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Executive Summary

The goal of this project is to work with the logaipulation of Cajabamba, Ecuadorrenovate
and improve the existindrinking water treatment plant ardistribution system as well
provide awastewater management solution. The 1 of roughly 5,000 people is locatedthe
Andes Mountain®f central Ecuadcand is divided in two by the Pakmerican Highway A site
overview is shown ifrigurel.

Clcalpa Rlver

Treotment Plont

Figure 1. Project Site

Team Equatic Ecuador is partnering with two orgatnans on this project: HCJB, a missi-
minded Christian radio stationith a focus on healthcare in Ecuador, andMiighigan chapter ¢
the American Water Works Association (AWW, which is committed to increased a
sustainal# access to safe drinking water in Ecuador thrdugtraising and sharing of techni
expertise.The principal contact for this project is Bruce Reck, the engineer in charof
HCJB's water projects in Ecuad
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Recommendations are presented in a phase-oriemntediuse in order to allow changes to build
successively while generating income for futurengfes. In general, the recommendations also
become more complex and more expensive as the phaegress. 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 treatméaritp
Simple modifications to water treatment plant, matg of
the distribution system.
I Additio_ns to the \water treatment plant, river waseurce

protection, combined sewer extensions

[\ Septic tanks, combined sewage treatment
V Well implementation

Phase | involves purely operational changes foividdal drinking water treatment plant
processes aimed at improving the quality of watdivdred to the town without incurring any
additional costs. Phase Il continues with simpledifiwations to more of the drinking water
treatment facilities. This should allow for mordigént operations while also making it possible
for later changes to be implemented. Some of thkaages require small-scale construction, but
will allow the city to generate a larger base ineobecause they will be making drinking water
more reliable and readily accessible. In orderuangfy leaks and charge on a volumetric basis,
metering of the distribution system is also projlosethis phase.

The recommendations in Phase lll are larger scadgegs, including the construction and
implementation of new drinking water treatment lities as well improving protection of the
existing drinking sources. This phase also incluatigitions to the combined sewer system.

With modifications to the treatment plant complabel the combined sewer system extended, the
focus in Phase IV shifts to treatment of the comadirsewage. Due to several factors, the
recommended solution is a hybrid system combiningsite treatment via septic tanks with
centralized soil absorption beds to further tréat combined sewage. Wastewater in Ecuador is
not generally treated, but Team Equatic Ecuadds fbat this is an important step in developing
regions to encourage adequate hygiene.

Finally, the team proposes that Cajabamba moveelts s the exclusive drinking water source
in Phase V. For any developing and expanding @ireanecessary to have a consistent source of
relatively clean water. Wells provide just this &yminating turbidity issues with rivers and low
flow rates with springs. By adding two new wellsdashutting down current water sources
Cajabamba will secure for itself a water flow ratel8 L/s that only requires chlorination before
distribution.

These phases are designed to provide for a drinkatgr treatment plant life of 20 years, after
which the wells will be in operation, and shouldneen so for 30 to 50 years. Once Cajabamba
relies only on wells, just the chlorination processl storage reservoir will be necessary at the
treatment facility. By providing facility designkdt will be implemented over a period of time,
this plan aims at securing basic water and saoitatecessities for the town of Cajabamba for
multiple generations to come. The construction es$imates for each phase are shown in Table
2.
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Table 2. Construction Cost Estimates

Phase Prop. Starting Year Total Phase Constructio@ost
I 0 $0.00
Il 1 $16,042.83
1l 4 $112,314.17
[\ 10 $478,352.00
V 18 $184,079.19
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1.1

1.2.

1.3.

Introduction
The Team

Team Equatic Ecuador is comprised of four sertiodents at Calvin College, each of whom is
earning a Bachelor of Science in Engineering degrige a Civil/Environmental concentration.
The team believes that one must continually marthgeresources and gifts that God has
provided, which includes being stewards of the mmrent as well as using one’s talents
appropriately. Individually, the team members anterested in development work and applying
their engineering skills where they are neededs ©currently manifested in a potable water and
sanitation management project for the town of Cajata, Ecuador.

The Project

Team Equatic Ecuador is working in conjunction witby Cristo Jesus Bendice (HCJB) and the
Michigan section of the American Water Works Asation (AWWA) to provide safe and
reliable drinking water and wastewater systems tf@ towns of Cajabamba and Cicalpa,
Ecuador. The Michigan AWWA chapter is committedrtoreased and sustainable access to safe
drinking water in Ecuador through fundraising améring technical expertise, and HCJB is a
missions-minded Christian radio station based inafor that also focuses on healthcare. Since
Cajabamba is indicated on most maps, and Cicalpatjghe town of Cajabamba will be used to
refer to the project site for the remainder of tigigort.

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

When working on any project in a developing areasitimportant to design systems and
operations that are consistent with the cultunetiich they will be implemented. Throughout this
project the team has placed an emphasis on culip@opriateness, transparency, and justice.
These themes have been integrated into all aspktiie project by ensuring that designs are not
driven by the team’s desires, but rather by whaalézanba wants and needs. Also, the team has
ensured that designs are easy to understand, easgintain, and are reliable. Team Equatic
Ecuador believes all people should have accessligble and potable water as well as basic
sanitation systems, but these designs need to peernmanted by working with the current
infrastructure, not against it.

Project Background

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



discharge raw sewage directly into the Cicalpa Ri$gecifics about water quality and quan
are discussed in Sectiorafdd Sectior3.

Clcalpa Blver

Woter \

Treotment Plont
Figure 1.1. Site Overview.

2. Existing Facilities
2.1. Existing Water Source Facilities

Cajabamba currently uses three sources for themkidg water: the Cicalpa River, seve
springs, and a pumped weThe flow rates coming into the system from eacthege sources a

shown in Table 2.1.

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




2.1.1.

During the site visit in January water quality aisals were performed on all three drinking water
sources with two water quality testing kits: the €A Surface Waters kit and the HACH
Hardness and Iron kit. The HACH Surface Waters diiowed for nitrate, orthophosphate,
ammonia nitrogen, and free and total chlorine testse performed. Hardness and iron tests were
performed with the HACH Hardness and Iron kit. Tehéssts were able to investigate several
aspects of the water quality and allowed for arra@Vanalysis of the current water quality of the
sources. In addition to the HACH testing kits, ttetal coliform tests were used to analyze the
bacterial state of the water. The first was a gangaddle test, and the second was an Easygel
total coliform test. With each of these tests tlaewn sources were investigated daily to develop a
complete data set. The results from the water yuafialyses are shown for the river, springs,
and well in Sections 2.1.1, 2.1.2, and 2.1.3, rethpady.

Existing River Capture Structure

The Cicalpa River flows south to north and prosiee— 12 L/s to Cajabamba’s water treatment
plant. It is captured 7 km upstream of the town anters the treatment plant at the roughing
filters.

The capture structure at the river consists @rgd diagonal wall that cuts across the river. The
wall has a 1 m by 0.5 m metal grate at the rivel && an inlet for water. The flow into this grate
is directed by a dividing wall that splits the niyand a large sluice gate that controls the flow
rate. After passing through the initial metal grtite water passes over two silt walls and enters
the intake reservoir by passing over a weir andifig through a horizontally mounted coarse
filter fabric. The opening of the intake pipe is#bed at the bottom of the intake chamber. During
a site visit in January, 2008 the water elevatibava the intake pipe was 96 cm. A plan view
drawing of the intake structure is shown in FigRre and a profile schematic is shown in Figure
2.2. Photographs from the site visit are showniguife 2.3, Figure 2.4, Figure 2.5, and Figure
2.6.

\\\
"\\
“
\\\
.
\‘\
OVERFLOW .
PIPE
DISCHARGE SLUICE GATE
TORIVER FLOW CONTROL — ~
STRUCTURE | _ ~.
\ T s
VL T .
o T .
EARTHEN - ~_
OVERFLOW — m--\_\
STRUCTURE | F . VR
OVERFLOW 1 —~— —7_,_?@!4/

GATE

i ~RIVER WATER INTAKE

I ————SMALL GRATE
L ﬂ'
———siLTwalls ‘l

ADJUSTAELE WEIR

INTAKE PIPE
TO WTP

E
COARSE FILTER FABRIC

IRRIGATION
CHANNEL INTAKE

Figure 2.1. River Capture Structure Plan View.



DRAWING NOT TO SCALE

EARTHEN
OVERFLOW i
STRUCTURE
CONCRETE COVER L
COARSE FILTER FABRIC j,—‘,,@
] s E 57
i h\‘ = e
Ne 11 .
INTAKE PIPE TO WTP —\ g b RIVER FLOW
/ i 1|
/ SILT WALLS
OVERFLOW PIPE ADJUSTABLE WEIR RIVER WATER
INTAKE GRATE
Figure 2.2. River Capture Structure Profile View.

= gL

e A
igure 2.3. Sit

River water intake
grate (at river hottom)

ko B4

Earthen owverflow
structure




Sluice gate flow control structure

River water intake grate
(at the river bottom)

River water intake grate
(at the river bottom)

F|ure 2.5 Srte Photograph Downstream of Rlver Capture Structure



SEnl . ~ Cverflow pipe |
Coarse filter fabric R [

Figure 2.6. Site Photograph River Intake Chamber to WTP.

Water Quality

The river water quality was evaluated with a broadge of tests as describedSection 2.1.
Most river watertests were performed on the filtered river watespnt at the drinking wat
treatment plant, however; the untreated river watehe river capture point was testec total
coliform. The results from the water quality ana&yare shown irTable 22 below. From the
investigation, it was understood that the riverexditas bacteripresent when untreati One day
of testing indicated the presence of coliform ie fhtered river water which demonstrates |
the filtration mechanisms in place work relativelgll but do not guarantee clean waThese
data arébeing used to show at there needs to be some improvements to the irgygimd slow
sand filters to ensure that the filtered river watdl not have any coliform present in the futt
Table 2.2. River Water Quality Tests.

River Water Quality Tests

Untreated
River Filtered River
Date Jan. 23 Jan. 22 Jan. 23 Jar. 24
Paddle
Testers| <10¢/100 mL | Inconclusivg Inconclusive ndonclusiv:
Total
. (per 100mL)
Coliform
Easy GEL 34/mL 0/mL 2/mL 0/mL
Temperature - 12°C - -
pH - 8.1 8.4 -
Phosphate| 0.1 mg/L 0.08 mg/L - -
Nitrate 0 mg/L 0 mg/L - -
Iron - 0 mg/L - -
CaCoO3 - 324.9 mg/L - -
Ammonia - **0.23 mg/L - -

**error is 16% since test intended for sea w



2.1.2. Existing Spring Capture Structures

The spring reservoir shown Figure 1.1is the collection point of 15 different spring caygs,
some of which are several kilometers away. Durlng gite visit, te team was able to look
every capture box to gain a better understandingeospring water quality. All capture boxes
comprised of a concrete enclosure around the egpsgeng, and have a locked metal lid
shown in Figure 2.7Several capture boxes had accumulated small ashoficlebris, and othe
had vegetatiogrowing insid.. To ensure debris was not getting into the pipeytcey water from
the spring to the water treatment facility, the city hasided to use small filters that can be
below or around any piping structure. This filteishown irFigure 2.8.

Spring capture

structure

Secured capture
structure lid

Figure 2.8. Site Photograph - Spring Debris Filter.



Water Quality

A water quality analysis was done on the sprindectibn as it came into the drinking water
treatment plant, as described in Section 2.1. €halts from the tests performed are shown below
in Table 2.3The tests showed that the overall quality of théngpwater was acceptable. There
were no bacteria found in any of the samples te§thd CaC@ test showed an unusually high

hardness in the spring water. The data from thests 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
Paddle
Total Testers
Coliform Easy

Inconclusive | Inconclusive Inconclusive

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 sedera

2.1.3. Existing Well

The third source of drinking water for Cajabambahis drilled well, the location of which is
shown in Figure 1.1. The profile view of this widishown in Figure 2.9. The well diameter is 8
inches and it is 116 meters deep. The well casirey $chedule 40 — 8" steel pipe. Well screen
sections are placed at several elevations baseareas of high flow. The well casing exists
between all screened areas to provide lateral supie well screen is made by SS Johnson and
is comprised of a continuous wire wrap using 3@«#0ge shaped slots.
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Figure 2.9. Existing Well Profile View.

Table 2.4 shows the stratification of a soil bortagen from the site. Andesite refers to the type
of volcanically formed rock in this area of the AAsdMountains. The most productive stratum is
between 75 and 105 meters deep, hence the useeehsdn that area.



Table 2.4. Well Soil Boring Stratification.

Depth [m] Soil Description

o - 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-astmgular 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 voéceock)
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 invesgdaduring the January site visit, as discussed in

Section 2.1. The results from the analyses perfdrare shown below in Table 2.5he tests

showed that the overall quality of the well wateetrmecessary requirements. There were no
bacteria found in any of the samples tested. Thidnleas of the well water was uncommonly
high, which could be a result of it being from agnd source. The data from these tests prove

that the well water is a dependable source.
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2.2.

Table 2.5. Well Water Quality Tests.

Well Water Quality Tests

Date Jan. 22 Jan. 23 Jan. 24
Paddle Inconclusive| Inconclusiveé Inconclusive
Total Testers I
Coliform 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 - -

Existing Drinking Water Treatment Plant Facilities

The existing drinking water treatment plant ishie southwest quadrant of the town, as shown in
Figure 1.1. In order of flow, the components ofstpiant include roughing filters, slow sand
filters, a chlorination area, and the reservoirshswn in Figure 2.10. The unused chlorination
tank was built within the last five years, and thason for not using it is unknown. The roughing
filters, slow sand filters, and chlorination op&at are all discussed in the following section.

UN-USED
CHLORINATION
TANK
VACANT CONCRETE / ,{\ e
BUILDING — — RESERVOIR
’-/ ‘I‘ ‘\/
———

’ L
\ BUILDING
4 \ J
/ . \ ™~ .
. ‘\ \ ~ _ PUMPLINE _ /
/‘ R ~._ 0 FROM WELL
{ /
\\\ //
.
O /.~ SLOW SAND FILTERS

~ " SPRING COLLECTION POINT

[ 4 16
SCALE IN METERS

<

Figure 2.10. Existing Drinking Water Treatment Plart.
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2.2.1.

2.2.2.

Existing Roughing Filters

Currently, the first stage of pretreatment at thiekihg water treatment plant is a set of 5 patalle
horizontal flow roughing filters. Each filter is8Lm deep and is divided into 5 bays; one influent,
one effluent, and three filter bays filled withtéit media, as seen in Figure 2.11. The roughing
filters are 9.5 m long in the direction of flow aBdn wide. The individual bays of the roughing
filters are divided by brick walls with spaces betm the bricks to allow the water to flow
progressively through the filter.

H——287 —H ——303—H H—1.51-H H@H
—H =013
Bay 2
.00
Iﬂm Bay 1 Hndgergn Bay 3 | |Outiet
Inlet 0.41
N H—H 1 !
T ors Ta Dirain -
From River (from each bay) Ta 55F
Capture

Mate: All dimensions in meters

Figure 2.11. Existing Roughing Filter Plan View.

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

Table 2.6. Existing Roughing Filter Media Grain Sies.

Bay Media Diameter [mm]
Minimum | Average| Maximum
1 25 - 101
2 12 25 76
3 6 12 38

Existing Slow Sand Filters

There are three 6.5 m by 10 m slow sand filter beitls a depth of 3.04 m. The two northern
filter beds are in useable condition and the sautbed is out of service due to leaks. The sand
used for the filter beds has a 0.35 mm effectize aind a 2.9 uniformity coefficienDuring the

! Obtained from Michigan AWWA analysis performedanuary 2006
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site visit in January the northern filtration bedsaoperating with a sand depth of 0.95 m and a
supernatant of 1.42 m after running for 7 days.s€segparameters are summarized in Table 2.7
and plan view drawing for the beds is shown in FegR.12. A photograph of the existing slow
sand filter beds is shown Figure 2.13

Table 2.7. Existing Slow Sand Filter Parameters.

Effective Size 0.35 mm
Uniformity Coefficient 2.9
Bed Depth 0.95m
Supernatant Depth| 2.0 m maximun

To Chlorination ‘
6.5m 6.5m 6.5 m

" OVERFLOW WEIRS ™~

10m SAND FILTER BED SAND FILTER BED SAND FILTER BED

INLET WEIRS _
T e
. y

INLET WEIR ~ OVERFLOW

f From Roughing Filters

Figure 2.12. Slow Sand Filter Beds Plan View.
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2.2.3.

Figure 2.13. Site Photograph - Slow Sand Filter Bexd

Operational information was also obtained during $ite visit in January. One filter bed treats
water while the other remains offline for cleaniramd the southern bed is not used due to
leaking. River water flows through a filter bed rto 4 weeks and is then cleaned when the
terminal head loss is reached. The terminal head ls when the supernatant reaches the
overflow weirs. Cleaning is done by removing thstfé4 cm of sand, and it is unknown how long,
if at all, a schmutzdecke is ripened before usifigent for drinking water purposes.

Existing Chlorination Facilities

The existing system for disinfection of treatechlimg water in Cajabamba is not very reliable.
Despite construction of a chlorine contact tankhimitthe last five years, water is being treated
with an undependable dosage system, and the negactdank is left unused.

Presently, the water is drip treated in the chhtion building (shown in Figure 2.10) as it flows
toward the reservoir. Untreated spring water islusdill a 550 liter plastic drum into which 500
grams of NaOCI is added twice a day. This drumhdbrine solution is then dripped into the
mixing basin at a rate of .057 L/s. Figure 2atl Figure 2.15 below show the chlorine dosage
set up. Sometimes NaOCI is added before the drumnigpletely filled with water which leads to
highly concentrated water at the bottom of the damd less concentration at the top once the
drum is full. The chlorine drip method from the mig drum is not currently documented or
regulated. This results in unknown amounts of ¢héoreaching the water at unknown rates.
Since the drip comes in at the mixing basin, whieecsthree water sources combine, there is not a
definite contact time allowed. This means thatréeervoir is being used as a contact tank. The
reservoir is primarily a storage tank and shoultl e used to account for a contact time with
previously fed chlorine. This method is not coreistand falls short of the needs of the system.

14



Figure 2.14. Site Photograph - Existing Chlorine Mxing Drum.

Figure 2.15. Site Photograph - Existing Chlorinatia Mixing Basin.
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2.3.

While chlorination will take place as long as thexevater and NaOCI in the mixing drum, there
is not always an attendant on site to check watel$ and ensure that chlorination will continue.
Left unattended, the drum will empty in 2.68 houBscause the existing disinfection setup is a
drip process, there is not a steady contact timéhtvchlorine to disinfect the water, which leads
to unreliability of drinking water disinfection. glire 2.16 shows the building in which the 550 L
drum is stored and where the chlorine disinfectakes place.

Figure 2.16. Site Photograph - Existing Chlorinatio Building.

Drinking Water Distribution System

The current drinking water distribution system mown in Figure 2.17. In the figure, pipe
diameters (mm) and node elevations (m) are colded@s shown in the key. The piping consists
of mostly PVC, and some asbestos cement pipes.dfapeeters range from 63 mm to 110 mm.
The reservoir is the clear well in which the trelateater is stored before it is drawn into the
system. It is 11.84 m in diameter, has a heigtg.45 m, and a volume of 600°nThe town has
installed water meters on the majority of homeg,tbety are not in use. It is known that there are
several leaks in the system, but it is not posdibleetermine their location or impact on the
network without adequate water metering data. €henthas chosen to use EPANET to develop a
digital model of the distribution system. This wile used to determine how pressures in the
system change throughout the day based on fluntuegiservoir water levels.
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Figure 2.17 EPANET Model of Drinking Water Distribution System.
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Modeling Considerations

Because of limited information about the systene, todel has been simplified from the 863
known connections to 140 nodes that have the laiggsact on the system. Additionally, the
water sources will not be modeled because theyodalinectly impact pressures throughout the
distribution system. Rather, the changing wateeleun the reservoir will have the greatest
influence with regards to pressure.

In order to model pipe friction the Hazen Williafsesmula was employed because it is the most
common equation applied to water flowing in condéissociated with the Hazen Williams
method is a roughness coefficient; this model u&&sfor PVC pipes and 140 for asbestos lined
concrete piping.The team took measurements of the reservoir iatets while in Ecuador, the
results for which are shown in Table 2.8. By chagghe reservoir head levels the team could
effectively model the system pressures at diffetenes of the day. As the table indicates, the
highest head levels occur in the morning. Thisue tb the town closing the reservoir at night.
This allows the reservoir to fill up, but does mve residents access to water throughout the
night. The day these measurements were taken ®ervoer was actually closed in early
afternoon, hence the increase in head level bet@stnPM and 4:00 PM.

Table 2.8. Reservoir Water Levels by Time of Day.

Time of | Water Surface | Head Level
Day Depth [m] [m]
8:00 AM 2.29 3257.94
2:30 PM 4.43 3255.71
4:00 PM 3.97 3256.17

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

Network Analysis

An EPANET analysis of the distribution network sog/n in Figure 2.18. This figure represents
the system’s characteristics at 8:00 AM. Press(mgsand flows (L/s) are shown as ranges by
color. Typically, fully functional distribution netorks are designed for a low pressure during fire
flow of 20 psi, or 14 meters of head. Without fil@v, Cajabamba’s main supply node is running
at a low pressure of 17.75 m. This was an expae®alt since the tank connects directly to only
one node in the system. Based on the measuredvogsbead levels, the highest pressure
experienced by the system is 88 meters of heackdBars the EPANET model, the drinking water
distribution system is breaching tolerable limifspoessure used in common practice. Appendix
A lists all system nodes and pressures associateanaximum and minimum head levels.

2 Mays, Larry W. Water Resources Engineeri?@05 ed. Hoboken, NJ: John Wiley & Sons, Inc £0@20.
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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 sarswer system in place that extends
service to much of the town. Part of the town hakler system that is no longer in use but
remains in place, which makes it difficult to detére the actual arrangement of the current
system. Figure 2.19 presents a general layouteoétisting collection system.

Figure 2.19. Existing Combined Sewer System Layout.

The current combined sewer system services mudbaggbamba, with only a few areas still
without service, as identified in Figure 2.19. Tdhemeas are as follows: the Evangelista and
Miraflores neighborhoods on the southwest edgeowhi west of the drinking water treatment
plant; the far northeastern area of Cajabambatddcap on the hill on the northern side of the
Pan-American Highway; parts of the Santo Cristaghieorhood located to the west across the
Cicalpa River from the rest of the town; and thevngas station being constructed on the

20



southern edge of town. The other concern with S@misto is that the combined sewer system
does not appear to cross the river and connedietadst of the system to be conveyed to the
primary outfall, but rather may have its own outfalthe Cicalpa River, which is identified in
Figure 2.1%bove.

Most of the individual pipes in the system are 80 diameter asbestos concrete, with some 20
cm diameter pipes in the furthest extents of tletesy. The backbone of the system is a shotcrete
conduit, the dimensions of which are shown in Fgr20, which conveys the wastewater to a

site on the northern edge of the town where itisstthrged into the Cicalpa River, as seen in

Figure 2.21.

Figure 2.20. Shotcrete Combined Sewer Conduit CrosSection.

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 currestesy. the Cicalpa River, several protected
springs, and a 105 meter deep well. Flow rates tteese sources are shownTiable 2.1. Water
from the Cicalpa River provides 6 to 12 L/s by giaveed depending on the time of year and
storm events. The springs provide a combined flow b/s of water by gravity. Water from the
well provides 6 L/s by pumping. These combined 8agwovide a total of 18 to 24 L/s into the
system reservoir.

3.2.  Water Demands

There are 863 known water service connections ijab@mba, however, there are many
clandestine connections suspected. The numberavirkiconnections is based on the number of
customers charged for their water service. An eginof 5% clandestine connections is assumed
for modeling purposes. Assuming 5 people per cdiorgcthe population serviced by the water
system is 4,530.

Water use is difficult to quantify since there is way to measure the flow rate out of the
reservoir, which is the single point that the dlisttion system receives water from. However,
based on the input flow rate to the reservoir aditoring of the reservoir level, water demand
was estimated. Levels were measured at differemeéstiof the day while the flow into the
reservoir was known and are shown in Table 3.1viaeldvese 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 1.02m 22 L/s
4:00 PM 1.48 m 22 L/s

Based on these data it is apparent that the wat@add exceeded the 22 L/s that entered the
system over the course of the day. The reservainlis open to the system between 8:00 AM and
5:00 PM every day so that the level can replenigtight, though it is sometimes closed in early
afternoon. This translates into at least 160 L/cayita of water usadeThese parameters are
outlined in Table 3.2elow. This demand is high considering no residémtthe town have
washers for clothes or dishwashers. In additiogjdnjic patterns are very different from those in
developed countries, which attributes to much West®er usage. For these reasons, it is suspected
that there are either many leaks, many clandestinaections, or faucets left on (since the water
is only accessible during the day), or any comimmabf these things. The water demand should
decrease upon completion of all recommendatiorigedtin following sections.

% Obtained from Bruce Rydbeck of HCJB in January®00
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Table 3.2. Current System Loads.

Connections 863 known, 43 estimated clandesting
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 atpdeigign life of 20 years. With a growth rate
of 1.5% the population in 20 years is projected to be ® d€ople. The projected water usage per
person is 160 L/person/day, which is also the cunter usage per capita in Cajabamba. This is
a conservative estimate because the current wsageus inflated due to the conditions described
above. This translates into an average daily deroéi@.7 L/s and a maximum daily demand of
21.4 L/s (twice the average daily demand). Thesarpeters 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 reservotaling since the flow rates that the treatment
processes handle are based on the gravity fed esouftis is because of the existing water

storage tank, which will normalize the demand ecdkin the water treatment systems due to its
large size (600 A).

3.3. Flows and Loads

Since no data is available on the wastewater fiowZajabamba, they will be estimated from the
water demand information. Typically, sanitary fla@nges from 50 to 100% of the water
demand, although it varies greatly from city to Cifor the purposes of this preliminary analysis,
the sanitary sewer flow will be estimated as 80%tlaedf water demand, which equates to
wastewater flows as shown in Table 3.4, below. Waater flow fluctuates during the day as
activity increases and decreases, and a peakihg fzen be calculated in order to determine the
peak hourly flow using Equation 3.1, whd?ds the population, in thousands, aReQ, is the
peak hourly flow over the average hourly flow, akemwn as the peaking factor.

* Obtained from Bruce Rydbeck of HCJB in January®00

® Reynolds, Tom D., and Paul A. Richartit Operations and Processes in Environmental Begiing 2nd ed.
Boston: PWS Publishing Company, 1996: 96.
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Equation 3.1. Sanitary Sewer Flow Peaking Factot.

Table 3.4. Current and Projected Sanitary Sewer Flas.

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.%/s

The flow rates calculated in Table 3.4 are forcsirisanitary flow, but the system in Cajabamba
is a combined system, collecting both sanitary stodnwater flow. Team Equatic Ecuador was
unable to obtain any historical rainfall data fbe tregion or any other way of quantifying the
amount of stormwater that is generated. Due to#tere of the treatment site this became less of
a concern, since space constraints dictated hovi filme any treatment process would be able to
accommodate. This situation is described furth&eation7.

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

Load characteristics for the wastewater in Cajalzawmere also unavailable, so they were
estimated based on conservative numbers for tydmalestic wastewater, as shown in Table 3.5.
The combined sewer flow that eventually reachestrgtment site will be septic tank effluent

combined with stormwater, so the concentrations lvélreduced from those presented in Table

3.5.
Table 3.5. Wastewater Characteristicg.
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 CaCQ) 200
Grease 150

BODs 300

® Reynolds, Tom D., and Paul A. Richartsit Operations and Processes in Environmental Begiing 98.
" Pescod, M. B. "Wastewater characteristics andiefitl quality parameters®AO Corporate Document Repository
http://www.fao.org/docrep/T0551E/t0551e03.htm.
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Design Summary

The recommendations made by Team Equatic Ecuadgorasented in a phase-oriented format,
and are outlined in the table below. The intentdrihis structure is to allow changes to build
successively while generating income for futurengfess. In general, the recommendations also
become more complex and more expensive as thephesgress.

Table. Phase outline

Phase Description

I Operational changes to existing water treatméanitp

Il Simple modifications to water treatment planitering of
the distribution system.
11 Additions to the water treatment plant, riveat®r source
protection, combined sewer extensions
\Y Septic tanks, combined sewage treatment
V Well implementation

Phase | is dedicated to purely operational changedble current systems in Cajabamba. This
phase does not include any construction or reqecir@nges in financing plans that the city
currently utilizes. The goal of this phase is tor@gase the quality of water being delivered and the
efficiency of the existing water treatment faod#ti without additional cost. First of all the well
should be pumped 24 hours a day and the reseivoird not be closed off at night, which will
help stabilize the pressures in the system. Theroticommendations have to do with the
operations of individual treatment processes inglamt. Pressurized flushing of the roughing
filters is recommended to ensure that sediment doesuild up to the point of clogging the
media. Both the roughing filters and the slow sélters should have multiple beds running in
parallel, which will improve their performance feeveral reasons. Additionally, performance of
the slow sand filter beds will be greatly increabgdallowing the schmutzdecke to ripen before
putting the bed into operation.

The recommendations in Phase Il are modificationSajabamba’s water treatment systems that
will allow for more efficient operations while alsoaking it possible for later changes to be
implemented. Some of these changes require sna#-sonstruction, but will allow the city to
generate a larger base income because they withdléng drinking water more reliable and
readily accessible. Included in Phase Il are changdlter media in the roughing filters to allow
for a better effluent quality, changes to the skamd filter, and renovations of the river capture
intake. Each of these aspects will contribute tteaner water supply for the town of Cajabamba.
Additionally, water usage meters should be instlalle the reservoir and at each home to allow
for an analysis of the town’s water usage.

Phase Il calls for the addition of fabric filtrati with geotextile fabric and screening at the
roughing filter intake. This will allow for screerg of small organic matter as well as create a
method to counter turbid flow events which clog tbeghing and slow sand filters. Additionally,

a chlorination dosing system is proposed to progigeore consistent quality of disinfection. The

recently built, but unused chlorination tank wik@ begin to be used in this phase. Piping in the
drinking water distribution system should be fixesileaks are found through the analysis of the
system described in Phase Il. In an effort to comtiprotection of existing water sources, it is
recommended that vegetation be planted on the edpe®untain slopes just upstream of the
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river capture intake. This will prevent unwantedlisgent from entering the drinking water
treatment plant facilities. Finally, to address thddition of new neighborhoods, it is
recommended that combined sewer piping be placacems that do not yet have such facilities.

Phase IV is completely dedicated to the treatmérmbmbined sewage. It is first recommended
that septic tanks be placed near clusters of handscommercial operations. This will allow
pathogens in the sewage to settle and be pumpeat auaiter date for drainage field disposal and
land application. Because the majority of Ecuadmesdnot treat wastewater this is a somewhat
novel approach. However, Team Equatic Ecuador féedd this is an important step in
developing areas to ensure adequate hygiene.

The final proposal in this project comes in Phaseit the addition of two new wells. This will
make wells the exclusive source of drinking water@ajabamba. Once this is in place, the river
and springs can be eliminated as water sourcesvanth of the treatment facility can be shut
down. Well water is the most reliable source ofewads it can be protected the easiest. The
disinfection process will still take place at theatment plant when the three wells are in
operation.

The timeline for implementation of these phasesas extremely strict, but each phase should
begin a specific number of years from the currene dBecause Phase | has no negative financial
repercussions, it should be implemented as soopoasible. This will allow Cajabamba to
generate income sooner and allow them to implent@mise Il faster as well. Phase Il
recommendations should begin one year from noig.ifhportant to begin this phase as soon as
possible in order to use water meters so the tawncharge for water by cubic meter. Phase llI
construction should start four years from now beeaiti includes relatively low cost treatment
facility additions as described in section 9. Al to the combined sewer system can be done
over a longer time period if necessary. Phase Bukhbegin ten years from now. This gives the
town considerable time to generate an income frogwipus phases, but still ensures up-to-date
hygienic practices are implemented in a timely i@shFinally, Phase V should begin eighteen
years in the future because the design life forhhafcthe drinking water systems is 20 years. It
may take up to a few years to finish the wells onoestruction begins, so they should be
operational at the end of the current design life.

Phase | Recommendations

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

Water Sources Operations

Wells

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

Drinking Water Treatment Facility Operations
Roughing Filter
Pressurized Flushing

Without modifying the roughing filters in any wagy greater level of efficiency can be attained by
maintaining a regular cleaning schedule. Manuarnileg of the roughing filters is a very labor-
intensive process that should be avoided if apadisible. A viable alternative that has recently
been implemented is flushing the bays with pregsdrivater to keep the media free of sediment
and eliminate the need to remove the media fonahga

In the flushing process, instead of passing thrainghfilter, river water is diverted into a hose,
which pressurizes the flow. That flow is then applio the top of the filters and flushed through
vertically, dislodging any built up sediments amgrging them out through the open underdrain.

Regular flushing should be able to keep the rougfilters in proper working order, without the
need to remove and manually clean the media. Howdéva regular schedule is not kept, the
filters will clog to the extent that flushing alondll not be able to free the filter of built up
sediment, and manual cleaning will be required.réfoee, it is recommended that a regular
schedule for flushing be maintained, as laid olmve

The current requirements for flushing remain undgjfiad, as it is a relatively new technique for

maintaining the roughing filters. However, duringripds of high turbidity, the filters have been

shown to clog quite quickly. Therefore, it is inity recommended that flushing be done monthly
during periods of high rainfall and bi-monthly cagidrier periods. This initial schedule should
be modified based on the performance of the filksrebserved by the plant attendants.

Parallel Operation

In addition to regular flushing, it is recommendbdt multiple roughing filters be in operation in
parallel at any given time. For peak efficiencye @pplied loading rate/s, should be between
0.5 and 1.5 m/hr. The current cross-sectional aefdhe filters is 9.0 i) and the flow from the
river intake fluctuates between 6 and 12 L/s, ddp®non the time of year. Table 4shows the
resulting loading rates, in m/hr, calculated foemvpossible configuration of roughing filter
operation, from a single filter in use up to allfioperating in parallel, under both high and low
flow conditions.

Table 4.1. Roughing Filter Applied Loading Rate Catulations.

Flow Number of Filters Operating in Parallel
[L/s] 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 roughingerfdtto be operating in parallel. In order to
operate at the desired level, two filters need darboperation at all times. During periods of
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4.2.2.

higher flow, there should be at least one additiditter in operation, for a total of at least 3
operating in parallel. This should also help toueathe frequency of clogging in the filters, as
the sediment load will be more distributed.

Slow Sand Filter

There are two operational recommendations foskbw sand filtration beds in Phase |, which are
running two beds in parallel, and maintaining effex cleaning practices. The two operating
sand filter beds should be run in parallel as oéftepossible for three reasons, the first being tha
slower flow rates through the sand media ensurectfe water filtration. Operating at flow
velocities that are too high can decrease filtratéfectiveness up to 50% for bacteria and
protozoa, and up to 80% for virudesligh flow velocities also clog the filters fastavhich
increases the frequency of which the beds neeé tdaned. The velocity through one filter bed
varies between 0.28 and 0.66 m/hr, which is famftbe ideal 0.08 to 0.24 m/hr rafig€his is a
wide range due to the varying flow rates the fiteeceive from the river water, which are
described in Section 2.1. Operating two sand fitteds in parallel would decrease the velocities
to between 0.14 and 0.33 m/hr, which is much cltsehe acceptable range. The second reason
is that it allows for a mature schmutzdecke to laéntained at all times, which is also imperative
for effective filtration. The schmutzdecke, or ‘tgirlayer”, is a biologically active layer that
forms in the first few centimeters of filter medend does most of the filtering in a slow sand
filter. It takes 1 to 14 days to rip€nand when it is immature the filtration effectiess
decreases dramatically. Water testing of the afflughould be performed to determine the
necessary ripening period for the sand filter béldse beds should be cleaned on an offset
schedule so that one can be cleaned while the bdeemla mature schmutzdecke to treat water.
With this methodology both sand filter beds shdutdable to be run in parallel for the majority
of the time, depending on the time required tomnipeschmutzdecke. The third reason is that
minimizing flow velocities also decreases the freagy at which the sand filter beds must be
cleaned, since the beds clog faster with highew flelocities. This also decreases maintenance
costs since less cleaning is required.

Effective cleaning practices should involve thenimization of downtime and efficient
schmutzdecke maintenance. To minimize downtime c¢leaning methodology should be
optimized. The recommended methodology is shownTable 4.2. Efficient schmutzdecke
maintenance is also accomplished by following #@mmended methodology. Assuming a 4-
week runtime per bed and 3-day schmutzdecke madaréime, following this methodology
would keep two beds running in parallel 81% oftihee.

8 Guidelines for drinking-water qualityrd ed.: World Health Organization, 2006.
° Ten State Standards
10 Letterman, R.D. & Cullen T.R. JSlow Sand Filter Maintenance: Costs and Effects Vdater Quality.

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

Duration Action
Change effluent stream to waste overflow
Start . :
when terminal head loss is reached.
1 hour(estimated) - Drain the filter bed.
Remove the schmutzdecke with shovels (firs
few cm).

—

1 day*
Once sand depth reaches 0.8 m the bed needs
to be resanded.
Allow the schmutzdecke to ripen with 2—4 L/s.
1-14 day¥ Ripening time is estimated to be 7 days.
End

Reinstate effluent flow.

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

Drinking Water Distribution Management

As previously discussed, the reservoir is closedmthe well pump is shut down each day. This
dramatically increases pressures in the distribusigstem by early morning because reservoir
water levels increase overnight. By keeping themasr open at all hours the head levels will
stabilize and become more constant. This shoulddme concurrently with allowing the well
pump to run continually. Currently, the maximumgsare reached in the system is 88 m of head
(125 psi). This pressure occurs each morning whenréservoir is reopened. As discussed in
Section 2.3the maximum pressure in the system should be lini@e53.3 m (90 psi). This will
allow the distribution system to remain within tpeessure limits and ensure consistent head
levels in the reservoir.

Phase Il Recommendations

Phase Il includes recommendations for Cajabambat®msystems that will allow for more
efficient operations and later recommendationsetoriplemented. Some of these changes require
small-scale construction, but will allow the city generate a larger base income because they
will be making drinking water more reliable anddiaaccessible.

Drinking Water Treatment Facility Renovations
Roughing Filter Improvements

Filter Media Replacement

1 From Cajabamba Public Works
2 Collins, M. R., T. T. Eighmy, and James P. Malley"Evaluating Modifications to Slow Sand Filtérémerican

Water Works Association Journal 83, no. 9 (1992)76.
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5.1.3.

Rain events can cause sediments to be flushedthet€icalpa River upstream of the intake,
which leads to highly turbid water being conveyedhe treatment plant. This water is one of the
reasons that the roughing filters clog so oftergabee they are unable to handle the extreme
jump in turbidity. This problem should be addresgétth the fabric filtration unit, which is a part
of Phase Ill. However, another likely reason that toughing filters clog so frequently is that the
media size in the filter beds is too large.

The media size in the roughing filters should rafrgen 20-25 mm in the first bay down to
around 4 mm in the final stage, with the lengthtte bays also decreasing in the direction of
flow. The media currently in the first bay of theughing filters is too large and should be
replaced. The recommended solution is to removegttéreel from the first bay and set it aside for
future use, as discussed further in the recommemdator Phase IV. Once the first bay is empty,
the media currently in the second bay should besteared to the first bay, as it is an appropriate
size for the initial bay of the roughing filter.rlarly, the gravel from the third bay can be used
in the second bay. Finally, a smaller gravel sizeecommended for the third bay of the roughing
filters, with an average media diameter of roughlynm. This arrangement should allow the
roughing filters to operate in a more efficient man

Pressurized Flushing Schedule

The Phase | recommendations include maintainiregalar schedule for pressurized flushing of
the roughing filters. With the media replacemenhptete, the roughing filters should not clog as
easily as in the past, and the flushing schedutaildhbe adjusted accordingly. A gradual
decrease in frequency of flushing is recommended,the performance of the roughing filters
should be monitored to insure that clogging doesaoour unnecessarily during this process.
Under proper operating conditions the roughingffdtshould be capable of remaining in use for
at least several months at a time without cloggiith sediment. The specific site conditions will
play a role in the performance of the filters, whimakes monitoring the bays essential until a
site-specific schedule can be developed and implede

Slow Sand Filter Improvements

There is one recommended improvement for the skamd filters in Phase II, which is repairing
the leaks in the western filter bed. This will alounning three filter beds in parallel, and will
provide more redundancy in the system when a bed ramain offline for an extended period of
time. It is unknown what is leaking in the westéler bed, whether it is the concrete bed itself
or piping connections. Once the bay is repairethduld be used in the regular cleaning rotation
as proposed in Phase | under 4.2.2.

River Capture Pretreatment Improvements

There are three proposed renovations for the dapture structure in Phase Il. These renovations
are a bar rack structure, removal of the smalkmigrate, and removal of the green coarse filter
fabric.

There is no bar screening besides the intake graiteh presents problems with cleaning and is
not as effective as a proper bar rack. The propbsedcreen has 10 mm thick steel rods with 7
mm spacing and shall be mounted at a 45 degree smdhcilitate easy manual raking. The top
of the rack shall be mounted to the existing caecoeoss beam before the intake chamber and
the bottom of the rack shall be mounted to the s@@xisting silt wall. This location of the bar
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rack seals off the intake chamber. The proposeddsirdesign is shown in Figure @mfd 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 soithaill no longer present a cleaning issue due to
its difficult location. Calculations for the progesbar screen are shown in Appendix B.

5.2. Drinking Water Distribution Improvements

5.2.1. Reservoir Metering

In Phase Il, the team also recommends the additicem flow meter on outlet of the drinking
water reservoir storage unit. This will allow thebtic works officials to accurately gauge how
much water the town demands daily. By using this @dong with data provided by individual
home flow meters, as described below, the town léliable to identify the amount of water lost
to leaks, which is the starting point for drinkimgater distribution pipe renovations. The flow
meter for the reservoir shall be an FTI, Flow Tesbgy Model FT-40 (see Appendix C), or
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5.3.1.

equivalent. This size flow meter will be able tdetate all flows experienced by Cajabamba’s
water reservoir.

System Metering

In addition to installing a meter on the reserviilis recommended that the town ensures that
every home connected to the distribution systemahaster meter installed. While some homes
already have a meter, it is unclear whether theyraad regularly. The model that is already
installed on some homes should be used for theinstallations as well. Additionally, these
meters should be read at regular, monthly intervals

Analysis with Metering Data

After installing the above meters, the town shawdtlect and summarize data to allow for a basic
analysis of water usage within the distributiontegs This should begin with monthly readings

of every home’s water meter. Concurrently, themase meter should be checked daily to ensure
it is working properly. Daily readings from the eegoir water meter should then be converted to
monthly usage numbers. Theoretically, the montbbding from the reservoir meter should be
equal to that of the sum of those on individual bBenit will most likely be the case that this is

not true. Therefore, this will allow the town talee an actual volume of water lost due to leaks
throughout the system. With this number in mindmbars from individual home need to be

reanalyzed in an upstream-to-downstream order. Wilisshow where the leaking pipes exist.

Once these pipes are identified, the town canfyeitte situation, as described in Phase Il

Drinking Water Source Protection
Spring Protection

Cleaning and resealing of all the spring captunecsiires is proposed in Phase Il. Currently, the
spring capture structures are cleaned a few timgsaa An example of the organic matter that

collects in the capture structures is shown in FEdu3. If these capture structures are cleaned,
repacked with gravel, and sealed from the outshd® this organic matter should no longer form

inside. Cleaning should be done by removing aiiifavegetation, and other organic matter. The
bottom of the capture structure should then be grhelith gravel. Lastly, the concrete structure

should be checked for leaks, and if any are digealyethey should be sealed. The removable
cover of the capture structure should also be tisgeand replaced if it does not seal properly.
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Figure 5.3. Site Photograph - Vegetation Inside Sprg Capture.

Phase Ill Recommendations
Drinking Water Treatment Facility Renovations
Fabric Filtration and Screening Box

The proposed fabric filtration and screening bog hao treatment purposes for the incoming
river water. The first purpose is to provide fireeening of the incoming flow to stop debris like

leaves, twigs, and small pieces of trash that pbdse bar rack at the river intake structure. The
second purpose is to reduce the frequency of ahggof the roughing and slow sand filters due to
turbid river water events. The filtration box istrinotended as a replacement for the roughing
filters and should allow small sediment loads tigtauThe Cicalpa River becomes turbid when
heavy rains wash sediments into the water from uhgegetated hillslopes due to land

development and agriculture.

The geotextile fabric will protect the downstreanogesses by clogging due to the turbid river
water and diverting the water to an overflow weinis will effectively shut off the river flow to
the treatment plant without any worker interventi@nce the river water clears, flow can be
reinstated by removing the geotextile fabric fraamel washing it with a hose. The ease of this
cleaning process provides an advantage over the laborious cleaning of the roughing or slow
sand filters. Several different types of geotexalleric with varying opening sizes will need to be
tested before an optimal configuration is foundalance will need to be established between the
time that it takes to clog the fabric during normahditions, and the time that it takes to clog
during conditions of excessive turbidity.

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

Figure 6.1. Fabric Filtration and Screening Box Loation.
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Figure 6.2. Fabric Filtration and Screening Box Pla View.
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Figure 6.3. Fabric Filtration and Screening Box Prdile View.

Figure 6.4. Fabric and Screen Mounting Frame Detalil

Once the fabric filtration and screening box iplace the green filter mesh at the river intake
should be removed as it would no longer be necgs8ascreen with a comparable opening size
to the existing green mesh should be put in pladbe 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 chiation process does not provide continuous or
reliable disinfection. Figure 6.5 shows the chleraontact tank that has recently been built, but is
not being used. Until there is a dependable dasystem, the chlorine contact tank will not be in
use, which means the water will not be able to lena@igh contact time with the chlorine dosing
to ensure complete disinfection. A dosing systembideen designed in order to resolve this issue.

Figure 6.5. Site Photograph - Unused Chlorine Conta Tank.

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

The dosing system will be housed in what is culyesin unused building several meters to the
southwest of the existing chlorine contact tanke Tdtation of this building at the treatment plant
can be seen in Figure 2.10. Presently, the buildirggmprised of two small rooms separated by
one wall. A photograph of the building can be sieelRigure 6.6, while Figure 6. andFigure 6.8
show a plan and profile view of the proposed dossygtem, respectively. In order to
accommodate the space needed for the dosing sytenmmecommended that the inner wall be
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removed to make one large room in the building. @bsing system will be placed on the side
nearest the existing chlorine contact tank.

Figure 6.6. Site Photograph - Unused Building at WIP.
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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 tankskimg together to maintain a steady flow rate
and chlorine concentration. Each tank will havepe paking the chlorine solution from that tank
to a central node where the three flows will coreliimto one. The pipe from the central node will
connect into the existing unused pipe between tineet chlorination building and the existing
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chlorine contact tank as shown in Figure 6.7 amliféi 6.8.In order to connect to the existing
line, a 33 cm section will need to be cut and resdbto allow for a new three-way T-section.
From there the combined chlorine solution and adamater will flow into the chlorine contact
tank for the appropriate contact time before begigased into the reservoir for distribution.

Each day one tank will be refilled, which will meaach tank will be filled once every three days.
This will allow for different head levels in eadink on any given day. The different head levels
provide differing flow rates coming out of the tankhe chlorine concentrations leaving from
each tank will be identical. Combining the threffedient flow rates in the central node will result
in a steady flow rate at a constant concentratt@ch day there will be one tank at 1/3 capacity,
one at 2/3 capacity and one at full capacity. Sthese levels will be constant by filling one tank
each day, the flow rate will remain relatively ctamg over each day with only the normal
variation within a day from the overall head lexddcreasing. This system also provides a
constant concentration by mixing the different fioimto one stream. This is necessary to ensure
a reliable disinfection method. Otherwise, the camity could not be sure all the water was
receiving the same level of treatment.

The tanks shall each have a volume of 550 L aneédgions as shown in Table 6.1 below. Each
tank is made of plastic, in a conical shape. Timkgashould be purchased from a local dealer.
The pipes will connect into the tank through a hokde in the side of the tank. On each side of
the hole a flange will be bolted to the tank. Tlgepgoing to the central node will connect into
the flange on the outside of the tank. The assettiabsts 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 vatveontrol the flow rate coming from that tank

and to ensure as a precaution that water fromeh&ra node does not back up into that pipe. An
EPANET study was done to show that the water Wolvfin the direction proposed due to the

lower pressures at the central node and chlorimtaco tank. This can be seen in Appendix E.
The constraints used to design the dosing systertisted 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 will3% L/day (6.37 x 18 L/s). This will allow for

each tank to filled every three days, or one tagikdpfilled per day. By decreasing the amount of
times to fill the tanks per day, the process cacobi® more regulated. The flow rate from the
central node and from each tank will be set anditoed from the valves placed in each pipe.
The flow rate from each tank to the central nodsukhbe set to .0032 L/s when the tank is full.
As the tank drains the flow rate will decreaseriogortion to the head of the tank. Using the flow
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rate from the central node and the accepted clégenge, the amount of chlorine in the form of
sodium hypochlorite can be calculated. These caticms are shown in Appendix E. There will
be 2.9 kg of sodium hypochlorite (household bleaziged per day to a full tank.

A hydraulic analysis was performed on this systersrisure that the system was capable of the
design flow. As shown in Appendix Bhe dosing system is hydraulically sound. By estiinga

the head in each tank assuming one tank at 1/3citgp@/3 capacity and full capacity, the
resulting flows from each tank and the flow frone tbentral node were calculated. Table 6.3
shows that these flows exceed the design flow, mgahe system provides more than enough
head to guarantee the dosing system will flow avigy. The letters in the table correspond with
the flow coming from each tank with A being at t&pacity, B at 2/3 capacity, and C being at
full capacity and D being the flow coming from thentral node of the system.

Table 6.3. Hydraulic Flow Analysis of Dosing System

Hydraulic Flow Analysis
A 9.4 L/s

B 26.1L/s

C 152 L/s

D 50.8 L/s

As shown by the hydraulic analysis and dosage lzlons, the new dosage system is simple and
dependable for the disinfection process. It is maoended that this system be used in
conjunction with the existing chlorine contact tank

The contact time for the existing system was caled using the design parameters present in
Table 6.4below. For this calculation it was assumed thereewe baffles in place.

Table 6.4. Chlorine Contact Time Analysis Parametes.

Water Temperature 15°C
pH 7
Normal Flow 22 L/s
Average Dosage (free chlorine 1-2 mg/L

Average Dosage (NaOCI) 1.05-2.10 mg/L
CT value for 99% removal of Giardia | 80.3 mg-min/l*®

Un-used Chlorination Tank Volume 41.6 ni
Unused Chlorination Tank Diameter 5.38m
Unused Chlorination Tank Height 1.83m

The calculations shown in Appendix D demonstrate different methods of calculating contact
time. The first calculation is the contact timetthesults from the existing system. The second
calculation is the contact time given by the WdHdalth Organization regulations to remove
99% of Giardia in drinking water, which is a commgathogen used to quantify quality
standards. The contact time with the existing teni1.5 minutes whereas the contact time

13 World Health Organization. "Guidelines for Dringitwater Quality." Vol. 1.
http://www.who.int/water_sanitation_health/dwq/gdi8§6.pdf.: 140
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6.3.

necessary for Giardia removal is 38.2 minutes. difference in these contact times shows that
the existing system should be improved in ordén¢cease the time in the contact tank.

It is recommended that the chlorine contact timeniseeased by constructing a baffle structure
within the chlorine contact tank. The baffle sturet will elongate the path travelled in the
contact tank to increase the contact time. By iasirgg the contact time, the disinfection system
will be more reliable as a process which will gt community more faith in the water they
drink from the tap. The baffling structure desigfedthis tank is shown in Figure 6.9 below, and
takes into consideration the relation between the tatio and time in the tank.

Figure 6.9. Existing Chlorine Contact Tank with Prgposed Baffling.

Drinking Water Distribution Renovations

Renovations to the drinking water distribution netlwin Phase Il are a follow-up to the analysis
done on the system after metering has been indtalke described in Phase Il. Once the water
usage data is reviewed and analyzed, the publi&smyofficials should have a better grasp on
which pipes within the distribution system are legk It is recommended that these leaks be
addressed as soon as possible by either sealimg tineif necessary, by replacement of the entire
pipe. Once this process begins, the water usager meddings in the reservoir and individual
homes should begin to equalize. There will be Vessted water, and the demands on the system
will also decrease.

Drinking Water Source Protection

Phase Il calls for protection of the river watértlze capture point. As Figure 6.10 shows, the
nearby hill slopes are completely exposed to teenehts. This allows small gusts of wind, as
well as animals and rain to push large amountgdihsent into the river not more than 75 meters
upstream of the river capture. With such turbidervatpstream, the downstream processes such as
roughing filtration and slow sand filtration wilbh be effective to their potential, which, in turn,
results in less drinking water for Cajabamba.
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Figure 6.1Q Site Photograph- Exposed Slopes Upstream of River Intak

To protect the river capture from strong sedimeaids, it is recommended that vegetatior
placed on the hill slopes. This will allow roots teike place and create a sturdier slope. |
likely, larger vegetation would not take root faotlong becawe of its weight. Therefore, tt
vegetation should be in the form of native grounecc

Combined SewerSysten Renovations

As discussed in 2,4he city of Cajabamba currently has a relativedynplete combined sew
system, although there are still several regioms #ne without service. New combined se
piping has been desighéo extend the current system to service thesesarktown. In genere
these areas are sloped such that the only cortstiagerved is a minimum cover of one me
and the piping is then connected into the exissygtem. The proposed sewer is atos
concrete to match the existing, with 30 cm diameptpe proposed in all the areas except in
Evangelista and Miraflores neighborhoods, where cB® pipe is proposed. The propo:
additions to the combined sewer system can beis¢Figure 6.11.
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Figure 6.11. Proposed Additions to Combined SeweryStem.

Phase IV Recommendations
Combined Sewage Treatment Overview

Due to space constraints and other factors, a dh@ystem with two distinct treatment stages is
recommended for the treatment of the combined sevimgCajabamba. The first stage of the
treatment process is septic tanks, which are dedign handle sanitary flow from multiple
residences or commercial locations. The efflueainfithe septic tanks will then be discharged
into the existing combined sewer system. The fbrtieeated sanitary effluent will be combined
with any storm flow that is captured and conveyethe centralized discharge location, at which
point the combined flow will undergo the secondyst@f treatment. After initial screening to
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7.2.1.

remove any remaining rags and floatables, the fMllvproceed into a soil absorption system,

which will discharge the water via perforated pipesler the ground surface. The water is then
allowed to percolate through the soil, which actaaatural filter, before eventually returning to

the groundwater.

More traditional treatment methods, such as sedimtien and trickling filters, were initially
considered, but were ruled out for several readeinst of all, these systems are more complex,
both to implement and to maintain, and one of tldnngoals of this design is to keep the process
simple to implement and operate. The second andapyi reason that conventional treatment
methods were deemed infeasible is the space liontat the treatment site. There is very little
space available at the current discharge pointHerconstruction of a conventional treatment
arrangement, and there are no suitable alternkoations. For these reasons a hybrid system is
the recommended solution.

Septic Tanks
Residential Tank
Sizing Considerations

The residential tank was designed as an onsiténtezd method for Cajabamba’s wastewater
needs. “Septic tanks are buried, watertight rectggadesigned and constructed to receive
wastewater from a home, to separate solids fromlithued, to provide limited digestion of
organic matter, to store solids, and to allow tleeified liquid to discharge for further treatment
and disposal. Settable solids and partially decampcludge settle to the bottom of the tank and
accumulate. A scum of lightweight material risestlte top. The partially clarified liquid is
allowed to flow through an outlet structure justavethe floating scum layer:* The residential
tank is sized to treat six homes. By increasingniln@ber of connections per septic tank there are
decreased materials and excavation costs duenbalées amount of tanks needed.

The residential tank is sized based on the assangptioncerning average wastewater demands.
As shown from our design constraints the water dehia Cajabamba is 160 L/day/capita. From
this constraint, the wastewater flow as a percentafgthe water demand was determined as
80%". The wastewater flow was then found to be 128 y/fdpita. Five people per connection
were assumed, with six connections per residetdigk. The design flow per septic tank was
calculated to be 3840 L/day. For flows between 2845680 L/day the capacity of a septic tank
should be equal to 1-1/2 days of wastewater flowint) this constraint the capacity of the
residential tank is 5760 L.

The residential tank has two compartments in otdegive better treatment results due to the
larger flow it is treating. When a tank is propedivided into compartments, BOD and SS
removal are improved. The benefits of compartméatbn are due largely to hydraulic
isolation, and to the reduction or elimination wfercompartmental mixing. Mixing can occur by
two means: water oscillation and true turbulencscil@tory mixing can be minimized by

4 Onsite Wastewater Treatment and Disposal Systeévashington, D.C.: U.S. Environmental ProtectiogeAcy,

Oct. 1980: 98.

5 Reynolds, Tom D., and Paul A. Richartiit Operations and Processes in Environmental Begiing 2nd ed.

Boston: PWS Publishing Company, 1996: 96
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making compartments unequal in size and reducing-through ared To reduce this mixing,
the residential tank has a second compartmenisioaie-third the size of the first.

In the first compartment, some mixing of sludge andm with the liquid always occurs due to
induced turbulence from entering wastewater andlifpestive process. The second compartment
receives the clarified effluent from the first caanfment. Most of the time it receives this
hydraulic load at a lower rate and with less tuehak than does the first compartment, and thus,
better conditions exist for settling low-densitylids. These conditions lead to longer working
periods before pump-out of solids is necessaryiamdove overall performancé.This allows

for the tank to treat an increased flow withoutihgwo pump-out more often.

Design Parameters

The dimensions for the residential tanks are bas#dthe capacity of the tank and the
recommended liquid depth for the tank. A recommenliguid depth was assumed using the
Water Purification, Distribution and Sewage Dispagside from the Peace Corps. As seen in
Table 7.1, based on a capacity of 5680 L (1500 ga8.the recommended liquid depth should be
1.35 m (4.5 ft) with the total depth being 1.7 nb(8). This allows for a head space at the top of
the tank which is equal to roughly a fourth of tiggiid depth. This space permits ventilation for
the gases being emitted from the sewage and givasea for the scum to gather at the top of the
liquid. It is practice for the length of the firsbmpartment to be about 2-3 times the width of the
tank. It was assumed for the residential tank thatiength of the first compartment is 2.5 times
the width of the tank. The calculations using themestraints to determine the dimensions of the
residential tank are shown in Appendix Bhe design parameters for the residential tank are
shown below in Table 7.1.

Table 7.1. Residential Septic Tank Design Parametgr

Residential Tank Design Parameters
Capacity| 5760 L
Volume of 1st Compartment3.9 n?
Volume of 2nd Compartment1.9 n?
Recommended Liquid Depthl.35 m
Total Depth| 1.7 m
Width | .95 m
Length of 1st Compartment2.4 m
Length of 2nd Compartmentl.2 m

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

16 Onsite Wastewater Treatment and Disposal Systkdés,
" Onsite Wastewater Treatment and Disposal Systkdés,
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Figure 7.1. Residential Septic Tank Profile View.

The main part of town on the north side of the Ramerican Highway is on saturated soil. This

can create a problem concerning ground water leakdg the septic tank. In order to resolve this
issue, the bottom slab of the residential tankkigarea 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 congttith concrete. Septic tanks are commonly
made from fiberglass, plastic or concrete. Condseteery versatile and easy to obtain making it

the ideal choice for the residential tank. Unlilkee toff-the-shelf plastic septic tanks, using

reinforced concrete allows the tanks to be desigmed sized for unique situations. As the

residential tank is sized for a cluster of homesdad of one household, the ability to size for
distinctive situations was integral. All inlet aondtlet structure should be cast iron sanitary tees
100 mm in diameter. The elbow inside the tank tminects the two compartments should be
made of a durable and corrosion-proof materiails buggested 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 compartmentheatop of each tank. The access points are
square holes with sides that are .51 m long. Eacksa point has a reinforced concrete cover. At
the top of the cover there is a .61 x .61 x .1 otise that will sit on top of the tank and ensure a
tight seal. The bottom of the cover is .51 x .51.% m which will fit into the access point. The
covers will have a rebar handle on the top foiniftthe manhole off the septic tank. A detailed
view of an access point is provided below in Figiuz
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7.2.2.

Figure 7.2. Septic Tank Access Point Detail.

Figure 7.1 above shows the placement of the aqmessin the residential tank.
Commercial Tank
Sizing Considerations

The commercial tank is very similar in design te tesidential tank, but is intended for use
primarily for groups of restaurants located alohg Pan-American Highway. The tank is sized
based on estimated sanitary flows from restauraatsulated on a per customer basis. According
to the EPA Design Manual for Onsite Wastewater ffneat and Disposal systems, the average
sanitary flow is 34 L/customer. It was assumedtfar purposes of calculating the design flow
that on average there are 50 customers per dayep&urant. With these assumptions each
commercial location has a sanitary flow of 1700dy/dThe commercial tank is sized based on
three commercial connections per tank, giving aigedlow of 5100 L/day. The detailed
calculations for this design flow are shown in Apgix E.

Design Parameters

Using the commercial design flow and the same giparameters as described for the residential
tank the design parameters listed in Table 7.2 weveloped for the commercial tank.

Table 7.2. Commercial Septic Tank Design Parameters

Capacity| 7650 L
Volume of 1st Compartment5.1 n?

Volume of 2nd Compartment2.55 nt
Recommended Liquid Depthl.5 m
Total Depth| 1.9 m
Width | 1 m
Length of 1st Compartment2.7 m
Length of 2nd Compartment1.35 m

A detailed view of the commercial tank with the pagtens in place is presented in Figure 7.3.
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7.2.3.

Figure 7.3. Commercial Septic Tank Profile View.
Materials and Access Points

The recommended design for material consideratimusaccess points for the commercial tank
are the same as the given design for the residi¢amiaabove.

Septic Tank Placement

As the tanks will be utilized by clusters of homésyill be important to install the tank at a
central location in relation to all homes utilizitige tank. Each house or commercial institution
sewer will be disconnected from the existing cditet system and connected by tank group to a
central inlet pipe into the tank. The central infetist be installed at a depth that provides
adequate gravity flow from each connection. Th& tanist be placed at a depth that matches the
invert elevation of the central pipe containing leaonnection sewer flow and that provides
sufficient gravity flow by outlet into the existingpllection system.

The most important requirement of installationhattthe tank be placed on a level grade. The
tank should be placed on undisturbed soil so thidlirey does not occur. If the excavation is dug
too deep, it should be backfilled to the propevalien with sand to provide adequate bedding for
the tank. Tank performance can be impaired if @ll@osition is not maintained, because inlet
and outlet structures will not function propeffy.

Other considerations for tank placement includeintak accessible by truck in order to allow
for easy pump-out of sewage. The tank should beedlgo that the access points are below grade
in order to prevent accidental entry.

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

18 Onsite Wastewater Treatment and Disposal Systidgs,
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Team Equatic Ecuador does not have enough infoomatin the layout of Cajabamba to
recommend an exact number of septic tanks thatbsiltequired, but it is possible to obtain at
least a rough estimate. There are 863 known coionacto the water system, so it is reasonable
to assume there will be roughly that many saniteopnections as well. The breakdown of
residential versus commercial connections is unknolwut the vast majority should be
residential. Based on the fact that the resideriiaks will serve six connections and the
commercial will serve three, a conservative estinmpalts 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 resgithat the tank be pumped periodically. When
first put into use, the tank should be inspecte@-atonth intervals to check when pumping is
required. The tank should be pumped when the sliggs is within 30 cm of the inlet of the
pipe connecting the two compartmetitsThe level at which pumping is required for both
residential and commercial tanks in shown in Tab® as is the estimated volume that will need
to be pumped when the sludge reaches that levelsiipporting calculations for this can be seen
in Appendix F. During inspection the condition b&tinfluent and effluent baffles as well as the
pipe between the compartments should also be aedlua

Table 7.3. Septic Tank Pumping Schedule.

Tank Sludge Depth at which| Estimated Volume of
Pumping is Required Septage Pumped
Residential 0.50 m 2000 L
Commercial 0.60 m 2565 L

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

The city will need to outfit a truck with a tankdapump capable of pumping the solids out of the
septic tank. Since more will have to be pumped ftbm commercial septic tank that is what

dictates the required tank size and pump spediicsifor the truck. The recommended tank size
is 3000 liters, which should be more than enoughatwy the septage pumped from one septic
tank. In order to fit in the back of a pickup trutle tank should be roughly 1.5 m in diameter and
1.7 m long, ideally with a flat bottom for incredsstability. The pump should be a vacuum pump
capable of pumping the septage from the bottorh@&eptic tanks into the truck tank, which is a
head difference of roughly 5 m. A pump with a fleate on the order of 5 L/s at that head level
should be sufficient and will be capable of emptyihe tank in less than 10 minutes.

7.3.2. Land Application of Septage

The scum and sludge removed from the septic taikstil contain some level of pathogens, so
care must be taken during this stage of the proddms simplest method of handling the septage
is land application, which also provides additiobahefits.

¥ King, Teri, and Jodie Holdcroft. "Pumping Your Sleprank." Washington Sea Grantniversity of Washington.
http://www.wsg.washington.edu/mas/pdfs/pumpsepdic.p
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A location outside of the main part of town is recoended for the land application process,
since a sizeable area is required and because fircaluce foul odors. The land area required is
determined by a recommended annual application(f#&) based on the nitrogen requirements
of the crop being grown, which are shown in Table Bince it is unknown what the septage will
be used for, the lowest AAR, 10.8 Liktay, was used for the purposes of determiningahd
requirements. Combining this information with th&timates of the amount of septage to be
pumped, the area of land required is estimated:td.87 hectare (28,700%mas can be seen in
the calculations in Appendix F.

Table 7.4. Recommended Septage Annual Applicationa®es?

Crop Expected Yield | Annual Application | Annual Appzlication
[bushel/acre/year]| Rate [gal/acre/year] Rate [L/m“/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 applicat®on the northern edge of Cajabamba along
the old Pan-American Highway. This location is mety densely populated, and it is also far
from potential water sources, which limits the poifity of cross-contamination. The exact
location will need to be determined by visiting thiea and locating the most convenient site.
Access to the site should be restricted by thetoaetion of a fence or other measures to prevent
public interference and limit any spread of contzamnis.

Septage should not be applied when the soil i$'w&0, if possible, septic tank pumping and
subsequent application of the septage should ndobe during the rainy season, which generally
occurs between January and April in Ecuador. Stheee will be an estimated 175 total septic
tanks in the city, and assuming that each tank béllpumped annually, on average one tank
should be pumped per day in order to insure tHabfathe tanks are pumped during the dry
season.

The application of the septage can be done mogthgiamd economically by the same truck used
to pump the septic tanks. Care must be taken, henweluring the application process to not

2 A Guide to the Federal EPA Rule For Land Applicatiof Domestic Septage to Non-Public Contact Sites.
Washington, D.C.. uU.S. Environmental Protection Age Sept. 1992.
http://www.epa.gov/iowm/mtb/biosolids/septage_gydé.27.

2L Wastewater Treatment/Disposal for Small Communiti#&ashington, D.C.: U.S. Environmental Protection
Agency, Sept. 1992: 78.
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7.4.
7.4.1.

cause too much compaction or rutting of the sailthés will adversely affect the treatment of the
septage.

Following this process, the added benefit is thailakility of the treated septage for use as a
fertilizer. The stabilized septage is an excelsmirce of organic matter and nutrients, and the
fertilizer can also be sold as a source of incoaretlie city. There are different recommended
septage maturation periods depending on the catgthib fertilizer is to be applied to. If growing
an animal feed crop or food crop that does not atlyntome in contact with the ground, a wait
time of 30 days is recommended. For crops thataetelly touch the ground, the time required
increases to 14 months. Finally, for crops growiowehe ground surface the recommended wait
soars to 38 montté Due to these wait times, it is recommended thaféktilizer only be used in
the growing of animal feed crops or other food srdipat do not contact the ground surface.
Examples of crops that fall into these categoriesshown in Table 7.5.

Table 7.5. Examples of Crops Impacted by Domesticeftage Pathogen Requirements

With Harvested Parts Which...
Usually Do Usuall
Not Touzh the | Touch tﬁe AreGBrce)lIJor:/(\; the
Ground Ground

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

Centralized Treatment
Location

The centralized treatment will be located at therent outfall of the combined sewer system, on
the northern edge of Cajabamba, just west of tmeAPaerican Highway and on the south side of
the Cicalpa River, as shown in Figure 7.4. Thereusently a small meadow at this location
which will be utilized for the soil absorption sgat.

22 A Guide to the Federal EPA Rule For Land Applicatid Domestic Septage to Non-Public Contact S&8s
% A Guide to the Federal EPA Rule For Land Applicatid Domestic Septage to Non-Public Contact Siés
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Figure 7.4. Combined Sewer Centralized Treatment & Vicinity.

7.4.2. Flow Regulating Structure

To convey the combined sewage to the new treatfaeitities, a new shotcrete channel, with the
same dimensions as the existing shotcrete, wildmected into the last existing manhole in the

system, as shown in Figure 7.5.

Figure 7.5. Combined Sewer Proposed Shotcrete Chagis.

Upon reaching the centralized treatment site thebdoed sewer flow will enter a concrete flow
regulating structure. When the water reaches aioeldvel in the reservoir it will begin to pass
over two weirs leading to parallel bar racks. Otieehead in the reservoir is such that each of the
weirs is allowing 75 L/s to pass, for a total of016/s, there is an overflow weir in place to
convey any excess flow into the existing river Hege conduit via a new shotcrete channel,
which is also shown in Figure 7.5. The calculatisapporting the sizing of these structures are

shown in Appendix G.
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As detailed in Section 3.3, the peak sanitary flev24.8 L/s and is expected to rise to 31.5 L/s
over a 20 year period. The soil absorption systednbly the flow regulating structure is designed
to handle a capacity of 150 L/s. This allows thstey to easily handle the additional flows due
to the fact that it will be treating water from antbined sewer system. Although data on the
volume of stormwater contributing to the systeranavailable, the additional capacity should be
enough to manage additional flow generated by stwemts. In the case that there is not enough
capacity, the overflow weir will provide a bypass the excess flow to the existing discharge
conduit to the Cicalpa River. This should rarelywéndo be employed, and in the event it is
required, the water discharged into the river vatintain much diluted concentrations of
pollutants as it will be primarily stormwater.

7.4.3. Screening

From the initial reservoir, the flow passes ovep tweirs to the bar rack system intended to
remove any remaining rags and floatables. Thernebeitwo parallel bar racks with a gate system
to allow for flow to be shut off to either bar raifknecessary for cleaning or other maintenance.
Each bar rack will be 0.5 m wide and 1.0 m talld ahe bars themselves will be 15 mm in
diameter and spaced 33.5 mm apart, as shown ime=i§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 mountedais $pecific dimensions to ensure the optimal
flow rate through the bar racks. The approach wi@tiould be no less than 0.38 m/s to prevent
settling, but no more than 0.91 m/s to preventifgranaterial through the openingsEach
channel will be 0.5 m wide and sloped at a rat®.6018 m/m, with the base of the bar rack
located roughly 0.9 m from the start of the charnnedrder to produce uniform flow across the
screen. Also, the channel will be covered with Amnm&um grating to enable easy access for
cleaning of the bar racks, which will need to baeloegularly to keep them operating. Details of
the grate are shown in Figure 7.7. When first ptb ioperation, the system should be closely
monitored and the bar racks should be raked dagpending on the operation of the system and
rate of solids build-up on the racks, the frequenicsaking could be decreased.

% Great Lakes-Upper Mississippi River Board of Sfatblic Health and Environmental ManageRecommended
Standards for Wastewater Facilitiealbany, N.Y.: Health Education Services, 1990:160
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7.4.4.

Figure 7.7. Bar Rack Channel Grate Cover Design.

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

Soil Absorption Beds

For soil absorption beds, a header pipe is burigdkerground to convey the wastewater to the
absorption field, with a series of 110 mm perfoddtgeral pipes branching off of the header pipe
that allow the water to percolate into the groufkle pipes are surrounded by a layer of gravel
media, with nominal media diameter between 20 dnché to allow for better percolation. Some
of this gravel layer can come from the gravel reetbfrom the first bay of the roughing filters as
part of the Phase Il recommendations. On top ofjtheel is a barrier material, which in this case
will be a layer of straw roughly 5 cm thick. Thestref the excavation will be backfilled with soil.
The purpose of the straw layer is to keep the liaskiil from filtering down into the rock and
decreasing the ability of the wastewater to peteota potentially clogging the perforations on
the pipe. The depth of excavation required forabwestruction of the soil absorption beds will be
roughly 0.68 m at the northeast corner of the siteere the current elevation is lowest, and
increasing to the southwest as the land naturddlpes. This is to maintain a constant bed
elevation throughout the site. A detailed crossisrof 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 pretreaitrstage is a 30 cm diameter pipe which serves
as the header pipe for the soil absorption didtidnunetwork. The initial stretch of the 30 cm
header pipe is laid at a 0.190 m/m slope to geaerdiead difference, but all of the remaining
pipes should be laid at as close to a constantidevas possible. This allows the water to be
distributed more evenly across the area, instead die water tending to flow out of the point of
lowest elevation in the distribution netwdrk.

The soil absorption network consists of three déife soil absorption cells, as seen in Figure 7.9,
each of which is made up of several 10 cm perfdrptpes branching out from the header pipe,
which allow the water to soak out into the surrangdsoil. The lateral pipes have 15 mm holes at
8 o'clock and 4 o’clock around the circumferencettod pipe, spaced 0.25 m apart along the
length of the pipe. Each cell covers an area ofintyu140-150 ri Depending on the soil type,
different hydraulic loading rates are recommendadyresented in Table 7.6. Since no soil data is
available for the treatment site, calculations werade based on the lowest recommended
hydraulic loading rate, 1.0 cm/day. This means #aath soil absorption cell can handle at least
160 L/s. This is why, with an additional factorsaifety, the weirs to the soil absorption beds are
designed to allow 150 L/s to pass before the overflveir and bypass structure is put into use.
Before implementation of this soil absorption sgsté is recommended that a percolation test be
done on the soil at the treatment site to veriéit guch a system is viable.

% Converse, James C. "Distribution of Domestic Wadsiiuent in Soil Absorption Beds.Transactions of the
ASAE17, no. 2 (1974): 300.
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Figure 7.9. Soil Absorption Bed Plan View.

Table 7.6. Typical Hydraulic Loading Rates for Treaing Domestic Septic Tank Effluent®®

Soil Texture Su_rface 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 loanj 2.1

Loam, silt loam 2.5

Clay loam 1.0

Each of the soil absorption cells is separated filoarest of the network by a valve system. This
is to allow one cell to be operated at a time wiile others are rested. In order for a soil
absorption system to operate at greatest efficiénisyrecommended to rest cells either annually
or semi-annually. This setup also allows any giwefi to be taken out of service should

maintenance be required. It is recommended thatcelidoe operated at a time while the other
two are rested, and that the cell in operationdtcked annually.

Phase V Recommendations
Well Construction
Wells are recommended as the final change to timkidg water management system for

Cajabamba. Well water is safe, reliable and easyamtain. In using well water, there is less to
consider in terms of treatment needs as and mantencosts. Wells are a source of ground

% \Wastewater Treatment/Disposal for Small Communifi8s
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water which is naturally cleaner and in better éomal for drinking than surface water. As a
result, well water does not need to go throughtpratment and filtration as the river water does,
subsequently reducing treatment costs for drinkiager. The well water provides a consistent
flow that is more reliable than the current flowsnh the river and spring sources. The existing
well report notes that the artesian flow of thelwehtinued uninterrupted during the well tests,
which indicated that the freatic water surface Wwasely affected. By drilling two new wells,
there will be enough water from this source to #late the need of water from river and spring
sources. This will reduce the water supply to glsirsource which will make the drinking water
management system much simpler and more dependable.

The two new wells will be identical to the existimgll, and together will simply provide three
times the amount of flow one well can produce. Hy®ut of these wells can be seen in Figure
8.1. The following well design is based on the gegieport from the existing well. Figure 2.9
shows basic construction dimensions of both praposells. The wells will be 8 inches in
diameter and have a depth of 105 meters. The welhg will be a schedule 40 — 8” steel pipe.
The annular space around the well casing will lmigrd with clay to a depth of approximately
20 m. The well screen will be put at several déptiations as shown in the diagram. The screens
shall be SS Johnson with a continuous wire wrapgu30/40 wedge shaped slots.

Figure 8.1. Proposed Well Layout.

The proposed well location is in the same mead®tha existing well, so it will also be artesian.
The new wells shall be connected to the currerg lanning from the pump house to the
treatment plant. To deliver this much flow, thestixig pump house may need to be expanded and
two new pumps added in series. These pumps shaulthdo GEOFLO SP 17-10 model. The
pump-head and efficiency curves for this pump &a@w in Figure 8.2. The information in this
figure was provided by HCJB since they helped tddbthe existing well and determine the
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necessary pump. As the figure shows, the GEOFLQ7SFO can provide more than enough flow
to deliver water from the artesian wells and hds@ent efficiency of roughly 60%.

System and Pump Curves
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Figure 8.2. System and Pump Curves.

Phase Construction Costs

The total estimated construction costs for eachs@lare 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
[ $0.00
Il $14,832.50
1] $96,006.62
v $323,157.47
Vv $90,866.67
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The proposed timeline for phase implementation tvemext 20 years is discussed in the Design
Summary in above. Based on this timeline the eséichphase construction costs incorporating
time-value of money are shown in Table 9.2.

Table 9.2. Estimated Phase Construction Costs wit#fo Inflation.

Phase Prop. Starting Year Total Phase Constructioost
I 0 $0.00
Il 1 $16,042.83
1l 4 $112,314.17
[\ 10 $478,352.00
V 18 $184,079.19

Phase | has no associated construction costs, remdfdre, has minimal financial barriers to

implementation. Phase Il incorporates some wagatinent plant improvements and distribution

system metering installation allowing for the cleper cubic meter for water usage. Charging
per cubic meter will provide the financial backittggimplement the remaining phases. Phase llI
involves more expensive water treatment plant iwmgnmeents, and also a combined sewer
collection system extension. Phase IV involvescibestruction of a complete waste management
and treatment system for Cajabamba. Phase V bagthe tail-end of the design life of the water

treatment plant and implements wells as the soleenwsource for Cajabamba. A proposed

operating budget for the 20 year design life issghon Appendix .
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Appendix A. EPANET Output for Drinking Water Distri bution System.
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(5 YoT# () 4 7% (( #i 47( A(7# # % 7)¢ %(74
"4 74) (7% 4% 7%" 7" # 447" 474 %(7( %t 7
g 7( 7)5 44 7" "4TH #( 4'7) 47% ( %"7) % 74
" (7 "57)’ 4 75 "574) #" 4'75 47 " % 7" %(74
7(4 "57H 2) (474" ('7) # 4'7 4 47(" 4 4(7) 2H7Y
0 #7 U "75( 45 7(4 574 #% 4'79 47( ' A4(7#" %57
"% #7'5 )7%. 3 "7(5 "(7#4 #4 4(7% 447 5 %%7 %(7)l
"4 "7 7#5 ' #7 4 75" # 474 447" Vol %47% % 7()
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Appendix B. River Capture Structure Bar Rack DesignCalculations.

River Intake Bar Rack Design

Design Criteria

Maximum water flow rate: Qy:= 12£
s
Flow channel width: W =7Icn
Flow depth: D:=9&n
. 1
Slope of bar rack: =
1
Bar spacing: Bg:=7mn
Bar thickness: B; :=10mn
Calculated Values
. Qa m
Channel velocity: V= —— V,=0.018—
W>D S
VWD
Between bar velocity: Vi = Vp =0.043—
B S
> WD
Bg + Bt
2 2
) Vo - Va 1
Head loss: h i=——F—>*— h_ =0.111Imn



Appendix C. Flow Technology Flow Meter Cut-Sheet.
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Appendix D. Fabric Filtration and Screening Box Degn 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, Qgeir:

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, Qgeir:

h:=12r
w:=1.2r
Loweir-= 0-47
Howeir:: 0.1
3 L . H . H .
ft oweir oweir oweir
= 3.33—x - 0.2 X
Qoweir s it it ft
Qoweir = 22.092-
Lyeir:=0.4r
Hyeir:= 0.2
3 L H H 1.t
ft weir weir weir
= 3.33—xX - 0.2 X
Qweir s fit " fit

Qi = 59197
S
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Pressure on geotextile fabric during overflow condi

Maximum head difference across fabric:

Pressure on fabric:

Construction material requirements

Concrete for box:

tion
h| = Hyeir- Howei

N
Ffabric: 9810—3 >h|_
m

N
Frabric = 981_2
m

Veoncrete:= (1.2m<0.18%4.31)>6 + (0.63mx0.16v4..31) %

v =1.255m

concrete

Piping requirements for inflow pipe and overflow pipe

Lpipe:: 5
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Appendix E. Chlorination Dosing System Design Caldations.

Chlorine Dosing System Hydraulic Calculations

Diameters Lengths Elevations Pressures
D4 :=50mn L1:=1.60% zp = 1.38r pp = oLl
m2
D, :=50mn Ly:=.3% zg:=1.61
N
pg = 0x—
D3:=50mn Lg:= 1.60% 7c:=1.980 e
- — [pe— . —_— . — N
D4 :=100mn Ly:=4.7r Zp = 1.03 Pi=0+
m
zg =0
Hydraulic Resistance Heads Friction Factor
N
8L, PA f=.01 | :=9816—
ky = Ha = — +2p
2 5 I
p 9D
P
e —
k2 = 2 HB " |_ + ZB
2 5
p gDy
Pc
8>¢>L3 HC:: |_ + ZC
kq:=
37 2 5
p 903 _
HE.— ZE
8L
4
k4':
2 5
p gDy

Solving for Head at Central Node

Hp:=.72r

|Ha - Hp| . |Hg - Hp)| . |Hc- Hp| [[Hp- Hg
ky ko kg ky

HD := Find( Hp) HD = 1.001m

Giver




Solving for flow rates in each pipe

Q= 0021% Q= 0021%
S S

Giver

Qg:= 0021% Q= 0063&
S S

Q1= 9.44%
S

Q2= 2614
S

Q3= 15.184
S

Q4= 50.76&
S

Chlorine Dosing System Dosage Calculations

SupplyFlow, o= 22%

Supp|yF|OV\éVg = 16%

Range of Acceptable Chlorine Dosage

Dosage := SupplyFlovy,,3D0sagegh
Dosage, := SupplyFlOV\éVgi)OS&g%igh
Dosage; := SupplyFlowy, 5 D0sags,,

Dosagg, := SuppIyFIOV\éVg>DosaquW

Design Parameters

Dosagedesign:: Dosage

Dosagq“gh =2 3

Dosaggqy, == 1%]

Dosage = 44@
S

Dosage = 32ﬂ]
S

Dosage; = 22@
S

Dosagg, = 16m
s

g

mg

Dosag%lesign = 32?
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L
FlOWdeSign = 550d_ay

Volumqank:z 550

Dosaggesi
Concentratioraesign:: ——ceson Concentratioraesign =5.027 18ﬂg
FIOWdesign L
C|2Am°u”Hesign = Concentratioraesignwolumqam C|2Amoun8esign= 2.76 kg
ChlorineRatia= 4.4
NaOCIAmoun&eSign:: CI2AmounaesigrfChlorineRati NaOCIAmounaeSign: 2.9kg

Chlorine Contact Tank Time Calculations

Diametefy )= 5.387 (existing contact tank)

Heightg = 1.831 (existing contact tank)

mg . .
Dosageniorine= 2.1(';<T (assumed from typical practice)
L . .
FIOW, ormal= 22 g (given by existing flows)
. 2 .
Volum 3 Diametefy i ’He'ghttank .
fank-=P 4 Volumg,y = 41.601ni
Volume,
Tim = : .
€ontact FIoWn ol Time,gntact= 31-516nir
Time, _ CTfreechlorine
ontact2 D0Sage:hiorine Tim&.gntact2= 38-238nir
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EPANET modeling of chlorine dosing system

T
0.64 r:|_.98
0.05
All units in meters of pressure
0.00
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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:

L
w = 160——
demand dayxcapita
Pdemand= -8(

WW 0w = Pdemand’deman

Connection:= &apite

RSTconnectioniz 6xConnection

RSTow = RSTeonnectionW'Wrilow

= 1.5RST o day

RSTcapacity’
2
Vcompartmentf g >RSTcapacity
1
Vcompartmentzz g >RSTcapacity
Dliquid =1.3%
_— Diiquid
scum- 4
. Vcompartmentl
Acompartmentl‘ Drotal
ota
. Vcompartmentz
AcompartmentZ‘ Diotal
ota

_ Acompartmentl
WRsT= [T ¢

Lcompartmenti= 2-9WRs?

. Acompartment2
compartment2-

WRsT

L

Appendix F. Septic Tank Design Calculations

capita:=1

L
WWsow = 128—d

L
RST =3.84 18 —
flow day

RST.apacity=5.76 101

"

VeompartmentT 3.84m

"

VeompartmentZ 1.92m

Dgcym= 0-338m

A £ 2.250m

compartment

_ Z
AcompartmentZ 1.129m

|Lcompartmentf 2.376m

|Lcompartmentf 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:

Customer= 5&apite

34L
day

WW capita'=

WWrow =WW Capita>Custome

CSTeonnection= <

CSHow = CSTeonnectionVWrlow

CSTcapacity:: 1.5CSHgyday
_ 2
Vcompartmentl‘ 5 ’CSTcapacity
_ 1
VcompartmentZ‘ 5 ’CSTcapacity
Dliquid =157
__ Diiquid
Dscum™= 4
. Vcompartmentl
Acompartmentl‘ Diotal
otal
_ Vcompartment2
AcompartmentZ‘ Diotal
otal

_ Acompartmentl
West= [— o2

Leompartmenti= 2-Wcs?

. Acompartment2
compartment2-

West

L

capita:=1

L
WW =1700—
‘ flow day

L
‘CS-IhOW = 5100@

[cST = 7650

apacity

Veompartmentt 5.1m

"

VeompartmentZ 2.55m

Dgcum= 0-375m

_ 2
Acompartmentf 2-68M

2
AcompartmentZ 1-34m

|WcsT=1.036m

|Lcompartmentf 2.59m

|Lcompartmentf 1.295m
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Appendix G. Septage Handling Calculations.

Septage Handling and Land Application Calculations

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

Residential

Nrac:=13(

res:

D
D

reS.l:: .8m- .3r

res.2= PDres .

. y,
Ares.l" 2.4m

. y,
Ares.2" 1.2m

Volume of septage pumped per tank

Vies'= (Dres.l+ S1)>’Ares.1+ (Dres.2+ S2)>’Ares.:

Overall

Vies=198 101

Vres. T= VresNres

Vyes 7= 2574 16L

Frequency of pumping, Pr = 1yr !

Total Volume of Septage for Land Application,

Annual Application Rate,

Land Required for Land Application,

AAR :=11500-92
acrexyr

Commercial

Neom'= 2(

D
D

Com.l:: 9m- .3r

com.2= - Ocom.

S, =0.15m

S,=0.1m

A = 2.7 ¢
com.1:=&-/M

1 and
Acom. 2= 1.35m

Veom™= (Dcom.l+ S])”Acom.l+ (Dcom.z+ SZ)"A‘com.:

Volume of Tank Required for Septage Pumping Truck,

Viank = ceil max —,

Length of Truck Bed,

Required Diameter of Tank, D := Ceil

Required Length of Tank,

V V

com 2
m

3
m m

res

Lbed :=76n

Vtank
2
LpegPm

Vtank

L =
tank 5

Dtank
2

pX

5

V1= (Vres.T+ Vcom.'l)pf

,.052r

Veom=2565 161

Veom. 7= VeomNeon

om =513 181

Ve

vr=3087 16—
yr

AAR =10.757—
m2>yr

|A|and = 2.87hectare

‘vtank: 3" 101

Diank=1.5m
Liank= 1.698m
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Appendix H. Combined Sewage Flow Regulating Structe Design Calculations.

Distribution Header Pipe Sizing

‘ Manning's n | 0.013 |
Diameter Slope Flow Flow
[cm] P [Ls] | [m%day]
30 0.025 152.6 18673

Outlet to Distribution Header Pipe - Orifice

Diameter Head Flow
[cm] [cm] [L/s]
30 60 150.4
Weir Sizing
) Head Length Flow
Outfall to: [cm] (m [L/s]
Course Screens 25 0.33 75.9
Overflow 10 2.75 160.0
Absorption bed 20 0.5 82.3
Channel Sizing
Hyd. Channel | Channel .
Location I[:Il?;,]v Radius Depth Width SEI’SSe Vﬁlr?/g']ty
[m] [m] [m]
Course Screens 75.9 0.11 0.2 0.5 0.0018 0.759

Soil Absorption Bed Capacity

Dlsétnbutlon Area 140
[m?]

Desired Loading 10
Rate [cm/day] '
Distribution Area
Capacity [m*/day] 14,000
Distribution Area
Capacity [L/s] 162.0




Appendix |. Detailed Phase Construction Costs.

Material Costs

Material Cost Unit Comments Source
General labor $15.00 per person per day HCJB
Pipe installation $10.00 perm Including labor,
excavation, etc.
Excavation $3.55| pern HCJB
- Cajabamba
Electricity $0.12 | per kWh officials
Concrete $86.66 perim HCJB
Rebar $1.25| perkg HCJB
General steel $2.00 perkg
Sand filter media $54.10 perm HCJB
Roughing filter media $50.00 perm
Including labor, (E:it based O]?n
Manhole $400.00 per manhole excavation,  cover, S\
etc Wyoming's
' costs
110 mm perforated PVC| $297.9Der 100 m HCJB
110 mm PVC $28.00 per6m HCJB
160 mm PVC $53.27 per6m HCJB
200 mm PVC $84.34 per6m HCJB
250 mm PVC $100.89 per 6 m HCJB
300 mm PVC $152.99 per 6 m HCJB
400 mm PVC $257.60per 6 m HCJB
Phase Construction Costs
Phase |
Amount Unit Cost Comments
Unit Subtotal

Phase | Cost Total is  $0.00 |

75




Phase Il

Amount Unit Cost Comments
Unit Subtotal
Distribution System Meter Installation
Assuming
25% of the
Meters 216 $50 $10,800 | ex. meters
need to be
replaced
Installation labor 24 gerson- $15 $360
ays
Reservoir Outflow Meter Installation
Meter 1 $500.00 $500.00
Installation labor 2 gerson— $15.00 $30.00
ays
River intake bar screen
Bar screen 1 $100.00 $100.00
Bar screen rake 1 $20.00 $20.00
Installation labor] 2 gerson- $30.00 $60.00
ays
Springs
Cleaning/sealing labar 28 gz;sson— $15.00 $420.00
Roughing filters
Media 38.25| m° $50.00 $1,912.5Q
Media replacement labor 28 g:;zon— $15.00 $420.00
Slow sand filters
. person-
Leak repair labo 14 days $15.00 $210.00
Phase Il Cost Total is $14,832.50
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Phase Il

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
, person-
Vegetation labol 28 days $15.00 $420.00
Fabric filtration
Geotextile fabric m’ $25.00 $50.00
Concrete 13| m? $86.66 | $112.66
Excavation 4| m $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 pips 5/m $4.67 $23.33
Misc. PVC pieces $25.00 $25.00
Installation labor 14| BP0 | $15.00 | $210.00
ays
Chlorine Dosing System
5#8 9:6 (2 4 $1.50 $9.00
6 9 ; < (2 $3.74 $3.74
6 C (2= 2 $4.63 $4.63
%# 6 #|m $4.67 $93.33
# 6 #|m $4.67 $93.33
6 >7T#/ $ $12.10 $48.40
6 : ) $2.30 $18.40
%%# 1 " $138.00 $414.00
Installation labor 14| BT | $15.00 | $210.00
ays
Combined Sewer System Extension
300 mm PVC pipe 2,306l m $25.50 | $58,799.1p
200 mm PVC pipe 143 | m $14.06 $2,010.10
Pipe installation labof ~ 2,449| m $10.00 | $24,490.0p/Mcluding
excavation
Manholes 21 $400.00 | $8,400.0(
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Phase Il Cost Total is

$96,063.29

Phase IV
Amount Unit Cost Comments
Unit Subtotal
Septic Tanks(200)
Concrete], 1,000 m® $86.66 | $86,660.00
Excavation| 2,000 m® $3.55 $7,100.00
Manhole 200 $400.00 | $80,000.00
Assuming
10 m pipe
per
110 mm PVC pipe 12,000| m $4.67 | $56,000.00connection
and 6
connections
per tank
Installation laborl 5,600 SZ;‘ZO”' $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| m? $86.66 | $3,553.06
Excavation 560 | m® $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 pumj 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 | $63,000.0
110 mm PVC pipe (line to WTR)  1000| m $4.67 $4,666.67
Phase V Cost Total is $90,866.67

Phase Construction Costs Incorporating Time-Value bMoney

‘ Inflation Rate 0.04 \

Phase Proposed Starting Year Total Phase Construoth Cost
I 0 $0.00
Il 1 $15,425.80
I 4 $112,314.17
\Y 10 $478,352.00
\Y, 18 $184,079.19
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Appendix J. Proposed Operating Budget.

Estimated average water usage over the 20 yeagrdési: 160 L/capita/day

The revenue numbers are based off of a $0.12/m@ehia the first year, a yearly increase based%n 4
inflation, and a $0.05 increase at the beginningedr 2 and year 10. Operating cost is based on a
$30,000 budget for the first year, and a 4% ineea®ry year to account for inflation.

Lo
% &' ( '
# |"$ ? @ 278’ @ ) o 4) ,
# %"# (474 AHT ( A"B 47( | AHBHIHTH AHTH# AB(
9%5) (4)7% AHT' A4B5"7" | A" B(#HTHH AHTHH A)BT%)
( 44" ((7% AHT) A5B% '7#4 | A"(B )7## | A%B (%7)# A 5B %47)9
" (474 A#T5 A%(B"#7))  |A™B %75( ARTHE A"B(T)#
)#) 0#7) AHT(# A%%B(#57)4| A"%B#5%7'4 A (B" 7 CA%B)7(4
% N# 0%7# AHT(# A%)B(57%"  A"4B 557%5 AHTHE  BHCA'(
4 5%" 057" AHT( A4B%57) | A"B5%57%' AHTHH, TA5B
: %t() (5"74 AHT(( A4B5#7") | A"SB"75% AHTHE A 87
) % #" (5)7# AHT(" ADB%% 7TH#L A BHWTH AHTHE  HSTBE
5 % )i "H(7% AHT( A'B"4(7%# A (B4557"% AHTHE (7986
# %(%' "HTH AHT"# ASB™7#" | A B#T™ | A)B"%(T## A"%'EE%) 57'%
%4 " 74 AHT" A54B)"74  |A4B)"74( AHTHE A"#4I§)5%7"
( % 4 " 47" AT'( | A#BW(7) A)BHHTS AHTHE A(%(g# 754
" % 5' "(7# AHT" A#B5#%7" | A5B5%(7( A#THE | AS B'(;, 7)4
%0%0)# "(%75 AHT"%| A "B5#7)| A% B5%#7(5 AHTHA "(B'C5:'7"
% %44 "HT) AHT'A | AHB("75% A% B#()7" A#THE|  A4B%)'744
4 %' 5 67" AHT") A (4B5("7) | A%4B )57 AHTHE B 47#)
: %)"% "HT A#T'S | A™BS)#T | A%)B "T# AHTHE ABB4)57 )
) 9%5(( " %75 AHT A B(57# |A4B"7%# | A)B#575 | CA('B"%7
5 a# "0 7H# A#7" | A BB(5(7)) |A4"B(#%7) AHTH BI%(7"#
# 44 "0647" A#T A%'B%5"7%4  A4%B" 745 AHTHE % BINT 4

80



