
is 3000 liters, which should be more than enough to carry the septage pumped from one septic 
tank. In order to fit in the back of a pickup truck the tank should be roughly 1.5 m in diameter and 
1.7 m long, ideally with a flat bottom for increased stability. The pump should be a vacuum pump 
capable of pumping the septage from the bottom of the septic tanks into the truck tank, which is a 
head difference of roughly 5 m. A pump with a flow rate on the order of 5 L/s at that head level 
should be sufficient and will be capable of emptying the tank in less than 10 minutes. 

7.3.2. Land Application of Septage 
 

The scum and sludge removed from the septic tanks will still contain some level of pathogens, so 
care must be taken during this stage of the process. The simplest method of handling the septage 
is land application, which also provides additional benefits. 

                                                      
19 King, Teri, and Jodie Holdcroft. "Pumping Your Septic Tank." Washington Sea Grant. University of Washington. 

http://www.wsg.washington.edu/mas/pdfs/pumpseptic.pdf. 
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A location outside of the main part of town is recommended for the land application process, 
since a sizeable area is required and because it can produce foul odors. The land area required is 
determined by a recommended annual application rate (AAR) based on the nitrogen requirements 
of the crop being grown, which are shown in Table 7.4. Since it is unknown what the septage will 
be used for, the lowest AAR, 10.8 L/m2/day, was used for the purposes of determining the land 
requirements. Combining this information with the estimates of the amount of septage to be 
pumped, the area of land required is estimated to be 2.87 hectare (28,700 m2), as can be seen in 
the calculations in Appendix F.  
 

Table 7.4. Recommended Septage Annual Application Rates.20 

Crop 
Expected Yield 

[bushel/acre/year] 
Annual Application 
Rate [gal/acre/year] 

Annual Application 
Rate [L/m2/year] 

Corn 100 38,500 36.0 
Oats 90 23,000 21.5 
Barley 70 23,000 21.5 
Grass & Hay 4 tons/acre 77,000 72.0 
Sorghum 60 23,000 21.5 
Peanuts 40 11,500 10.8 
Wheat 70 40,400 37.8 
Wheat 150 96,100 89.9 
Soybeans 40 11,500 10.8 
Cotton 1 bale/acre 19,200 18.0 
Cotton 1.5 bales/acre 35,000 32.7 

 
The recommended location for the land application is on the northern edge of Cajabamba along 
the old Pan-American Highway. This location is not very densely populated, and it is also far 
from potential water sources, which limits the possibility of cross-contamination. The exact 
location will need to be determined by visiting the area and locating the most convenient site. 
Access to the site should be restricted by the construction of a fence or other measures to prevent 
public interference and limit any spread of contaminants. 
 
Septage should not be applied when the soil is wet21, so, if possible, septic tank pumping and 
subsequent application of the septage should not be done during the rainy season, which generally 
occurs between January and April in Ecuador. Since there will be an estimated 175 total septic 
tanks in the city, and assuming that each tank will be pumped annually, on average one tank 
should be pumped per day in order to insure that all of the tanks are pumped during the dry 
season. 
 
The application of the septage can be done most simply and economically by the same truck used 
to pump the septic tanks. Care must be taken, however, during the application process to not 

                                                      
20 A Guide to the Federal EPA Rule For Land Application of Domestic Septage to Non-Public Contact Sites. 

Washington, D.C.: U.S. Environmental Protection Agency, Sept. 1992. 
http://www.epa.gov/owm/mtb/biosolids/septage_guide.pdf: 27. 

21 Wastewater Treatment/Disposal for Small Communities. Washington, D.C.: U.S. Environmental Protection 
Agency, Sept. 1992: 78. 
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cause too much compaction or rutting of the soil, as this will adversely affect the treatment of the 
septage. 
 
Following this process, the added benefit is the availability of the treated septage for use as a 
fertilizer. The stabilized septage is an excellent source of organic matter and nutrients, and the 
fertilizer can also be sold as a source of income for the city. There are different recommended 
septage maturation periods depending on the crop that the fertilizer is to be applied to. If growing 
an animal feed crop or food crop that does not normally come in contact with the ground, a wait 
time of 30 days is recommended. For crops that do generally touch the ground, the time required 
increases to 14 months. Finally, for crops grown below the ground surface the recommended wait 
soars to 38 months.22 Due to these wait times, it is recommended that the fertilizer only be used in 
the growing of animal feed crops or other food crops that do not contact the ground surface. 
Examples of crops that fall into these categories are shown in Table 7.5.  

 
Table 7.5. Examples of Crops Impacted by Domestic Septage Pathogen Requirements.23 

With Harvested Parts Which... 
Usually Do 

Not Touch the 
Ground  

Usually 
Touch the 
Ground  

Are Below the 
Ground 

Peaches  Melons  Potatoes 
Apples  Eggplant  Yams 
Corn  Squash  Sweet Potatoes 
Wheat  Tomatoes  Rutabaga 
Oats  Cucumbers  Peanuts 
Barley  Celery  Onions 
Oranges  Strawberries  Leaks 
Grapefruit  Cabbage  Radishes 
Cotton  Lettuce  Turnips 
Soybeans  Hay  Beets 

7.4. Centralized Treatment 

7.4.1. Location 
 

The centralized treatment will be located at the current outfall of the combined sewer system, on 
the northern edge of Cajabamba, just west of the Pan-American Highway and on the south side of 
the Cicalpa River, as shown in Figure 7.4. There is currently a small meadow at this location 
which will be utilized for the soil absorption system. 

                                                      
22 A Guide to the Federal EPA Rule For Land Application of Domestic Septage to Non-Public Contact Sites: 33. 
23 A Guide to the Federal EPA Rule For Land Application of Domestic Septage to Non-Public Contact Sites: 34. 
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Figure 7.4. Combined Sewer Centralized Treatment Site Vicinity. 

7.4.2. Flow Regulating Structure 
 

To convey the combined sewage to the new treatment facilities, a new shotcrete channel, with the 
same dimensions as the existing shotcrete, will be connected into the last existing manhole in the 
system, as shown in Figure 7.5. 

 

 
Figure 7.5. Combined Sewer Proposed Shotcrete Channels. 

Upon reaching the centralized treatment site the combined sewer flow will enter a concrete flow 
regulating structure. When the water reaches a certain level in the reservoir it will begin to pass 
over two weirs leading to parallel bar racks. Once the head in the reservoir is such that each of the 
weirs is allowing 75 L/s to pass, for a total of 150 L/s, there is an overflow weir in place to 
convey any excess flow into the existing river discharge conduit via a new shotcrete channel, 
which is also shown in Figure 7.5. The calculations supporting the sizing of these structures are 
shown in Appendix G. 
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As detailed in Section 3.3, the peak sanitary flow is 24.8 L/s and is expected to rise to 31.5 L/s 
over a 20 year period. The soil absorption system fed by the flow regulating structure is designed 
to handle a capacity of 150 L/s. This allows the system to easily handle the additional flows due 
to the fact that it will be treating water from a combined sewer system. Although data on the 
volume of stormwater contributing to the system is unavailable, the additional capacity should be 
enough to manage additional flow generated by storm events. In the case that there is not enough 
capacity, the overflow weir will provide a bypass for the excess flow to the existing discharge 
conduit to the Cicalpa River. This should rarely have to be employed, and in the event it is 
required, the water discharged into the river will contain much diluted concentrations of 
pollutants as it will be primarily stormwater. 

7.4.3. Screening 
 

From the initial reservoir, the flow passes over two weirs to the bar rack system intended to 
remove any remaining rags and floatables. There will be two parallel bar racks with a gate system 
to allow for flow to be shut off to either bar rack if necessary for cleaning or other maintenance. 
Each bar rack will be 0.5 m wide and 1.0 m tall, and the bars themselves will be 15 mm in 
diameter and spaced 33.5 mm apart, as shown in Figure 7.6. Each rack will also be mounted at an 
angle of 45° to horizontal. 

 
Figure 7.6. Combined Sewer Bar Rack Design. 

The channel that the bar racks will be mounted in has specific dimensions to ensure the optimal 
flow rate through the bar racks. The approach velocity should be no less than 0.38 m/s to prevent 
settling, but no more than 0.91 m/s to prevent forcing material through the openings.24 Each 
channel will be 0.5 m wide and sloped at a rate of 0.0018 m/m, with the base of the bar rack 
located roughly 0.9 m from the start of the channel in order to produce uniform flow across the 
screen. Also, the channel will be covered with an aluminum grating to enable easy access for 
cleaning of the bar racks, which will need to be done regularly to keep them operating. Details of 
the grate are shown in Figure 7.7. When first put into operation, the system should be closely 
monitored and the bar racks should be raked daily. Depending on the operation of the system and 
rate of solids build-up on the racks, the frequency of raking could be decreased. 

                                                      
24 Great Lakes-Upper Mississippi River Board of State Public Health and Environmental Managers. Recommended 

Standards for Wastewater Facilities. Albany, N.Y.: Health Education Services, 1990: 60-1. 
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Figure 7.7. Bar Rack Channel Grate Cover Design. 

Downstream of the bar racks there is another reservoir where the flow from the parallel bar racks 
is combined before continuing on into the soil absorption beds. Access to this reservoir will be 
available through a manhole on the roof of the concrete structure. 

7.4.4. Soil Absorption Beds 
 

For soil absorption beds, a header pipe is buried underground to convey the wastewater to the 
absorption field, with a series of 110 mm perforated lateral pipes branching off of the header pipe 
that allow the water to percolate into the ground. The pipes are surrounded by a layer of gravel 
media, with nominal media diameter between 20 and 65 mm to allow for better percolation. Some 
of this gravel layer can come from the gravel removed from the first bay of the roughing filters as 
part of the Phase II recommendations. On top of the gravel is a barrier material, which in this case 
will be a layer of straw roughly 5 cm thick. The rest of the excavation will be backfilled with soil. 
The purpose of the straw layer is to keep the backfill soil from filtering down into the rock and 
decreasing the ability of the wastewater to percolate or potentially clogging the perforations on 
the pipe. The depth of excavation required for the construction of the soil absorption beds will be 
roughly 0.68 m at the northeast corner of the site, where the current elevation is lowest, and 
increasing to the southwest as the land naturally slopes. This is to maintain a constant bed 
elevation throughout the site. A detailed cross-section of the soil absorption beds can be seen in 
Figure 7.8. 
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Figure 7.8. Soil Absorption Bed Cross-Section. 

The outlet from the last reservoir of the pretreatment stage is a 30 cm diameter pipe which serves 
as the header pipe for the soil absorption distribution network. The initial stretch of the 30 cm 
header pipe is laid at a 0.190 m/m slope to generate a head difference, but all of the remaining 
pipes should be laid at as close to a constant elevation as possible. This allows the water to be 
distributed more evenly across the area, instead of all the water tending to flow out of the point of 
lowest elevation in the distribution network.25 

The soil absorption network consists of three different soil absorption cells, as seen in Figure 7.9, 
each of which is made up of several 10 cm perforated pipes branching out from the header pipe, 
which allow the water to soak out into the surrounding soil. The lateral pipes have 15 mm holes at 
8 o’clock and 4 o’clock around the circumference of the pipe, spaced 0.25 m apart along the 
length of the pipe. Each cell covers an area of roughly 140-150 m2. Depending on the soil type, 
different hydraulic loading rates are recommended, as presented in Table 7.6. Since no soil data is 
available for the treatment site, calculations were made based on the lowest recommended 
hydraulic loading rate, 1.0 cm/day. This means that each soil absorption cell can handle at least 
160 L/s. This is why, with an additional factor of safety, the weirs to the soil absorption beds are 
designed to allow 150 L/s to pass before the overflow weir and bypass structure is put into use. 
Before implementation of this soil absorption system, it is recommended that a percolation test be 
done on the soil at the treatment site to verify that such a system is viable.  

                                                      
25 Converse, James C. "Distribution of Domestic Waste Effluent in Soil Absorption Beds." Transactions of the 

ASAE 17, no. 2 (1974): 300. 
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Figure 7.9. Soil Absorption Bed Plan View. 

Table 7.6. Typical Hydraulic Loading Rates for Treating Domestic Septic Tank Effluent.26 

Soil Texture 
Surface Hydraulic 

Loading Rate [cm/day] 
Gravel, very course sand Not recommended 
Course to medium sand 4.0 
Fine sand, loamy sand 3.2 
Sandy loam, porous loam 2.1 
Loam, silt loam 2.5 
Clay loam 1.0 

 
Each of the soil absorption cells is separated from the rest of the network by a valve system. This 
is to allow one cell to be operated at a time while the others are rested. In order for a soil 
absorption system to operate at greatest efficiency it is recommended to rest cells either annually 
or semi-annually. This setup also allows any given cell to be taken out of service should 
maintenance be required. It is recommended that one cell be operated at a time while the other 
two are rested, and that the cell in operation be switched annually. 

8. Phase V Recommendations 

8.1. Well Construction 
 
Wells are recommended as the final change to the drinking water management system for 
Cajabamba. Well water is safe, reliable and easy to maintain. In using well water, there is less to 
consider in terms of treatment needs as and maintenance costs. Wells are a source of ground 

                                                      
26 Wastewater Treatment/Disposal for Small Communities: 78. 
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water which is naturally cleaner and in better condition for drinking than surface water. As a 
result, well water does not need to go through pre-treatment and filtration as the river water does, 
subsequently reducing treatment costs for drinking water. The well water provides a consistent 
flow that is more reliable than the current flows from the river and spring sources. The existing 
well report notes that the artesian flow of the well continued uninterrupted during the well tests, 
which indicated that the freatic water surface was barely affected. By drilling two new wells, 
there will be enough water from this source to eliminate the need of water from river and spring 
sources. This will reduce the water supply to a single source which will make the drinking water 
management system much simpler and more dependable.  

 
The two new wells will be identical to the existing well, and together will simply provide three 
times the amount of flow one well can produce. The layout of these wells can be seen in Figure 
8.1. The following well design is based on the design report from the existing well. Figure 2.9 
shows basic construction dimensions of both proposed wells. The wells will be 8 inches in 
diameter and have a depth of 105 meters. The well casing will be a schedule 40 – 8” steel pipe. 
The annular space around the well casing will be grouted with clay to a depth of approximately 
20 m. The well screen will be put at several depth locations as shown in the diagram. The screens 
shall be SS Johnson with a continuous wire wrap using 30/40 wedge shaped slots.  

 

 
Figure 8.1. Proposed Well Layout. 

 The proposed well location is in the same meadow as the existing well, so it will also be artesian. 
The new wells shall be connected to the current line running from the pump house to the 
treatment plant. To deliver this much flow, the existing pump house may need to be expanded and 
two new pumps added in series. These pumps should be the GEOFLO SP 17-10 model. The 
pump-head and efficiency curves for this pump are shown in Figure 8.2. The information in this 
figure was provided by HCJB since they helped to build the existing well and determine the 
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necessary pump. As the figure shows, the GEOFLO SP 17-10 can provide more than enough flow 
to deliver water from the artesian wells and has a decent efficiency of roughly 60%.  

 

 
Figure 8.2. System and Pump Curves. 

9. Phase Construction Costs 
 

The total estimated construction costs for each phase are shown in Table 9.1, with itemized 
construction costs are shown in Appendix H.  
 

Table 9.1. Estimated Phase Construction Costs. 

Phase Total Phase Construction Cost 
I $0.00 
II $14,832.50 
III $96,006.62 
IV $323,157.47 
V $90,866.67 
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The proposed timeline for phase implementation over the next 20 years is discussed in the Design 
Summary in above. Based on this timeline the estimated phase construction costs incorporating 
time-value of money are shown in Table 9.2.  

 
Table 9.2. Estimated Phase Construction Costs with 4% Inflation. 

Phase Prop. Starting Year Total Phase Construction Cost 

I 0 $0.00 
II 1 $16,042.83 
III 4 $112,314.17 
IV 10 $478,352.00 
V 18 $184,079.19 

 
 

Phase I has no associated construction costs, and therefore, has minimal financial barriers to 
implementation. Phase II incorporates some water treatment plant improvements and distribution 
system metering installation allowing for the charge per cubic meter for water usage. Charging 
per cubic meter will provide the financial backing to implement the remaining phases. Phase III 
involves more expensive water treatment plant improvements, and also a combined sewer 
collection system extension. Phase IV involves the construction of a complete waste management 
and treatment system for Cajabamba. Phase V begins at the tail-end of the design life of the water 
treatment plant and implements wells as the sole water source for Cajabamba. A proposed 
operating budget for the 20 year design life is shown in Appendix I. 
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Appendix A. EPANET Output for Drinking Water Distri bution System. 
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Appendix B. River Capture Structure Bar Rack Design Calculations. 

 
 

 
 
 

 
 
 
 
 

 
 
 

 
 
 
 
 

 
 

 
 

 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
   

River Intake Bar Rack Design  

Design Criteria 

Maximum water flow rate:  

Flow channel width:  

Flow depth:  

Slope of bar rack:  

Bar spacing:  

Bar thickness:  

Calculated Values  

Channel velocity:   

Between bar velocity:   

Head loss:   

Qa 12
L

s
:=

W 71cm:=

D 96cm:=

1

1

Bs 7mm:=

Bt 10mm:=

Va

Qa

W D×
:= Va 0.018

m

s
=

Vb

Va W× D×

Bs

Bs Bt+

�
�
�

�
�
�

W× D×

:= Vb 0.043
m

s
=

hL

Vb
2

Va
2

-

2g

1

0.7
×:= hL 0.111mm=
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Appendix C. Flow Technology Flow Meter Cut-Sheet. 
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Appendix D. Fabric Filtration and Screening Box Design Calculations. 

 
  Concrete box specifications  

The wall dimensions shall mimic the existing concrete walls in place for the 
roughing and slow sand filters. These walls are 5 inches thick. The box is sized as 
large as possible while keeping the fabric/screen frames easy to manage.   

Box depth, h:  

Box width, w:  

Overflow weir specifications and flow check  

Length of weir opening, L:  

Head available for wier, H:  

Maximum flow rate, Qoweir:  

 

Maximum flow from river is 12 L/s. The weir is oversized since river flow during a 
storm is not easily predictable. 

Outflow weir specifications and flow check  

Length of weir opening, L:  

Head available for wier, H:  

Maximum flow rate, Qoweir:  

 

h 1.2m:=

w 1.2m:=

Loweir 0.4m:=

Howeir 0.1m:=

Qoweir 3.33
ft

3

s

Loweir

ft
0.2

Howeir

ft
-

�
�
�

�
�
�

×
Howeir

ft

�
�
�

�
�
�

1.5

×:=

Qoweir 22.092
L

s
=

Lweir 0.4m:=

Hweir 0.2m:=

Qweir 3.33
ft

3

s

Lweir

ft
0.2

Hweir

ft
-

�
�
�

�
�
�

×
Hweir

ft

�
�
�

�
�
�

1.5

×:=

Qweir 59.197
L

s
=
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  Pressure on geotextile fabric during overflow condi tion  

Maximum head difference across fabric:  

Pressure on fabric:  

 

Construction material requirements  

Concrete for box: 

 

 

Piping requirements for inflow pipe and overflow pipe 

 

hL Hweir Howeir-:=

Ffabric 9810
N

m
3

hL×:=

Ffabric 981
N

m
2

=

Vconcrete 1.2m 0.13× m 1.2× m( ) 5× 0.63m 0.13× m 1.3× m( ) 3×+:=

Vconcrete 1.255m
3

=

Lpipe 5m:=
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Appendix E. Chlorination Dosing System Design Calculations. 

 
Chlorine Dosing System Hydraulic Calculations 
 

  

Diameters Lengths  Elevations  Pressures  

   
 

   

 
   

    

 

Hydraulic Resistance Heads Friction Factor 

  
  

 
 

 
 

 

 

Solving for Head at Central Node 

 

 

 

  

D1 50mm×:= L1 1.605m:= zA 1.38m:=
pA 0

N

m
2

×:=

D2 50mm×:= L2 .37m:= zB 1.67m:=

pB 0
N

m
2

×:=
D3 50mm×:= L3 1.605m:= zC 1.98m:=

D4 100mm×:= L4 4.7m:= zD 1.03m×:= pC 0
N

m
2

×:=

zE 0m:=

f .010:= l 9810
N

m
3

×:=
k1

8 f× L1×

p
2
g D1

5
×

:= HA

pA

l

�
�
�

�
�
�

zA+:=

HB

pB

l

�
�
�

�
�
�

zB+:=
k2

8 f× L2×

p
2
g D2

5
×

:=

HC

pC

l

�
�
�

�
�
�

zC+:=
k3

8 f× L3×

p
2
g D3

5
×

:=

HE zE:=

k4

8 f× L4×

p
2
g D4

5
×

:=

HD .72m:=

Given

HA HD-

k1

HB HD-

k2
+

HC HD-

k3
+

HD HE-

k4

HD Find HD( ):= HD 1.001m=
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Chlorine Dosing System Dosage Calculations 
 

 
  

Solving for flow rates in each pipe  

    

 

    

 

  

 

 

 

  

  

Range of Acceptable Chlorine Dosage  

  

  

  

  

Design Parameters 

  

Q1 .00212
L

s
:= Q2 .00212

L

s
:= Q3 .00212

L

s
:= Q4 .00636

L

s
:=

Given

Q1

HA HD-

k1
Q2

HB HD-

k2
Q3

HC HD-

k3
Q4

HD HE-

k4

Q4 Q1 Q2+ Q3+

Q4

Q1

Q2

Q3

HD

�
�
�
�
�
�
�

�
�
�
�
�
�
�

Find Q4 Q1, Q2, Q3, HD,( ):= Q1 9.445
L

s
=

Q2 26.14
L

s
=

Q3 15.184
L

s
=

Q4 50.769
L

s
=

SupplyFlowmax 22
L

s
:= Dosagehigh 2

mg

L
:=

SupplyFlowavg 16
L

s
:= Dosagelow 1

mg

L
:=

Dosage1 SupplyFlowmaxDosagehigh×:= Dosage1 44
mg

s
=

Dosage2 SupplyFlowavg Dosagehigh×:= Dosage2 32
mg

s
=

Dosage3 SupplyFlowmaxDosagelow×:= Dosage3 22
mg

s
=

Dosage4 SupplyFlowavg Dosagelow×:= Dosage4 16
mg

s
=

Dosagedesign Dosage2:= Dosagedesign 32
mg

s
=
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Chlorine Contact Tank Time Calculations  
 

 
 
 
 

 
 

 

 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

  

  

 

  

 
(existing contact tank) 

 
(existing contact tank) 

 (assumed from typical practice)  

 (given by existing flows) 

 
 

 
 

 
 

Flowdesign 550
L

day
:=

Volumetank 550L:=

Concentrationdesign

Dosagedesign

Flowdesign
:= Concentrationdesign 5.027 10

3
´

mg

L
=

Cl2Amountdesign ConcentrationdesignVolumetank×:= Cl2Amountdesign 2.76 kg=

ChlorineRatio
74.44

70.9
:=

NaOClAmountdesign Cl2AmountdesignChlorineRatio×:= NaOClAmountdesign 2.9 kg=

Diametertank 5.38m:=

Heighttank 1.83m:=

Dosagechlorine 2.10
mg

L
×:=

Flownormal 22
L

s
��
�

��
�

×:=

Volumetank p
Diametertank

2
Heighttank×

4
×:=

Volumetank 41.601m
3

=

Timecontact

Volumetank

Flownormal
:=

Timecontact 31.516min=

Timecontact2

CTfreechlorine

Dosagechlorine
:=

Timecontact2 38.238min=
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EPANET modeling of chlorine dosing system 
 

 
 
 
 
 
  

0.05

0.35 0.64 1.98

0.00

All units in meters of pressure
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Appendix F. Septic Tank Design Calculations 

Residential Septic Tank Sizing 
 

 
 
 

 

 
 

 
 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 Water Demand:  

Wastewater Flow as a  
percentage of Water demand:  

Wastewater Flow:   

Amount of people per  
residential connection:  

Amount of connections per  
residential septic tank:  

Wastewater flow per residential  
septic tank per day: 

  

Capacity of residential septic tank:   

First compartment volume:  
 

Second compartment volume:  
 

Recommended Liquid depth:  

Recommended Total depth:  

Depth of scum:   

Area of first compartment:  
 

Area of second compartment:  
 

  
Width of residential septic tank: 

Length of first compartment:   

Length of second compartment:   

capita 1:=
Wdemand 160

L

day capita×
:=

Pdemand .80:=

WWflow PdemandWdemand×:= WWflow 128
L

day
=

Connection 5capita×:=

RSTconnection 6 Connection×:=

RSTflow RSTconnectionWWflow×:= RSTflow 3.84 10
3

´
L

day
=

RSTcapacity 1.5 RSTflow× day×:= RSTcapacity 5.76 10
3

´ L=

Vcompartment1
2

3
��
�

��
�

RSTcapacity×:=
Vcompartment1 3.84m

3
=

Vcompartment2
1

3
��
�

��
�

RSTcapacity×:=
Vcompartment2 1.92m

3
=

Dliquid 1.35m:=

Dtotal 1.7m:=

Dscum

Dliquid

4
:= Dscum 0.338m=

Acompartment1

Vcompartment1

Dtotal
:=

Acompartment1 2.259m
2

=

Acompartment2

Vcompartment2

Dtotal
:=

Acompartment2 1.129m
2

=

WRST

Acompartment1

2.5
:= WRST 0.951m=

Lcompartment1 2.5WRST:= Lcompartment1 2.376m=

Lcompartment2

Acompartment2

WRST
:= Lcompartment2 1.188m=
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Commercial Septic Tank Sizing 

 

 
 

 
 

 

 
 
 

 

 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

Amount of customers per  
commericial connection: 

 
 

Wastewater Flow per  
customer: 

 

Wastewater Flow per  
commercial connection:   

Amount of connections per  
commercial septic tank:  

Wastewater flow per commecial  
septic tank per day: 

  

Capacity of commercial septic tank:   

First compartment volume:  
 

Second compartment volume:  
 

Recommended Liquid depth:  

Recommended Total depth:  

Depth of scum:   

Area of first compartment:  
 

Area of second compartment:  
 

  
Width of commercial septic tank: 

Length of first compartment:   

Length of second compartment:   

capita 1:=
Customer 50capita×:=

WWcapita 34
L

day
:=

WWflow WWcapitaCustomer×:= WWflow 1700
L

day
=

CSTconnection 3:=

CSTflow CSTconnectionWWflow×:= CSTflow 5100
L

day
=

CSTcapacity 1.5 CSTflow× day×:= CSTcapacity 7650L=

Vcompartment1
2

3
��
�

��
�

CSTcapacity×:=
Vcompartment1 5.1m

3
=

Vcompartment2
1

3
��
�

��
�

CSTcapacity×:=
Vcompartment2 2.55m

3
=

Dliquid 1.5m:=

Dtotal 1.9m:=

Dscum

Dliquid

4
:= Dscum 0.375m=

Acompartment1

Vcompartment1

Dtotal
:=

Acompartment1 2.68m
2

=

Acompartment2

Vcompartment2

Dtotal
:=

Acompartment2 1.34m
2

=

WCST

Acompartment1

2.5
:= WCST 1.036m=

Lcompartment1 2.5WCST:= Lcompartment1 2.59m=

Lcompartment2

Acompartment2

WCST
:= Lcompartment2 1.295m=
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Appendix G. Septage Handling Calculations. 

Septage Handling and Land Application Calculations  
 
 

 

 
 

 

 
 

 
 

 
 

 
 
 

 

  

Residential Commercial 

Number of tanks   

Depth of sludge pumped 
Compartment 1   

Compartment 2   

Depth of scum pumped 
Compartment 1   

Compartment 2   

Tank planview area 
  

Compartment 1 

Compartment 2   

Volume of septage pumped per tank 

  

  

Overall   

  

Frequency of pumping,  

Total Volume of Septage for Land Application,    

Annual Application Rate,  
 

Land Required for Land Application,   

Volume of Tank Required for Septage Pumping Truck, 

  

Length of Truck Bed,  

Required Diameter of Tank,  
 

Required Length of Tank,   

Nres 130:= Ncom 20:=

Dres.1 .8m .3m-:= Dcom.1 .9m .3m-:=

Dres.2 .5 Dres.1×:= Dcom.2 .5 Dcom.1×:=

S1 .15m:= S1 0.15m=

S2 .1m:= S2 0.1 m=

Ares.1 2.4m
2

:= Acom.1 2.7m
2

:=

Ares.2 1.2m
2

:= Acom.2 1.35m
2

:=

Vres Dres.1 S1+( ) Ares.1× Dres.2 S2+( ) Ares.2×+:= Vcom Dcom.1 S1+( ) Acom.1× Dcom.2 S2+( ) Acom.2×+:=

Vres 1.98 10
3

´ L= Vcom 2.565 10
3

´ L=

Vres.T Vres Nres×:= Vcom.T Vcom Ncom×:=

Vres.T 2.574 10
5

´ L= Vcom.T 5.13 10
4

´ L=

Pf 1yr
1-

:=

VT Vres.T Vcom.T+( ) Pf×:= VT 3.087 10
5

´
L

yr
=

AAR 11500
gal

acre yr×
:=

AAR 10.757
L

m
2

yr×

=

Aland

VT

AAR
:= Aland 2.87hectare=

Vtank ceil max
Vres

m
3

Vcom

m
3

,
��
��

��
��

��
��

��
��

m
3

×:= Vtank 3 10
3

´ L=

Lbed 76in:=

Dtank Ceil
Vtank

Lbed p× m
2

×

�
�
�
�

�
�
�
�

.5

.05,

�
�
�
	



�
�
�

2× m:=
Dtank 1.5 m=

Ltank

Vtank

p
Dtank

2

�
�
�

�
�
�

2

×

:= Ltank 1.698m=
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Appendix H. Combined Sewage Flow Regulating Structure Design Calculations. 

 
Distribution Header Pipe Sizing     

Manning's n 0.013      
       

Diameter 
[cm] 

Slope 
Flow 
[L/s] 

Flow 
[m3/day]    

30 0.025 152.6 18673 
   

       
       

Outlet to Distribution Header Pipe - Orifice    
Diameter 

[cm] 
Head 
[cm] 

Flow 
[L/s]     

30 60 150.4 
    

       
       

Weir Sizing       

Outfall to: Head 
[cm] 

Length 
[m] 

Flow 
[L/s]    

Course Screens 25 0.33 75.9 
   

Overflow 10 2.75 160.0 
   

Absorption bed 20 0.5 82.3    
       
       

Channel Sizing       

Location 
Flow 
[L/s] 

Hyd. 
Radius 

[m] 

Channel 
Depth 

[m] 

Channel 
Width 

[m] 

Bed 
Slope 

Velocity 
[m/s] 

Course Screens 75.9 0.11 0.2 0.5 0.0018 0.759 

       
       

Soil Absorption Bed Capacity     
Distribution Area 
[m2] 

140 
     

Desired Loading 
Rate [cm/day] 

1.0      

Distribution Area 
Capacity [m3/day] 

14,000 
     

Distribution Area 
Capacity [L/s] 

162.0 
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Appendix I. Detailed Phase Construction Costs. 

 

Material Costs 
  

Material Cost Unit Comments Source 
General labor $15.00 per person per day   HCJB 

Pipe installation $10.00 per m 
Including labor, 
excavation, etc.   

Excavation $3.55 per m3   HCJB 

Electricity $0.12 per kWh   
Cajabamba 
officials 

Concrete $86.66 per m3   HCJB 

Rebar $1.25 per kg   HCJB 
General steel $2.00 per kg     

Sand filter media $54.10 per m3   HCJB 

Roughing filter media $50.00 per m3     

Manhole $400.00 per manhole 
Including labor, 
excavation, cover, 
etc. 

Est. based on 
City of 
Wyoming's 
costs 

110 mm perforated PVC $297.92 per 100 m   HCJB 
110 mm PVC $28.00 per 6 m   HCJB 
160 mm PVC $53.27 per 6 m   HCJB 
200 mm PVC $84.34 per 6 m   HCJB 
250 mm PVC $100.89 per 6 m   HCJB 
300 mm PVC $152.99 per 6 m   HCJB 
400 mm PVC $257.60 per 6 m   HCJB 

 
 

Phase Construction Costs 
  

Phase I 
  Amount Unit Cost Comments 
      Unit Subtotal   

      
Phase I Cost Total is  $0.00 
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Phase II 

  Amount Unit Cost Comments 
      Unit Subtotal   
Distribution System Meter Installation           

Meters 216   $50  $10,800  

Assuming 
25% of the 
ex. meters 
need to be 
replaced 

Installation labor 24 
person-
days $15  $360    

            
Reservoir Outflow Meter Installation           

Meter 1   $500.00 $500.00   

Installation labor 2 person-
days 

$15.00 $30.00   

            
River intake bar screen           

Bar screen 1   $100.00 $100.00   
Bar screen rake 1   $20.00 $20.00   

Installation labor 2 
person-
days 

$30.00 $60.00   

            
Springs           

Cleaning/sealing labor 28 
person-
days 

$15.00 $420.00   

            
Roughing filters           

Media 38.25 m3 $50.00 $1,912.50   

Media replacement labor 28 
person-
days $15.00 $420.00   

            
Slow sand filters           

Leak repair labor 14 
person-
days 

$15.00 $210.00   

      
Phase II Cost Total is  $14,832.50 
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Phase III 
  Amount Unit Cost Comments 
      Unit Subtotal   
Distribution System Leak Fixing           

PVC pipe 50 m $4.67 $233.33   

Pipe installation labor 50 m $10.00 $500.00 
Including 
excavation 

            
River water source protection           

Vegetation labor 28 person-
days 

$15.00 $420.00   

            
Fabric filtration           

Geotextile fabric 2 m2 $25.00 $50.00   

Concrete 1.3 m3 $86.66 $112.66   

Excavation 4 m3 $3.55 $14.20   

50 mm by 3 mm flat steel 1 kg $2.00 $2.00   
Machine screws 32   $1.00 $32.00   

110 mm PVC pipe 5 m $4.67 $23.33   
Misc. PVC pieces     $25.00 $25.00   

Installation labor 14 
person-
days 

$15.00 $210.00   

            
Chlorine Dosing System           

5#8���9
:�6���(2 � 4�   $1.50 $9.00   
6����
�9���;��
	��<�	���(2 � � �   $3.74 $3.74   
6����
���
�����;���(2�=��2 � � �   $4.63 $4.63   

%#����6�� � (# � m $4.67 $93.33   
��#����6�� � (# � m $4.67 $93.33   

6�����>7��#�/�������$� � � �   $12.10 $48.40   
6�������	��; � ) �   $2.30 $18.40   

%%#�1�	���� " �   $138.00 $414.00   

Installation labor 14 
person-
days $15.00 $210.00   

            
Combined Sewer System Extension           

300 mm PVC pipe 2,306 m $25.50 $58,799.16   
200 mm PVC pipe 143 m $14.06 $2,010.10   

Pipe installation labor 2,449 m $10.00 $24,490.00 
Including 
excavation 

Manholes 21   $400.00 $8,400.00   
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Phase III Cost Total is  $96,063.29 
   

      
Phase IV 

  Amount Unit Cost Comments 
      Unit Subtotal   
Septic Tanks (200)           

Concrete 1,000 m3 $86.66 $86,660.00   

Excavation 2,000 m3 $3.55 $7,100.00   

Manhole 200   $400.00 $80,000.00   

110 mm PVC pipe 12,000 m $4.67 $56,000.00 

Assuming 
10 m pipe 
per 
connection 
and 6 
connections 
per tank 

Installation labor 5,600 
person-
days $15.00 $84,000.00   

            
Combined Sewer Centralized 
Treatment 

          

110 mm perforated PVC pipe 290 m $2.98 $863.97   
300 mm 35 m $25.50 $892.44   

Concrete 41 m3 $86.66 $3,553.06   

Excavation 560 m3 $3.55 $1,988.00   

Bar rack 2   $100.00 $200.00   
Aluminum grate 2   $200.00 $400.00   
3,000 liter tank 1   $500.00 $500.00   
Septage pump 1   $1,000.00 $1,000.00   

      
Phase IV Cost Total is  $323,157.47 
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Phase V 

  Amount Unit Cost Comments 
      Unit Subtotal   
Well           

Pump 1   $2,700.00 $2,700.00   
Pump installation     $2,000.00 $2,000.00   

Pipe & valves to well head     $2,500.00 $2,500.00   
Pump control/protection panel 1   $1,700.00 $1,700.00   

Electrical connection & transformer 1   $6,300.00 $6,300.00   
Pump house and landscaping     $8,000.00 $8,000.00   

Well drilling w/ casing and screen 105 m $600.00 $63,000.00   
110 mm PVC pipe (line to WTP) 1000 m $4.67 $4,666.67   

      
Phase V Cost Total is  $90,866.67 

   
 
 
 
 
 

Phase Construction Costs Incorporating Time-Value of Money 
          

  Inflation Rate 0.04 
  

          
Phase Proposed Starting Year Total Phase Construction Cost 

I 0 $0.00 
II 1 $15,425.80 
III 4 $112,314.17 
IV 10 $478,352.00 
V 18 $184,079.19 
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Appendix J. Proposed Operating Budget. 

 
Estimated average water usage over the 20 year design life: 160 L/capita/day 
 
The revenue numbers are based off of a $0.12/m3 charge in the first year, a yearly increase based on 4% 
inflation, and a $0.05 increase at the beginning of year 2 and year 10. Operating cost is based on a 
$30,000 budget for the first year, and a 4% increase every year to account for inflation. 
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