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SUMMARY

The evaluation of the water treatment plants designed with new tech-
nological criteria in the cities of Cochabamba (Bolivia), Linhares, and
Prudentopolis (Brazil) and Cuenca (Ecuador) was carried out with the collabe
ration of the agencies responsible for the operation and maintenance of the
local water supply systems: SEMAPA (Servicio de Agua Potable, Alcantarillado
y Desaglles Pluviales), FSESP (Fundaglo Servigos de Safide PGblica), SANEPAR
(Companhia de Saneamento do Parand), and ETAPA (Empresa P@iblica Municipal de
Teléfonos, Agua Potable y Alcantarillado),

Preliminary activities involving the acquisition and installation of
equipment, preparation, and adaptation of the treatment plants were completed
in 1975. In 1976, basic information was gathered to fulfill the data require-
ments for the system of matrices being developed to help select the appro-
priate ‘technology for water treatment projects in developing countries as
requested by the University of Oklahoma. This includes data regarding demo-
graphy, technology, socio-economic conditions, process characterization, and
operational and construction costs, which are given in Appendices A, B, C, E,
and F of thes respective research chapters.

The technical evaluation of the plants was done by conducting special
tests during the normal plant operations to determine flow characteristics
and the response of the reactors to variations of flow. In addition, labora-
tory tests were conducted to establish theoretical parameters for comparison
purposes.

The results of this research can be summarized as follow:

1. New technological criteria for water treatment plant design can be
used successfully to produce very simple easy-to-operate treatment
plants with a high level of technical performance that can be built at a very
low cost, usually 30% to 40% that of conventional type solutions.

2. Treatment plants capable of good technical performance can be designed
without sophisticated equipment and materials, using solutions compa-
tible with the socio-economic realities and the degree cf industrial develop-
ment in the couniries, : ' ' ‘

3. "Low-cost" technology does not imply tne adoption or solutions that
mean poorer water quality, - R

4, The use of new technological criteria implies high loadings, smaller
areas of construction, and modification of the basic working criteria
of the units, all of which facilitate the construction and operation and bring
the cost of water treatment plants down to values between US$ 800 and USS .
1 200 per liter/second, This represents a savings of 60 or 70% compared with
the cost of conventional treatment plants, ' -
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5. The use of simple sdturation or suspension feeders in water treatment
plants is suitable, because of their low cost and.technical efficicney,
There are limitations to their use in very small plants serving populations
of less than 1 000 inhabitants, .

6. The use of hydraulic flow rapid mixing units is suitable because of

their low cost and high technical efficiency, The rapid mixing pro-

cess is influenced by the characteristics of the reactor such as detention
time and velocity gradient, as well as water quality,’

7. Mechanical and hydraulic flocculation units are equally effective;
their efficiency depends on factors other than the source of power,
The flocculation process is influenced by the conditions of the reactor such
as detention time, velocity gradient and flow conditions, in addition to
water quality. The values of G, C and T can be optimized for each case.

8. High velocity gradients are required for-rapid mixing and flocculating
low turbidity water, while low gradients are needed for turbid waters,
when the detention time is Kept constant. This factor should be considered
when designing and selecting the units,

9. High-rate sedimentation can be used in water treatment plants with

efficiencies greater than 90% at a cost which is 30% lower than with
conventional: units. High-rate sedimentation is influenced mainly by water
quality characteristics such as suspended solids and temperature, by the pre-
vious mixing and flocculation processes, and by the characteristics of the
reactor such as the type and shape of the module, longth of time in operation,
and flow conditions, and by the inlet and outlet structures, It is possible
to optimize the geometry of the reactor to produce optimum solutions. :

10. Good technical performance can be obtained with high-rate filtration

using multi-media beds and declining filtration rates. This process

can be controlled hydraulically with an effluent weir. Three typical stages
of filtration are observed.

11. Any one filter may be properly washed with the flow of the other units.
This process can be used with a minimum of four filters, providing a

good washing process in terms of the existing hydraulic conditions as well-as
the wash velocities. Each time a unit is washed the water quality decreases
by 0.10 JTU. The washing process is characterized by three distinct stages.

12, Contact units with deep-bed upflow filtration have a high performance
rate of 99.7% with water containing less than 50 units of turbidity
and/or color, With color and turbidity between 50 and 100 units, the effi-
ciencies are greater than 96%. Contact units are more economical than any
other conventional system when treating this type of water,

13, By optimizing the mixing and flocculation processes, greater =fficiency
and lower operating costs can be obtained. These ccstcs range between
US$ 3,91 and US$ 16,29 per 1 000 m3,



1. PRC=CT CESCRIPTION

1.1 BACKGROUND

A large number of water treatment plants in Latln American countries are
the product of tecrnical know-how and standards adopted by industrialized coun-
tries. Often these solutions are incompatible with the resources or the
industrial development of the country or region. Technological problems arise
which result in the wasting ‘o7 local resources, the reduction of local economic
poton*ial and the disruption of efficient public services. This situation has
been brought about by the importation of foreign technology, the technical and
commercial promotion of products and solutions from industrialized countries,
and the use of a "manual technique" based on pre-established standards in the
absence of local basic and applied research.

These factors have led to the selection of water treatment processes
without givi.z due consideration to the socio-economic conditions of the area
or to the existing level of industrial development. This problem has been
ecognized both at the national and international levels by professionals who
have abandoned the conventional canons in favor of solutlons that are compatible
with the characteristics of the area involved.

The University of Oklahoma, under the auspices of the U.S. Agency for
International Development (AID), has undertaken the development of a methodology
that would make it possible to select appropriate water treatment processes for
sites ranging from non-nucleated areas to medium-size cities in developing
countries,

The main objective of the studies being carried out by the University of
Oklahoma is to develop a system of matrices dealing with process characteristics
and in-country resources in order to select the optimal treatment methods for
the existing conditions. The processes will not necessarily be either high or
low technology, but rather will use a level of technology which is compatible
with the resources available in the country to build, operate and maintain them
properly.

Once the matrices have been developed, the second step is ta conduct a
global study of water treatment projects that are successful examples of this
concept, both from the point of view of technical efficiency and of their 'suit-
ability to the conditions in the areas in whigh they are located.

Because of the broad profe331onal experience of the Pan American Center
for Sanitary Engineering and Environmental Sciences (CEPIS) in this area, its
extensive knowledge of the current water treatment situation in the Region, as
well as the Center's work in promoting the use of advanced technology in projects
and solutions compatible with the socio-economic and technological characteris-
tics in the area, the Unlve“51ty of Oklahoma signed a contract with the Pan
American Health Organization (PAHO) for CEPIS to conduct a research study and
evaluation of lower cost water “treatment methods belng used in Latin America.
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RESEARCH OBJECTIVES

Identification of the new water treatment methods.

Identification of the projects in Latin America which use new technolo-
gical criteria in the design of water treatment plants. :

Selection of the most outstanding projects in thls area and definition of
their technical characteristics.

Identification of the demographic, socio-economic and technical develop-
ment characteristics required by the University of Oklahoma to apply the
system of matrices which is the basic objective of the study.

The principal objective of the research conducted by CEPIS will be the
evaluation of the technical, operational and economic efficiency of the
selected treatment projects.

GENERAL PROGRAM OF ACTIVITIES

The general program of activities and their sequence is described in
1-1. The program is divided into the following stages:

Preliminary activities including the signing of contracts, acqulqltlon
of laboratory equipment, modification and adaptatlon of the treatment
plants

Gatherlng of basic demographic, socio-economic and. technolcgical devel-
opment data.

Technical research to determine the ideal theoretical conditions by
laboratory and/or pilot plant tests, collection of normal ojerational
data in the plant regarding raw, settled and filtered water quality,
and the study of the characteristics of the reactors, flow conditions,
and response capacity with variations in loadings and water quality.

Economic evaluation including general construction, operating and main-
tenance costs, as well as economic data required to determine the fiscal
soundness of the community.

The detailed results of this research are presented in Chapters 3 through

6 of this report.
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2. DEVELOPMENT OF THE RESEARCH

2.1- IDENTIFICATION OF NEW DESIGN CRITERIA FOR WATER TREATMENT PROCESSES™
Water treatment processes can be divided into four groups:

Clarification processes
Disinfection processes
Chemical conditioning
Organoleptic conditioning

Figure 2-1 presents a schematic description of these processes.

It is in the first of these processes that the most technological ad-
vances have been made recently. Therefore, this research study is dedicated
exclusively to clarification processes.

There are three basic clarification processes: coagulation, floccula-
tion and particle removal. The first two are merely preparatory processes for
the third, which can be’'accomplished by sedimentation or filtration. More com-
monly, these two processes are used consecutively (figure 2-2).

2.1.1 Advances in coagulation and flocculation

Intense research has been carried out recently on the theory of water
coagulation. La Mer, O'Melia, Stumm, Black, Fair, Kaufman, Riddick, Langelier,
MacKrle, Hudson, Singley, Vrale, Jordan, Letterman, to mention only a few, have
publlshed studies in which they try to explain what happens when a coagulant
is added to water. .

Better knowledge of the technology of coagulation has led to the intro-
duction of some changes in the conventional processes:

A. By taking into account the speed of chemical reaction, considerable
savings have been obtained in the use of coagulants.

B. For the same reason, in-line blenders and diffusers were introduced.
" C. Turbine flocculators have been applied successfully.

D. Studies of the average residence time in the reactors served to further
emphasize the importance of compartmentalizing the flocculation tanks.

E. The efficiency of hydraulic mixing units has been proven.

F. The factors influencing the coagulation and chemical feedlng processes
have been quantified.

G. Velocity gradients and detention times have been optimized to obtain
the best coagulation conditions.

* Based on: PAHO/CEPIS. Teoria, Disefio y Control de los Procesos de Clarif1cac16n
'de; Agua. EH Technical Series 13, Lima, 1973 '
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2,1.2 Advances in sedimentation

The theory of sedimentation has been enriched by the studies of Rebhun
and Argaman, Wolf and Resnick, and others, who analyzed the distribution of
detention time in settling units, and by the work of Bond, Tesarik, Miller,
Ives and Brown, who investigated the behavior of sludge blanket clarifiers
and formulated equations to.describe them. - ~

The most significant change was brought about by putting into practice
the old theory of Hazen and Camp. This gave rise to tube settlers or inclined
cells, capable of working at rates four to six times greater than horizontal
settlers.

This solution, proposed by Hanzen and Culp, was based on earlier work
done by Thomas and Camp and developed in its theoretical aspects by Yao. It
has proven to be applicable in new treatment facilities as well as in expanding
existing plants, with notable cost reductions. :

Additionally, the characterization of flow in high-rate settling units
has been studied, especially by El Baroudi.

2.1.3 Advances in filtration

Few processes have been as intensely analyzed in recent years as this
one. Filtration mechanisms have been studied by an infinite number of authors,
including Camp, Stein, Fair, Stanley, MacKrle, Mintz, Smith, Ling, Hudson, . =
0'Melia, Gregory, etc. Work has been done on the formulation of a mathematical
model to describe the process. The equations of Ives, based initially on those
of Iwasaki, have been the object of careful verification and have become an
interesting analytical tool.

Although further clarifications are still needed, these studies have
provided a much broader knowledge of what happens inside a filter bed and have
made it possible to propose significant changes in existing practices.

A. Extensive work has been done on the use of high filtration rates, begin-
ning with Baylis in Chicago and Brown in Durham..Conley's publications on his

experiences with sand and anthracite in Hanford opened up a new field of study
to which many authors have contributed, including Robeck, Dostal, Culbreath,
Ives, Mohanka, and Rimer. This practice makes it possible to use filtration
rates three times greater than those used traditionally, thereby facilitating
. the expansion of existing filter systems at minimum cost by changing only the
filter beds, and reducing notably the capital investment required for new
plants.,

B. The studies of Cleasby and Hudson on methods of controlling rapid filters
has led to filter batteries without flow regulators which operate with
declining rates, thereby simplifying the construction of pipe galleries and
their operation and maintenance.

C. Greenleaf and others have demonstrated the feasibility of washing one
filter with the flow from ‘the other units in the battery, which introduces
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a new simplification and reduces costs even further.

D. Mintz and others demonstrated the advisability of 1nvert1ng the direc-
tion of the flow (upflow filtration).

E. Grlnplastch Spink, Hutchison, Sweeny and others demonstrated the effi-
ciency of using filtration as the only treatment process after rapid
mixing (contact units).

2.1.4 Simplification of treatment plants

When all of these modifications are combined in a single design, it is
possible to arrive at an extraordinarily simple and economical treatment plant.
Arboleda synthesizes and adapts this new technology to suggest designs without
pipes, with very few valves and using only equipment manufactured in-country,
without violating any of the basic principles of water technology. These pro-
jects are very easy to build and operate, essentlally all materials and labor
are available locally, they have high technical ‘efficiency and low costs, and.
‘are compatible with the industrial development and the existing conditions in
developing countries.

This new generation of treatme:t plants could help to solve the problems
mentioned in Chapter 1. The cost of building water treatment facilities wouil
be reduced by 50%, maintenance would be simplified, and the operation of the
plant would be better understood by those who run it.

In this way, the operation of treatment plants could be notably simpli-
fied as indicated in figure 2-3. The entire operation would be based on the
industrial development of the country and communications problems would be
alleviated.

2.2 IDENTIFICATION OF WATER TREATMENT PROJECTS THAT USE NEW TECHNOLOGY

Table 2-1 summarizes the main water treatment projects in various stages
of execution in the different countries of Latin America, with a description
of the treatment processes used and the state of each of the projects.

2.3 SELECTION OF PROJECTS TO BE EVALUATED
From among the projects listed in table 2-1, the following were selected:

1. The water treatment plant of the city of Cuenca, Ecuador - an expansion
project utilizing flocculation processes with optimization of velocity

gradients and detention times in baffled units with horizontal flow, high-rate
settling with parallel flat plates, dual-media filtration with sand and anthra-
cite with declining filtration rates. The city of Cuenca has 100 000 inhabi-
tants and is representative of average conditions exzisting in Latin America.
The plant is managed by the Empresa de Teléfonos, Agua Potable y Alcantarillado
(ETAPA).

2. The water treatment plant of Cochabamba, Bolivia - an expansion and modifi-
cation project utilizing hydraulic flocculators with adjustable asbestos-cement
plates, high-rate settlers with parallel flat plates, dual-media filters with
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Table 2-1

STATE OF DEVELOPMENT OF NEW WATER TREATMENT NETHODS IN LATIN AMERICA

Population State of
Cicy Couatry Plaat Plow . perved Methods uasd worka
(/) (tkrusands) development
{ A. Expsasion
Caracas Vesstwals ‘La Mariposs 1680 500 Short settling, mixzed media, In operation
polyalactrolites, coagulation since 1965
monitoriag
Rio da Janeiro Brasil Ouandu 12000 4000 Mixture improvemeats, short Under con-
* settling, mized media, atruction
declining rate
Barremsnss  Brasil BaTTamanss iso 0 Tube sattlers In operation
since 1971
Sso Paulo Brasil ABC 2000 1000 Miziag with multiple-orifice Under con-
grid, tuba sattlers, dual struction
wadia
Santiago Chile Las Vizcachas 9000 3000 Tubs settlers, dual media, Under con-
solution feadars struction
Santiago Chils Lo Castillo 200 70 Tube settlers, dual media, In operation
split flow since 1973
Cucuta Colombia El Portico 800 200 Dual media In project
Bogota Colombia Tibitoe 8000 2000 Dual madia, turbidicy Under con-
monitoring struction
Bogota Colombis El Bapo = o Contact unit In project
Hedellin Colombia La Ayura 2000 1000 Dual media, direct filtration In project
Medellin Colombia Villa Hermosa 1600 300 Declining rate In operation
Cali Colombia Rio Cali 1000 350 Compartamentalization of floc- In operation
culation chambers, dual media
Cali Colombia Rio Cauca 2500 850 Dual madia Under con-
struction
Cuenca Ecuador Cuenca 500 150 ?late settlers, dual media, In operation
declining rate aince 1975
F Vida 300 800 Tuba settlers, mixed media, In operation
Asuncion Araguay s Cus esulation l:mitcrina s
Curitiba Braeil Curitiha 2000 800 Compartamentalization of floec- Under con-
culation chambers, dual media, atruction
declining rate
Arequipa Peru Araquipa 1600 300 Dual media In project
Chiclayo Peru Chiclayo = — Tube settling, dual media Under con-
Atruction
Lima Peru La Atarjea 9000 3000 Declining rate, dual media, In operat ion
B, New Dasigns
Cadete Peru El Imperial 40 10 Plate settling, dual media, In operation
declining rate, mutual filter 1975
wvashing
Curitiba Brazil - 11,5 2000 Plate settling, dual media, Under con-
declining rate, mutual filter struct fon
washing
Prudentopolis Braril Prudentopolis 20 5 Plate settling, dual medis, In operation
declining rate, mutual filter 1975
washing
Cochabamba Bolivia Cala-Cala 230 100 Plate settling, dual media, In operat fon
declining rate, mutual filter 1975
washing
Botucatu Brazil Botucatu 300 100 Tube settlers Under con-
struction
sso Paulo Braxil Guarau 33000 6000 Dual media Under con-
struction
Cali Colonbia Pusrto Malla- 4000 1000 Dual media, declining rate In project
rino
Guarico Venezusla -— 6 1 Small angle tube settler In operation
since 1972
C. Upflow Filters
Colatina Brasil Colatina 30 10 Contact coagulation, declining In operation
rate since 1970
Linhares Brazil Linhares 10 6 Contact coagulation, declining In op.ration
rate since 1972
Ponta Grosa Brasil — -— - -_— =
Caracas Venasusla Exparimental == = — In operation

plant




- 13 -

declining rates and backwashing system using the flow from the other units.
Cochabamba is an average size city and representative of prevailing conditions -
ir. Latin America. The plant is managed by the Servicio de Agua Potable, Alcan-
tarrillado y Desagttes Pluviales (SEMAPA).

3. The water treatment plant of Linhares, Espirito Sanvo, Brazil - an expan-
sion project utilizing direct filtratign in upflow filters. Linhares is
a small city. The plant is run by the Fundagao Servigos de Satide PGiblica (FSESP)

4. The water treatment plant of Prudentopolis, Parana, Brazil - a new and
very advanced design utilizing mechanical flocculation, sedimentation
with a sledge blanket unit and high-rate settlers with paraliel flat plates,
lual-media sand and anthracite filters, declining filtration rates and backwash-
ing system using the flow from other units. Prudentopolis is a small rural town
in southern Brazil. The plant is run by the Companhia de Saneamento do Parani
(SANEPAR).

2.4 COLLECTION AND ANALYSIS OF DATA

CEPIS sub-contracted the execution of the research to the agencies in
charge of each plant as indicated in table 2-2. CEPIS technical staff super-
vised and collaborated on at least two occasions in the execution of the research
at each site. The research was conducted according to the schedule of activities
shown in figure 2-4. Data analysis and the preparation of the final report was
done at CEPIS.

2.5 LIMITATIONS

The main limitation was the raw water quality, since at all four project
sites the water was relatively clear, with low turbidity, color and alkalinity.
Unfortunately, during the research period there were no heavy rains to produce
substantial changes in water quality. :

The conclusions are based on the operational data from the plants and
on the results of laboratory and pilot plant studies. The observed phenomena
are defined, not for the purpose of establishing ranges of use and application,
but solely for the purpose of evaluating the water treatment processes used
and determining the characteristics and influences of the main parameters. The
results can be used as a guide to orient design work but should not be used
as specific design ceriteria.

; Although the water quality, as well as the unit cost of the coagulants
and - salaries are similar in all four projects, the values corresponding to

operatlng costs showed a great disparity. The average value was US$ 10.64 per

1 000 m® with a standard error of US$ 3.86. Since the standard error is greater

than the lowest of the observed values, these resuits are questionable.



Table 2-2

DETAILS OF RESEARCH STUDIES

RESEARCH

STUDIES

Prgg?ct Name Re:;:ﬁ:;ble Normal operétions (hourly data required)
General | Raw water c:zz:zzl Settled water Filtered water Special tests
1 Water Treatment Plant SEMAPA Date Turbidity | Alum Overflow rate | Turbidity Adaptation of the plant
Cochabamba, Bolivia Hour Color Lime Turbidity Color Determination of optimum coagula-
Flow pH Chlorine | Color Residual alum tion conditions (laboratory)
Alkalinity pH Filtration rate Tracer tests in rapid mixing, floc—~
Alkalinity Water level culation and settling units
Residual alum | Loss of head Parameters influencing settling
Length of filter run| units
Backwashing time Parameters influencing filtration
processes
2 Water Treatment Plant FSESP Date Turbidity | Alum Turbidity Determination of optimum coagu-
Linhares, Brazil Hour Color Lime Color lant dosage (laboratory)
Flow pH Chlorine Residual alum Filtration and filter washing
Alkalinity Filtration rate characteristics
Water level
Loss of head
Length of filter run
Backwashing time
3 Water Treatment Plant SANEPAR Date Turbidity | Alum Overflow rate | Turbidity Operator training
Prudentopolis, Brazil Hour Color Lime Turbidity Color Determination of optimum coagula-
Flow pH Chlorine | Color Residual alum tion conditions (laboratory)
Alkalinity pH Filtration rate Tracer tests in flocculation and
Alkalinity Water level sedimentation units
Residual alum | Loss of head Parameters influencing sedimentation
Length of filter run|Filtration and backwashing charac-
Backwashing time teristics
4 Water Treatment Plant ETAPA Date Turbidity | Alum Overflow rate Turbidity Adaptation of the plant
Cuenca, Ecuador Hour Color Lime Turbidity Color Determination of optimum coagula~
Flow pH Chlorine | Color Residual alum tion conditions (laboratory)
Alkalinity pH Filtration ~ate Tracer tests in settling units
Alkalinity Water level Parameters influencing sedimentation
Residual alum Loss of head Comparative study of settler
Length of filter run efficiency
Backwashing time Comparative study of constant-rate
and declining rate filters

—ht-
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Figure 2-4
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3. EVALUATIGN OF THE CALA-CALA WATER TREATMENT PLANT IN COCHABAMBA,
BOLIVIA (RESEARCH PROJECT No. 1)

3.1 INTRODUCTION

CEPIS agreed to collaborate with the University of Oklahoma in the .
execution of a rescarch project for the purpose of optimiring the criteria
for selecting processses and techniques for water treatment, not only from
the point of view of the characteristics and quality of the water itself,
but also as a function of socic-economic factors, technical and industrial
development of the comuunity, and at the same time evaluate the efficiency
of the new technologies utilized in the design and operation of the water

treatment plants.

The Cala-Cala water treatment plant in the city of Cochabamba, operated”
by the Servicio de Agua Potable, Alcantariliado y Desagiies Pluviales (SEMAPA),
was selected as one of the research sites because of the relatively new tech-
nology used in designing the plant, especially in the sedimentation and filtra-
tion processes, the characteristics of the city of Cochabamba, which is of
medium size .and is representative of the socio~economic and technical conditions
prevalent in Latin America; and because the construction of the plant was com-
pleted and its performance could be easily evaluated by making only minor modi-’

fications.

An agreement was signed with SEMAPA to conduct a research program includ-
ing the following components:

~ Study of the general demographic and socit-economic conditions of
the city.

~ Overall technical evaluation of the plant and of each of the unit
processes used. .

- Economlc study of the capital investments and the maintenance and
operating costs of the plant. . »

GENERAL INFORMATION ABOUT THE CITY

The city of Cochabamba is located in the center of the Republic of
Bolivia. Its geographical position is:. €6°910' longitude west and 17°83'
latitude south ( figure 3-1). The averago annual temperature is 18°C; the
maximum recorded temperature was 33.5°C and the minimum was 3°C.

The average: relative humidity is 55% durlng the rainy season and
40% in the dry season. The average altitude is 2 550 nieters above sea level.
The average annual precipitation is around 480 mm. This precipitation occurs
mostly between November and March of each vear. - .
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The city of Cochabamba covers an area of approximately 3 000 hectares
and its population in 1972 was about 155 000 inhabitants.
Because of its favorable cllmate and location, the city has grown
rapldly. In 1945 its population was 78 000 1nhab1tanfs, its current popula-

tion is double that amount.

Studies indicate the following demographic growth:

- Table 3-1

POPULATION GROWTH FOR THE CITY OF COCHABAMBA

Year ~ Population
1972 155 000
1982 205 Qo0
1992 256 000 .

3.3 GENERAL DESCRIPTION OF THE WATER SUPPLY SYSTEM

The constvuctlon, operation and maintenance of the city water supply
system facilities is the responsibility of SEMAPA. .

The water supply system consists of the following:

3.3.1 Collection works

The principal source of water supply for the city of Cochabamba is surface
water from the Chapisirca, Chusequari and Saytockocha Reservoirs. The city pur-
chases 600 000 cubic meters per year from the owners of the Saytockocha Reser-
voir. The total area of the Chapisirca and Chusequari Reservoirs is 6.42 km?
and their storage capacity is 1 920 000 m3. The capacity of this system is

160 1/s.

Ground water from the semi-artesian wells cf Arocagua and from the Chun-
gara filtration galleries is also used.

The main characteristics of these waters which were used in designing
the treatment plants are given in tables 3-2 and 3-3.
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Table 3-2

CHARACTERISTICS OF SURFACE WATERS

Characteristics - — Value : Unit
Minimum Maxamum :

Temperature 8 20 °C
Color 5 20 Cu
Turbidity 2 650 JTU
pH 6.7 9.1 p.p.m.
Alkalinity o 10 25 pP.p.m.
Hardness 12.5° 139 p.p.m.
Total iron 0 4 0,3 p.p.m.
Total solids 60 260 pP.p.m.

Source: Memoria Técnica. Planta de Tratamiento de Agua Potable Cala-
Cala. 1Ing. Severo Vega, 1972

3.3.2 Transmission works

A. Canal - Chapisirca Rapids
The water is transported from the dams to the edge of the mountain
range through an unlined canal of irregular sections, which is 15.3 km long
and has a 6 %e grade.

From the edge of the mountains to the valley of Cochabamba it falls
1 300 m for a distance of 6.5 km, through a rapids that follows the course
of a natural gorge.

B. Tolapujru Intake - Treatment Plant
At a place called Tolapujru the water is diverted to the grit chambers:
from these units it is transported to the treatment plant through two pipe-
lines:

1) An old pipeline that for the first two kilometers is made of 10 1nch

steel pipe with a relatively steep grade; the remalnlng 10
kilometers is made up.of ccncrete conduits 18 inches in diameter with
a slope of 2%; it has a capacity of 130 1/s.

2) A new concrete conduit, 24 inches in diameter, for the entire distance
with a 2% gradient.

3.3.,3 Treatment plant

The Cala-Cala Treatment Plant has a de31gn flow of 235 l/s and is made
up of the following units:
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A. Intake conduit
The intake conduit is 75 meters long with a gradient of 1. 15%oand a

diameter of 24".

'B. Mixing and measurement system
A 0.30 meter (1 foot) Parshall flume has been constructed in the
canal followed by a hydraulic jump (the nominal head is 0.49 meters) and a
water velocity of more than 3.0 m/s, producing a critical regimen. This
hydraulic jump is used to obtain efficient coagulant dispersion in the mass
of water.

The Parshall flume is used both for efficient mixing and for measur-
ing the incoming flow. The application limits of the 30 cm Parshall meter,
with free flow, measure aminimum flow of 3.11 liters per second and a
maximum of 455.6 liters per second.

The coagulant is injected at the critical flow point of the flume.

C. Coagulation
Aluminum sulfate is used as the coagulant and lime to adjust the

alkalinity.

Aluminum sulfate and lime are added using saturated solution feeders
and suspension feeders.respectively. Rapid mixing is done in the Parshall
flume. ’ ‘

D. Flocculation
This process takes place in a hydraulic flocculator with horizontal
flow. Adjustable baffles are used tc modify the width of the channel,
velocities and veloc1ty gradients. There are 3 sections with decreasing
ve1001t1es of 0.28, 0.22 and 0.18 m/s, and velocity gradients of 100, 68
and 51 s- , and a total detention time of 20 min.

E. Sedimentation _ .
Three high-rate settling units are used. Asbestos-cement plates
(0.01 x 1.20 x 2.40 m) are supported in slots in the concrete wall. They
are set at an angle of 60° with 5.25 cm between plates.

The inlet is a perforated baffle through which the water passes at a. '
velocity of 0.10 m/s. The outlet systemconsists of periphleral troughs
located throughout the settling area. The high-rate unit, with a relative
length of 19.18, has aoverflow rate of 120 m3/m2/day and a Reynolds number
of 74.

F. Filters
Six dual media sand and anthracite filters with decllnlng rate and a
common flow-control weir are used. Each unit has an area of 11.22 m?
(2.55 x 4.40 m) with a maximum filter rate of 300_m3/m2/day



Table 3-3

WATER QUALITY

SUMMARY OF BACTERIOLOGICAL AND PHYSICAL-CHEMICAL ANALYSES
Samples BACT. ANALYSIS |tyrbidity (Optimum Lange-
W°| Date Colonies MPN Sample Aluminum . :
Taken per m1 |Coli per |Jackson I d pH 1:;:: Color | Odor | Total | Dissolved [CaCO3 [ COj3 | HCO3 |cacos] ca Mg [Na SO4| C1 INO3 Fe {Md Lab | Remarks
at 35°C| 100 m1 units

CALA-CALA SYSTEM

1{30/ /47 - - 5 - 7.4 -1.7 20 - 20 80 - 44 20 37 12.7|7.71 0 - 1 1 0.1}~ | LCC
2§25/ 9/u9 - - 15 - 6.7 -2.2 15 - 60 50 - 25 50 13.0(5.2]| - 5 1 0.3 0.3]- 1 LCC
3119/11/51 - - 180 - 6.9 - 10 - 100 80 - - 12 40 13.0{4.2} ~ 6 1 0.04 0.2}~ | LCC
4121/ 3/52 - - S - 7.3 -0.20 15 - 70 56 - - 12 L4y 12.0}3.5| -~ 2 2 0.05 0.1}~ | LCS
5|21/ 3/52] - - 5 10 9.1 +0.3 S - 100 80 - - 10 139 50.0}3.5} ~ 5 2] 0.02 6.1]- | Lce(1)
6| 3/ u/52 - - 35 - 7.3 ~-1.4 10 - 30 72 - - 25 74 22.0|4.3] - 2 - 0.02 0.2}~ JLCC

7;: 3/ 84/52| - - - 18 9.2 +0.2 - - 60 L8 - 20 - 37 12.0}1.7| ~ 3 - - - |- jLce(2)
8{12/12/66 |3 200 9.1 - - 7.1 | -2.1 - - 133 a0 - - 18 42 1.0f{3.5} - 24 - INSo(3
9112/12/66 |3 500 23.0 - - 7.5 -1.6 - - 38 32 - - 16 81 5.6/12.5] - 9 2 - INSO
AROGAGUA SYSTEM
1010/ 8/63 - - 30 - 6.0 -3.1 30 - 150 - - - 15 6 19.014.2{ - 35 100 - 0.1}~ JLCC
11j12/12/66| 300 3.0 <5 - 8.1 -0.6 - - i03 70 - - Ly 83 15.0{11.0f - 16 2 - - | INSO
12127/12/66| -~ - <5 - 7.3 | -1.9 - - 65 45 - 0 22 61 9.0/9.0} - 16 3 - - JINSO
Laboratory where analysis was done: I.N.S.0. (Instituto de Salud Ocupacional, La Paz) - L.C.C. (Laboratorio Central Cochabamba).
Note
(17 With purification and calcination (3) Raw
(2) With purification and calcination (4) Network
Source: Sistema de Abastecimiento Piblico de Agua Potable de Cochabamba. Planta de Agua Pctable. Memorias del Proyecto. March 1972

-zz_
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~ The media characteristics are:

Sand
Pe = 0.50
Cu = 1.65
Anthracite
ge = 1.00
Cu = 1.10

Supporting gravel bed
g =1/8" to 2"

The underdrainage system consists of a prefabricated false bottom in
the form of an inverted "V" with @ 1/2" orifices every 12.5 cm. The filters
are hackwashed using the flow from other units; the backwash rate is
600 1/min/m2.

G. Disinfection

~ Chlorine gas is applied using Wallace and Tiernan equipment with a
maximum capacity of 100 lb/day. Lime is used to correct the pH, in a dosage
of 10 mg/1l. '

Figures 3-3 to 3-6 show the main characteristics of the treatment
plant.

3.3.4 Storage

The water from the filters enters two clear water tanks. Each one
has a capacity of 2 500 m3. In the valve chamber there are two outlet pipe-
lines and two drainage pipes, plus two 1lu-inch overflow conduits with their
respective valves. The flow meter and the two chlorinators are out of use.

3.3.5 Distribution system

The system which serves the oldest zone of the city was installed
between 1929 and 193C with an approximate length of 30 km. The present
system has a total of approximately.78.5 km. According to the aforementioned
reports, 55.3% of the pipelines larger than 8 inches and 36.5 of those less
than 7 inches are in poor condition.

3.4 RESEARCH STUDIES

Research was carried out on the following aspects: determination of the
general characteristics of the city, technical evaluation of the treatment '
plant and economic evaluation of plant construction, operation and mainte~
nance costs. ' ' .
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3.4.1 General characteristics of the city

Tn order to fulfill the principal research objective of the University
of Oklchoma, information on the following topics was gathered using a survey
questicnnaire: : :

A. Identification of the city and institution responsible for water
supply services;

B. Technological and demographic data;
C. Basic socio-economic data.
The results are included in Appendices 3-A and 3-B.

3.4.2 Technical evaluation

The immediate objective of this research was to study the efficiency
of the Cala-Cala treatment plant under actual operating conditions and
determine the factors that influence its performance and the operatior and
maintenance problems derived from typical local conditions. In particular,
the response of the plant to variations in flcw and water quality were
studied.

A. Raw water quality
During the period under study, which corresponded to the dry season,
the raw water quality was satisfactory. Raw water turbidity during the
period between March and November varied from a minimum of 4 JTU to a
maximum of 100 JTU, with an average value of 9.04 JTU. During 8u4% of the
time the turbidity was less than 13 JTU; 95% of the time it was less than
19 JTU.

Raw water color during the period under study ranged from a minimum
of 0 to a maximum of 50 CU, with an average value of 11.4 CU. During 84% o:
the time the color values were less than 15 CU; 95%. of the time they were
below 19 CU.

The pH varied from a minimum of 6.0 to a maximum of 8.9, with an
average of 7.23.

The water generally had very low alkalinity, with a minimum of 8 mg/.
and a maximum of 28 mg/l, and an average of 14.17 mg/l. During 8u4% of the
time the alkalinity was less than 17 mg/l and 95% of the time it was below
.20 mg/1.

These values were obtained from hourly samples during the period
between March and November.

B. Process data
Data required by the University of Oklahoma regarding the technical
characteristics of the processes used in the water treatment plant are
included in Appendices 3-C and 3-E.
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C. General plant.performance

Although advanced technological criteria were used in the design of
the settling units and the filters, as well as in the overall conception of
the plant, the design incorporated many factors, forms and dimensions of the
existing conventional rapid filtration plant. The result is an extremely
simple sol::ion as far as the overall conception is concerned, as well as
for operat. on and maintenance with a technical performance superior to that
normally obtained in Latin America. Mechanized equipment and imported
materials and appurtenances have been completely eliminated. The water
itself is difficult to treat, because the precipitates must be formed by
means of sweep floc which requires high dosages of coagulants and generally
the addition of alkalinity in order to adjust the pH and/or the addition of
a flocculant aid. During the period under study additional problems were
encountered due to hourly flow variations which reached a maximum of 260%
with normal values of 50%, caused by the constant variations in the amount
of flow diverted from the canal for irrigation purposes. These flow varia-
tions made the chemical feeding and normal operation of the plant more
difficult. '

Treated water quality, as far as the physical and chemical parameters
are concerned, was within the desirable limits recommended by the World Health
Organization in "International Drinking Water Standards." On the other hand,
the bacteriological standards were not met because the water was not disinfected.

The tﬁrbidity of the effluent water ranged between 0.13 JTU and 2.5 JTU,~
with an average value of 0.59 JTU. During 84% of the time the turbidity was
less than 0.79 JTU; 95% of the time it was less than 1 JTU.

The efficiency of the plant was greater as far as color is concerned,
producing effluents with a total absence of color during $5% of the time. The
maximum color value was 5 units. The magnitude of this phenomenon may have
been influenced by the accuracy of the equipment used for the determination
of color,. which had a sensitivity of 5 CU. The pH of the water ranged from
a minimum of 6.0 to a maximum of 7.9 with an average value of 7.02. The use.
of lime alone was not sufficient to stabilize the water which normally showed
corrosive conditions since the alkalinity values were only between 2 and 16
mg/l with an average of 10.67 mg/l.

Figures 3-7 and 3-8 show the turbidity and color of the raw water and
treated water during a period in which there were appreciable variations
~ in water quality.

Since it had been determined during preliminary start-up and operation-
al tests that the efficiency of the treatment depended on the water quality,
random data was taken as representative of plant efficiency. For raw water
with 4 to 5 JTU, the average turbidity of the treated water was 0.34 JTU,
and for raw water with 60 to 100 JTU, the treated water had a maximum turbidity
of 1 JTU. Table 3-4 indicates the treatment efficiency for different turbidity
ranges and figure 3-9 shows the correlation between the raw water and.treated
water turbidities.

The analysis of the results of the study leads to the general-conclu-'
sion that advanced technology can be applied successfully to simple projects,
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producing a highly efficient plant which is easy to operate and compatible
with the existing socio-economic conditions and to the state of development
of the country.

Table 3-4

CORRELATION BETWEEN RAW WATER AND TREATED WATER TURBIDITIES

NO of Turbidity (JTU) Standard
samples Raw Water . Treated water deviation (JTU)
Average
10 b - 5 0.34 0.09
60 5- 6 0.53 0.12
80 6 - 7 0.54 0.13
90 7- 8 0.56 0.14
60 8~ 9 0.60 0.14
30 9 - 10 0.61 0.16
20 10 - 11 0.63 0.16
10 11 - 12 0.64 0.15
10 12 - 13 0.70 0.17
10 A3 - 14 ‘ 0.73 0.17
8 iy - 18 ' 0.74 0.17
6 15 - 20 ' 0.76 0.12
5 20 - 30 0.78 .16
5 30 - 60 0.83 }.16
1 60 - 100 1.00 -

D. Chemical feeding
To form a satisfactory precipitate and obtaln a sweep floc for
turbldlty and color removal (100 JTU and 50 CU) relatively high dosages of
coagulant (aluminum sulfate, 15 mg/l) are required, plus the use of pH
adjusting compounds to correct the low alkalinity (average 14.17 mg/l).
In this case lime is used for economic reasons (although from a technical
point of view sodium carbonate or some other base would be preferible).

Table 3-5 shows the results of 680 jar tests, from which it was -
found that the dosage varies between 8.8 mg/l for low turbidities and 13.9
mg/l for medium turbidities. Figure 3-10 shows the correlation between
the coagulant dosage and raw water turbidity; the linear regre331on equation -
is y=3.34 + 0.57x with a ‘goodness of fit of r? = 0. 90, where x is the raw
water turbidity and y is the coagulant dosage. This criterion is useful
only for turbidities between 7.5 and 100 JTU.

When the flow is low, small amounts of alum had to be added and
problems were encountered in obtaining the correct dosage when using satu-
rated solutions; therefore, solutions with concentrations up to 5% were used.

Another problem was the variation of the concéntration of the lime
suspension in relation to the time elapsed between its preparatlon and- use,’
due to a slow carbonation process when the suspension is in contact with the

air.
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Table 3-5

CORRELATION OF TURBIDITIES AND COAGULANT DOSAGES

No. of tests Turbidity Dosage of aluminum sulfate Remarks
(JTU) (mg/1) - ' :
120 5- 6 8.8
120 6 - 7 8.8
100 7- 8 8.10 %
100 8- 9 8.90 ®
90 9 - 10 9.35 *
70 10 - 11 _ 9.45 %
30 11 - 12 9.70 %
20 12 - 13 10.15 %
10 13 - 14 . 11.75 %*
10 14 - 15 12.50 o %
5 20 - 30 12,60
5 40 ~ 50 13.90

(%) Data considered in the linear regression equation

Since it was determined that large amounts of coagulant are necessary
to begin precipitation when there is low turbidity, smaller dosages are
required as the turbidity increases,.until a critical point is reached
beyond which there is, as indicated previously, a clear stoichiometric rela-
tion between water turbidity and the coagulant dosage applied; for turbidi-
ties between 7.5 and 160 JTU, as in the case under study, this is a straight
line. The apparent reason for this behavior would seem to be that when
there is low turbidity coagulation is produced by the precipitation of the
metal hydroxides resulting from the reaction of the coagulant with the alka-~
linity which drag down the colloidal particles. This process requires high
coagulant dosages. On the other hand, with greater turbidity, coagulation
is produced by the adsorption of the products of hydrolisis or polymers with
the turbidity particles and there is a clear correlation between the surface
area of the colloidal particles and the amount of coagulant added to the
water.

Figure 3-11 shows ccuidparative data from other treatment plants.

E. Mixing unit
When the plant was operating normally it was found experimentally
that by modifying the turbulence or velocity gradients upstream of the
. metering and rapid mixing unit effluents of different quality were obtained.
with the same chemical dosages and the same water quality.

Although the problem was not analyzed completely, it was found that
low turbidities required higher velocity gradients and greater turbidities
needed lower velocity gradients, with a constant detention time. It was alsc
found that the performance of the plant could be modified by altering the’
velocity gradients above and below the rapid mixing unit; decreasing the
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velocity gradients, especially downstream, yield“bqttér;Waten“quality since
high velocity gradients (>4 000 s-1) have a negative influence, delaying
the appearance of the floc by more than 10 minutes.

Figure 3-12 shows the results of the tests conducted. It Shbuid'ﬁe
kept in mind that the number of analysis is insufficient to obtain definite
conclusions on the matter.

Figure 3-13 presents the results of evaluative ‘tests of the rqpi§ 5
mixing unit, which has 82% mixed flow and 18% pure piston flow. '

F. Flocculation unit ,
Without a doubt, the factor which has the greatest influence on the
efficiency of a water clarification plant of the type existing in Cocha-
bamba is the flocculation process. This process.defines the characteristics.
of the floc which are then used to establish the parameters and loads for
the settling units and filters. .

1) Determination of the optimum flocculation conditions

Considering the velocity gradient, detention time, water quality,
and hydraulic conditions as the main intrinsic factors influencing
the efficiency of the flocculators, a series of jar tests were. .
conducted to determine the optimum values of the velocity gradients
and detention times, as well as the appropriate sequence of velocity
gradients keeping the raw water characteristics constant. With
constant velocity gradients throughout the tests, the most efficient
pemoval was obtained with lower velocity gradients. Shorter deten-
tion times were obtained with higher gradients: 20 minutes for
velocity gradients of 35 s~1 and 25 minutes for gradients of 20 s-1.
The performance curves for these parameters are parabolic (curves a
and b of figure 3-14). Greater efficiencies were obtained when

the jar tests were carried out with variable velocity gradients.
This phenomenon is represented by curves c and d of the same figure
which correspond to the true velocity gradient variation in the
flocculator under study and the ideal limit curve. '

There was a disparity between the results of the jar tests and the
normal performance of the plant, since higher efficiencies were ‘
obtained when the plant was operating.with slightly higher velocity
gradients. When lower gradients were used larger floc was formed -
but it was weaker and broke down during filtration. On the other
hand, greater velocity gradients yielded smaller and more compact
floc which was better able to resist the high velocity gradients
produced in the filters. This gave better quality water but reducec
the filter runs. The ideal velocity gradient or sequence of gra-
dients which would produce the highest plant efficiency by achiev-
ing an equilibrium in the functioning of the filters to produce a
filter effluent of acceptable quality while at the same time using
all the available head loss and producing the minimum possible '
filter flow were not determined.
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2) Hydraulic characteristics

As indicated in section 3.3, the flocculator is hydraulic with
horizontal flow. Adjustable vertical baffles made of asbestos-
cement are used to modify the velocity gradients in the three
flocculator compartments by varying the width of the channels.
Besides the gathering of normal operational and start-up data,
different tests were carried out both in the laboratory (jar
tests) and in the treatment plant itself to determine the optimum
flocculation conditions and obtain the highest possible plant
efficiency and performance. The hydraulic.conditions of the floc-
culator were evaluvated by instantaneous tracer tests using the
formulas of Wolf and Resnick to define the different kinds of -
flow values. These tests indicated a high level of hydraulic
efficiency for the flocculation units. The results of the tests
are given in table 3-6. :

Table 3-6

RESULTS OF TRACER TESTS IN THE FLOCCULATION UNIT

. Test No. Piston flow Mixed flow Dead space
1 80 20 6
2 80 20 6
3 75 25 4
4 95 5 5
Average ) 82.5 17.5 5.25

It should be pointed out that the results varied depending on the
- sequence followed in carrying out the test. Although the differ-
ence is small with flocculators of this tvpe, in the case of con-
ventional settling units it could be much greater. Therefore, it.
is recommended that small amounts of the tracer be added continually
for at least an hour before the test to obtain the most accurate
results possible.

In general, no operational problems were encountered in the floc-
culator during the test period. This type of flocculator has both
its advantages and disadvantages.. : :

Among the points in its favor are the production of pure plston
flow, the absence of short circuiting, the lack of moving parts,

and the elimination of manual operations and outside. energy require-
ment. The detention time and velocity gradients can be modlfled,
giving it a certain flexibility.
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One of its disadvantages 1s the rigid hydraulic conditions. Al-
though the space between the asbestos-cement baffles can be changed
to adjust velocities and velocity gradients, a considerable amount
of effort is required to do so. Additionally, since the efficiency
of the flocculation process depends on the number of units, the
only way to increase the efficiency is to build mor-e units, which
' requires a much lavper capital investment.

Based on the results obtained in the jar tests, a combination of
high velocity gradients and short detention times should be used
when flocculation begins and lower velocity gradients with longer
detention times (as the process continues). In other words, al-
though the efficiency of the flocculator is improved by dividing
it into three compartments each with 1/3 of the total detention
time, the optimum flocculation conditions have still not been met.

Since the performance of the settling units and filters depends

on the characteristics of the floc which in turn depend on the
flocculation conditions, the optimum flocculation conditions should
be established jointly with the selection of desigm parameters or
overflow rates for sedimentation and filtration when designing a
water clarification plant. The correlations between water quality,
coagulant dosage, combinations of velocity gradients and optimum
detention times should be established initially in order to
optimize the efficiency of each process. This type of hydraulic
flocculating unit with horizontal flow appears to be recommendable
when there are no large fluctuations in water quality which would
require a wide range of velocity gradients.

G. Settling units
Taking into consideration the inestability of the flow in the settling
units and the fac: that its efficiency and behavior depend on.many factors,
an attempt was made to determine the influence of the following parameters of
settler performance: raw water quality, overflow rate, and water temperature.

In addition, a comparison of theoretical efficiency (jar tests) and
the actual efficiency of the settling units was made and the hydraulic con-
ditions were determined.

1) Influence of raw water quality oun the efficiency of the settling
units

Since the ability of a settler to remove turbidity depends on the
weight of the particles suspended in the water, greater efficiency
is obtained with higher raw water turbidities. Thus, with raw
water turbidities that vary between 30 and 40 JTU, the settler
efficiency was 95% and with turbidities ranging from 5 to 10 JTU,
the removal efficiency was 86%.

Table 3-7 gives the performance of the high-rate settling units
during the test period. A clear correlation can be observed which
is defined by equations of the type x/y = a+b x,y. For the case
under study, a = 1.37 and b = 1.02, with x = raw water turbidity.
and y = % turbidity removal (% performance).
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Table 3-7

COMPARISON OF INFLUENT AND SETTLED WATER TURBIDITIES

No Influent Turbidity Settled water turbidities.JTU

) JTU Minimum Average Maximum
20 4,00 - 4,99 0.5 1.0 1.8
" 20 5.00 - 5,99 0.5 1.13 2.0
70 6.00 - 6.99 0.6 "1.23 2.0
140 - 7.00 - 7.99 0.6 1.25 2.5
110 8.00 - 8.99 0.6 1.29 2.9
80 9.00 - 9.99 0.8 1.41 3.0
70 10 -10.99 0.8 1.46 3.0
50 11 -11.99 0.9 1.55 3.0
50 12 -12.99 0.9 1.58 3.4
30 13 -14,99 0.9 1.64 4,2
5 15 -20.00 1.0 2,12 4,5

A perfect fit is obtained since r? is equal to 1.00. The corres-
ponding curve is shown in figure 3-15. In figure 3-16 the effi-
ciency of the Cochabamba settling units is compared with results
obtained in sedimentation processes in other treatment plants.

The efficiency of this type of settling unit is shown to be superior

to that of conventional settlers.
2) Comparative study of actual and theoretical efficiency

The classic theory of the performance of an ideal settling tank is
based on the postulates of Hazen and Camp, which state that in

the ideal settling unit the flow is horizontal, direction and
velocity are the same in all parts of the tank, the concentration
of suspended particles of each size is the same at all points in a
vertical plane and particles settle without interference. In
practice, however, there are appreciable differences between the
theoretical and real values for various reasons (unequal distribu-
tion of incoming flow, production of kinetic and density currents).
Therefore, the principal parameters, especially the "settling
velocity" (overflow rate) and '"performance", are determined by
laboratory tests or by using pilot units.

For the case under study, to establish an order of comparison of
the actual efficiency of the sedimentation process, the jar test
containers were used. The results of 150 laboratory tests indicate
that for overflow rates of 10 m3/m2/day it is possible to obtain
92.5% performance (with Rt = [1 - (Co - C£)]+a/Vge) and for loads
of 120 m3/m2/day the theoretical performance is 66%.. Figure 3-17
and table 3-8 illustrate the results of these tests. It can be
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Table 3-8

THEORETICAL PERFORMANCE OF SETTLING UNITS (JAR TESTS)
INITIAL TURBIDITY No. = 7.81 ‘
NUMBER OF TESTS = 150
LENGTH OF SEDIMENTATION = 5 cm

a) Results of tects

. Settling velocit Final turbidity
Time - gvs Y . N NTAO
min em/s (JTU)
0 - 7.81 1.000
0.5 0.167 6.56 0.840
1 0.083 6..30 0.807
3 0.028 6.05 0.775
4 0.021 5.56 0.712
8 0.010 3.21 0.u411
12 0.007 2.03 0.260
16 0.005 1.26 0.161
b) Correlation between Overflow Rate and Performance
Overflow Rate | Critical settling Theoretical Performance
‘ g velocity concentration
m3/m?/day Vsc {cm/s) Co
10 0.011 0.425 0.925
25 0.029 0.750 0.75
50 - 0.057 0.805 0.701
75 0.086 0.815 0.687
100 0.114 0.830 0.670
120 0.132 0.840 0.660

seen that during 42% of the time the efficiency of the settling
unit was greater than that obtained in the jar tests. (Figure
3-18). This is an unusual situation since normally the jar
test results are theoretical values which are difficult to
achieve in practice.

In figure 3-19 the results obtained at the Cochabamba plant are
compared with results obtained by Hudson in different water treat-
ment plants in the United States. The performance of the Cocha-
bamba plant is superior to the average of the plants which are -
rated as efficient. ' ‘



- 48 -

95
()
90 |
5 - i
8 ]
\ N |
\ 1 \v { I !
Vo IN ]
| \ RS N !
- PN T |
80 T TN
> — s —
0 \ ' N i
Z | » ‘
© \i 5 | ; R Sl oy MAXIMUM ACTUAL
TR £ . 1 z 0 PERFORMANCE
W A |
w N |
N N
NG
N
” N S
Y B
AN i t | il |
N | l T~ THEORETICAL
I | PERFORMANCE
Y
65 e
.\\
‘ ‘\\~\r;\
| h ."\‘
.\h‘ .
<ITITT] MINIMUM ACTUAL
60 _ I~ PER.FORMANCE
0O 10 20 30 40 50 60 70 80 90 100 10 120

OVERFLOW RATES m3/m?/day

COMPARATIVE STUDY OF THEORETICAL AND ACTUAL
SETTLING EFFICIENCIES PERIOD OF LISTING: OCTOBER 1976

FIGURE

WATER SUPPLY SYSTEM - COCHABAMBA'

3-18




- 49 -

- LI ! l T T T T 11
O
S :
= .
>
; — -
’ PLANTS WITH
Z I UNSATISFACTORY 7
T TREATMENT
= - .
n
W
L
-J - -
=
o
Z
- -y /\P .
- COCHABAMBA
uJ
m f —
L
O
= PLANTS WITH
z L GOOD TREATMENT .
QO
ac
L - -
Qa ) .
[ l | | 11 1 1
06 08 10 2 3 4 6 10
SETTLING VELOCITY-cm/min
. FIGURE
AVERAGE SCETTLING EFFICIENCY \
; ' ‘ - 3-19
‘WATER SUPPLY SYSTEM - COCHABAMBA




3)

INFLUENCE

- 50 -

The influence of temperature

Water temperature is an important parameter in the sedimentation
process because of its influence on the viscosity of the water
and consequently on the determination of the flow conditions
(Reynolds number), on the drag coefficient (which in turn
influences the settling velocity) and on the performance of the
settling units.

Temperature also has an appreciable influence by modifying the
density of water masses, producing thermal density currents
which have a notable effect on settler performance.

When conducting the routine tests to determine the characteristics
of the raw and settled waters, a cyclical water quality tendency
was found - depending on the temperature of the water. Efficien-
cies as high as 91% were observed with low temperatures (4°C);

as the temperature rose, especially around noon when it reached
11°C, the settler efficiency dropped to 82%. Table 3-9 gives the
values obtained in 250 tests which show a clear linear correlation
between settler efficiency and water temperature (figure 3-20).

Table 3-9

OF WATER TEMPFRATURF. ON THE PERFORMANCE OF HIGH-RATE SETTLING UNITS
NUMBER OF TESTS: 250 '
RAW WATER TURBIDITY: 3-10 JTU
.WATER TEZMPERATURE: 4-11°C

Temperature range °C Settler unit efficiency
L - 5 0.91
5- 6 0.89
6 - 7 0.88
7 - 8 0.85
8 - 9 0.84
9 - 10 0.83
10 - 11 ' ©0.82

Efficiency = 1 - settled water turbidity

raw water turbidity
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4) Determination of the hydraulic characteristics of the settling units

In order to evaluate and define the hydraulic characteristics of
the settling units, tracer tests were carried out using the flow
evaluation criteria of Wolf and Resnick in their original form:

c - 1 ';F- - (1—m)]
E; = e Zl-pi (1-m) to P
-4 _ C
F(t) = 1 o

or expressed in its simplified form:

log [1 - F(t)j = ~ Tago [:t/to - Q]
when
Piston flow: P = 8_Tago ‘
' 0.435 + 6 Tago
Mixed flow: M =100 - p
Dead space: M=1-

S
P

Thé following average values were obtained in the six tests:

Piston flow = 28%
Mixed flow = 72%
Dead.spaces = UuU5%

Table 3-10-

FLOW CONDITIONS IN HIGH-RATE SETTLING UNITS - b6 TESTS

Value
Condition . .
Maximum Minimum Average
Piston flow 37 14 28
Mixed flow 86 63 72
Dead Spaces 73 19 45

Table 3-10 gives the vresults of the tests, which are somewhat
incompatible with the theoretical principles of high-rate settler
design which consider the existence of an absolutely laminar flow
with low Reynolds numbers. This leads to the deduction that the
general Wolf - Pesnick equation is not suitable for determining
the hydraulic conditions in high-rate settlers. On the other .
hand, the equations developed by Hassan M. El Baroudi, which are
given below, yielded better results:
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c _ G;(%) [t/to‘-Y]-e-('lla) [t/to-Y]
) B

Co -Q
where a = Mixed flow
B = Varied flow
v = Piston flow

m - 1-(o+B+y) = Dead spaces

The following average conditions were obtained

Piston flow = 37%
Mixed flow .= 5%
Dead spaces = 40%

These values are quite different from those obtained with the Wolf-
Resnick formula.

Conclusions

a) It is feasible zo use an accelerated sedimentation process in,
_ water treatment.plants and obtain high efficiency (above 90%),
".even higher than the theoretical performance determined by

laboratory tests.

b) The use of high-rate sedimentation with parallel plates makes
it possible to surpass the efficiency determined theoretically
by jar tests and others. This success seems to be due to a
phenomenon of self-interference, similar to that produced in
sludge blanket units. Based on data from other plants, it .is.
supposed that the performance of this type of settling units
improves with the period of operation.

¢) From the results of the special tests as well as the normal
operation of the high-rate settlers, the following can be
summarized:

The efficiency of high-rate settlers depends mainly on the
water quality, coagulation conditions, the overflow rates
or settling vaiocities used, &nd the water temperature.

It was not possible to establish a clear correlation between

the hydraulic conditions, gedmetrical forms and the efficiency
‘of the settling units. These factors have a clear influence on
the conception of the project and the cost of the settling units.

. When dealing with the sedimentation of agglomerable particles,

it is preferable to set the overflow rates of the settling
units (settling velocity) on the basis of experimental criteria
rather than use arbitrary figures.

. The use of tracers with any theory of evaluation defines the
distribution and classification of the flows, but not the -
trajectories.
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. To avoid discrepancies in the tracer test results, it is

advisable to add small amounts of tracer prior to the in-
jection of the instanteous dosage test for a period equal to
at least 1/60 of the theoretical detention time.

d) The flow characterization equations developed by El Baroudi
glve results which reflect the actual flow conditions pvoduced
in high-rate settlers.

H. Filters
During the research period the declining-rate filters were evaluated
both under normal operat:ng conditions and by means of special tests, the
results of which are given below.

1)

Filter efficiency

Due to the efficient pretreatment, the turbidity of the water en-
tering the filters was almost always below 3 JTU, The filtered
water was of excellent quality, since except for very short pe-
riods of time, the turbidity of the filter effluent was less than
1.0 JTU (95% of the time).

The maximum turbidity values produced were 2.5 JTU due to operator
problems, and 'the average turbidity was 0.59 JTU, Table 3-11
illustrates the average efficiency of the filters.

Table 3-11

FILTER INFLUENT AND EFFLUENT TURBIDITIES

Influent turbidity Frequency Effiluent turbidities (JTU)
JTU " Minimum Average | Maximum

0.5 -1 70 0.13 0.u43 0.8

1 - 1.5 100 0.30 0.54 0.9

1.5 - 2 35 0.40 0,63 0.9

2.0 - 2.5 10 0.50 - 0.73 0.9

2.5 - 3.0 10 0.60 0.80 1.0

Since there were no periods of poor water quality, it was not
possible to study the efficiency of the filters with high turbi-
dity and color loads. The normal color removal capacity was 5 CU;
95% of the time there was a total absence of color,

a) Filtration rates . ‘
Although it was. difficult to find an exact correlation between

the period of operation’of the filter and the flow rate, tests
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1ndlcated thut after backwashing the fllter takes g loadlng of
325 m3/m2/day (the design flow being 300 m3/m2/day), Loadings
as high as 375 m3/m2/day were observed for the first two hours
of the run. The flow rate decreases gradually until after 30

'_hours the filter is accepting a loading of between 30 and 50

b)

.c)

a)

e)

m3/m2/day, The average filtration rate was 186 m 3/m3/day for
the entire filter run. The curves for the flow rate variation
are shown in figure 3-21, in which three operational stages can
be seen. The first stage corresponds to an increasing flow
rate, the second to a decreasing rate with a linear tendency,
and the third stage to a relatively constant flow rate.

Loss of head

The head loss variation had a linear tendency during the first
and second stages of filter operation, followed by an exponen-
tial increase and then a simultaneous stabilization of the head
loss and flow rate in the third stage.

Figure 3-22 shows the curves of the variation in head loss in
Filter No. 1.

Variation of water level in the filters

At the beginning of the filter run the resistence is minimum
and the filter takes a high load without greatly affecting the
water level in the other filters (stage 1): in the second ope-
rational stage the water level increases. with a linear tendency
which is a product of the linear variation in head loss. How-
ever, at the end of the second stage the filter loses its
hydraulic capacity, with high head loss, so that in order to
continue functioning the water level begins to increase expo-
nentially (figure 3-23).

Variation in water quality

Although the quality of the filter effluent in general is su-
perior to that recommended in the WHO International Drinking
Water Standards, there is a progressive deterioration of water
quality (segment a-b, figure 3-24) ducing the initial and mid-
dle stages of the filter run with a tendency toward a linear
correlation, but in the third stage there is an exponential
deterioration as a function of time which rapidly reaches the
point of filter breakthrough (segment b-c, figure 3-24). The
influence of the backwashing of other units on the effluent
water quality of the filter under study will be analyzed later
on.

Filter runs

The runs of the filter being studied varied from'a minimum of
21 hours to a maximum of 98 hours; normally the values were
between 40 and 80 hours and the average value was 64.6 hours.
The first and second stages combined averaged between 30 and
50 hours.

Analyzing the data given above as a whole, the limiting factors
for the filter run are: loss of capacity (filtration rate),

- available water head (loss of head), water level above the
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filter bed (water loading) and effluent water quality, all of
which should be analyzed in relation to the filter run. In the
ideal run, the maximum flow. rate, the maximum permissible turbidity
and the maximum head loss will be reached simultaneously. These
factors can be regulated by pretreatment to obtain the most
suitable floc.

2) Filter backwashing

a) Influence of backwashing on the filtration rate
As it can been seen in figures 3-21 and 3-25, when one filter
is backwashed with the flow from the other units, the flow rate
in the other uniis increases in an inverse proportion to the
number of units, in this case up tc 30% of the filter flow
(curve B of figure 3-25 which shows the results of one test),
The distribution of flow during backwashing is not equal in
all the filters, Apparently the cleanest filter tends to take
the highest loading, as indicated in curve A of figure 3-25
and the dirtiest unit takes a lesser loading (curve C of the
same figure).

Three distinct stages of flow rate in the other units are also
observed during the backwashing of one of the filters, The
first stage has a duration of up to five minutes during which
the filters take a progressively higher loading until a maximum,
value is reached. In the second stage, this maximum value re-
mains constant throughout the rest of the washing period. The
third stage begins when washing has been completed and repre-
sents the recuperation period of the filter which is approxi-
mately three times the backwash time, It should be mentioned
that each time one filter is washed, the others lose an average
of 10% of their normal filtration capacity (value "a" in figure
3-25).

b) Influence of backwashing on the quality of the effluent of the
other filters A '
In addition to what has been indicated in the discussion of
filtered water quality, it should be noted that the relatively
rapid increase in flow rate due to the backwashing of any of
the filters almost instantly produces a deterioration in
. effluent water quality of an average magnitude of 0,20 JTU
(segments d~e and f-g, figure 3-24). When the backwashing is
done during the first or second stage of filter operation there
is an average recuperation of 0.10 JTU in each cycle, which is
maintained until another unit is washed. If the backwashing is
done in the third stage.of the filter run, no recuperation is
observed and the quality continues to deteriorate.

c) Backwash characteristics
The studies conducted indicate that the filter backwashing is
adequate for the following reasons: )
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The backwash‘velocities during the second stage reached 0.78
m/min, with average values of 0,70 m/min, which are above
the minimum design requirements (0,60 m/min),

The backwashing time varied between 6 and 14 minutes with an

average of 10 minutes (figure 3-26); 95% of the time back-
washing took less than 12 minutes. 'The backwashing time was
determined by analyzing the turbidity of the wash water, which
varied from a minimum of 3,5 JTU to a maximum of 10 JTU with
average values of 5,38 JTU; 95% of the time the turbldlty was
less than 7.96 JTU,

There was no loss of filter media nor excessive mixing of
sand and anthracite. ,
After one year of operation, a study of the topography of
the supporting gravel bed showed a maximum variation of §
em, with the greatest values being those occurring opposite the
wash water inlet. The filter bed topography, as illustrated in
figure 3-27, indicates a fairly uniform distribution of flow '
and the absence of problems due to jetting.

3) Conclu31ons

The tests and normal plant operatlon demonstrate not only the via-
bility of the theory of declining-rate filtration and the possibi-
lity of backwashing a filter with the flow from the other units,
but also that it is possible to apply these principles. in' the de-
sign of simple and economic treatment plants capable of achieving --
high levels of efficiency.and performance, superior to-those nor- .
mally obtained in®conventional plants. ;

3.4.3 ECONOMIC ANALYSIS
A. Construction costs

The total plant construction cost was US$ 262 380, which for its de-
sign capacity of 235 1l/s gives a unlt cost of US$ 1 111 per l/s.

A comparative study of the constructlon costs of the Pampahasi water -
treatment plant, which supplies water to part of the city of La Paz ‘and con-
sists of conventional rapid mixing and rapid filtration units, shows an
approximate construction cost of US$ 1 000 000 and a unit cost of US$ 3 367
per 1l/s.

Although both plants were built at the same time and under relatively
similar conditions, the cost of the Cochabamba plant was 33% of that of the
Pampahasi plant.

The construction costs are divided as follows:

.Labor = 33,37%
Materials =60,63%

" Supervision and
administration = 6.00%
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Only 8% was spent on skilled labor and 8% for imported equipment and
materials. '

These amounts are of great s¢gn1flcance and are very favorable for
the project.

B. Operating costs
Durlng the research period,. no expenses were incurred for maintenance
or repairs, Therefore, only the operational costs are considered here, with

unit costs of:

Alum US$ 150,00 US ton |
Lime US$ 47,50 US ton
Operators wages US$ 300.00 man/month

The operating costs varled between US$ 3.50 and 4,38, with an average
cost of US$ 3.91 per 1000 m3 of treated water; 63% cor°esponds to personnel
and the remaining 37% to chemicals and other supplies,

C. Research data
The results of the economic survey carried out for the University of

Oklahoma are included in Appendices 3-E and 3-F.
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4. EVALUATION OF THE WATER TREATMENT PLANT OF LINHARLS, ESPIRITO SANTO,
BRAZIL (RESEARCH PROJECT No. 2)

4.1 INTRODUCTION

The first stage of the treatment plant for the city of Linhares was
designed and built with rapid filters and conventional treatment methods.
The Fundagdo de Servigo Especial de Salide PGblica (FSESP), the agency respon-
sible for the construction, operation and maintenance of the water supply
systems in the State, decided to expand the capacity of the treatment plant
by building two contact clarifiers with a capacity of 60 1/s. The new units
were designed based on experlences in Russia and The Netherlands as well as
work done by Miller and Boddy in England, McKlnney in the United States and’
Grinplastch in Brazil. .

CEFIS was contracted by the Universit& of Oklahoma to carry out an
evaluation of water treatment plants designed using new technological con-
cepts to determine the technical efficiency of the processes involved and
the degree of adaptablllty of this technology to the conditions prevailing
in developing countries.” The Linhares treatment plant was selected as one
of the project sites because it is an example of advanced technology and
because the city of Linhares is representative of condltlons in developing
countries. An agreement was signed with FSESP for the executlon of studies
and field research including the following components:

- Study of the general demographic and socio-economic conditions.

- Technical evaluation of the characterlstlcs and eff1c1ency of the’
new treatment units. .

- Economic study of the initial investments and operatlon and mainte- '

nance costs.
The main resu..ts of these studies are described in this chapter.
4.2 GENERAL INFORMATION ABOUT THE CITY

The geographical coordinates of the city of Linhares are 19924720
latitude south and 40°04'05" leongitude west. It is the capltal of the
Mun1c1pallty of Linhares in the State of Espirito Santo, Brazil (figure u- 1),
located in a large fertile.plain bétween the Doce and Pequeno Rivers and |
Juparana and Aviso Lakes, with an average elevation of 28 m above sea level.
The average annual precipitation is 1516 mm-and the temperature varies
between 17° and 38°C. : .

. Linhares is the fourth largest municipality in the state in terms of
population, 86.6% of which is rural. In 1968 when the water supply system

was designed, the munlclpallty had-13 700 inhabitants. Table. U4-1 gives the
population estimates. :
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Table 4-1

POPULATION GROWTH FOR THE CITY OF LINHARES

Year Population
1950 2 939
1960 5 751
1964 9 625
1968 : 13 700
1998 35 000

4.3 GENERAL DESCRIPTION OF THE WATER SUPPLY SYSTEM

Figure 4-2 shows the general plan of the water supply system for the
city of Linhares, which has the following characteristics:

4.3.1 Demand

The unit consumption is 150 l/capita/day. The average daily con-
sumption at the beginning and end of the design period is 23.78 1l/s and
60.76 1/s. A coefficient of 1.31 for the maximum daily consumption at the
end of the design period yields a flow of 79.30 1l/s.

4.3.2 Source of supply

The water is taken from the Pequeno River, which is a channel connecti
the Doce River and Juparana Lake. During the summer (rainy season) the
waters flow from the Doce River ' to the lake and during the winter (drg sea-
son) from the lake to the river. The minimum flow in the river is 8 mY/s.

The water quality of the Pequeno River varies according to the seasons,
as indicated above. As a general reference, the results of physical- ‘
chemical and bacteriological analyses are given in Table 4-2. The principal
prot lems are turbidity during the summer and high color with low alkalinity
during the winter. ‘

4.3.3 Collection works

These consist basically of a 250 mm screen connected to an asbestos-~
cement pipe with the same diameter,and gradients of 1.5% which transport
the water to a suction well. The screen is located 0.60 m below the low-
water level. The suction well is made of reinforced concrete with a section
of 1.20 x 3.50 and a depth of 4.50 m. '
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Table 4-2

GENERAL CHARACTERISTICS OF THE WATER

Temperature 23°C
Color ' 38 CU
Turbidity 17 JTU
pH 6.9
Total solids . 147 mg/l
Dissolved solids 147 mg/l
Alkalinity : ' - 16 mg/1
Total hardness 22 mg/l
Calcium hardness - 10 mg/1
Magnesium hardness 12 mg/1
Chlorides ' 13 mg/1
Iron 0.03 mg/l
Free CO» . 3.8

Total coliforms/100 ml 35 000
-MPN/100 ml 23

4.3.4 Pumping station and supply line

Thnre are three 25 HP pumping units with capacities of 36.u45 l/s
each, and a head of 27 m.

The supply line consists of a 350 mm asbestos-cement pipe about’
250 m long. '

4.3.5 Treatment plant

The original treatment plant was designed with an initial treatment
capacity of 36.45 1 which was expanded to 50 1/s by comstructing two addi-’
tional rapid filters. Two new contact units have increased the capacity
by another 60 1/s (Figure 4-3). The plant includes the following units:

A. Chemical feeders
Aluminum sulfate in solution and lime ifi suspension are added using
a dosing tower.

B. Mixing system
Mixing is done in a Parshall flume with a 15 cm throat and a head
loss of 25 cm with maximum flow, producing velocity gradients between 1 200
and 1 .600 s 1,

C. Clarification

1) Original plant

a) Floecculation units. TFlocculation takes place in a vertical £low’
hydraulic flocculator with five square chambers, with a section -
of 2.00 x 2.00 m, and an average depth of 3. 55 m. With the
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original flows the uetention time is 30 minutes and the estimated
average velocity gradient is 26 s-!. The chambers are joined by
orifice.: located in the floor and by wuirs in the upper part, in
order to produce helicoidal flow. The total head loss in the
flocculator is 11 cm. '

Sedimentation units. Settling takes place in two conventional

.horizontal flow settling units with the following characteristics:

Width - 5.00 m

Length - 17.00 m

Average depth - 3.15 m
Overflow rate - 18 m3/m2/day
Horizontal velocity - 0.11 cm/s

The flocculators are connected with the settling tanks by a canal
with two gates for each settler, maintaining a maximum velocity
of 0.14 m/s. The water is distributed'in the settling tanks
through a canal with a perforated floor; the water velocity is
0.18 m/s,and 0.15 m/s in the diffusiaon wall _The water is col-
lected at the outlet of the settling tank by a channel located

at the far end which has a flow of 3.78 1/s per me%er of -hannel,

Fi{ltration. ‘Filteringwas done in two conventional rapid filters
with the following characteristics:

Area of each unit - 12.90 m?

Filtration rate - 122 m3/m2/day

Filter media ~ sand with an effective size
of 0.50 mm and a uniformity coefficient
of 1.92

The filter has a false bottom with 25 porcelain nozzles per square
meter. The filters are backwashed using conventional methods.

The bottom of the wash water storage tank is 3.50 m above the
surface of the filter sand, producing upflow backwash velocities
of 0.73 m/s.

This original design was expanded by adding two more conventional
rapid filters and modifying the flocculation and sedlmentatlon
units to produce a flow of 50 1l/s.

Contact clarifier

The treatment plant described above was later modified by the
construction of two contact clarifiers (figures -4 and 4~5) with
the following characteristics:

. Number of units ~ 2 ‘

Average capacity per unit - 30 1/s
Average filtration rate - 130 m3/m2/day
Maximum filtration rate - 175 m3/m2/day -
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Dimensions of the filter box:
Section - 4.50 x 4.50 m

Height of supporting bed

- 0.60m
Height of filter bed - 2.00
Water head - 1.40
Freeboard - 0.40
Total height . u.uo m

The filter bed is made up of quartziferous sand with an effective
size of 0.60 mm and a uniformity coefficient of 2.5. The height
of the filter bed is 2.00 m, with the sand graded as follows:’

Height ' Diameter (mm)
0.20 0.495 - 0.598:
0.20 0.598 - 0.833
0.40 ) 0.833 - 1.168
0.50 1,160 - 1.661

- 0.70 1.661 ~ 2.362

The supporting bed is. made up of gravel with the following
eharacteristics:

g (mm) Height of the layer (m)
2.36 - 3.20 0.10
-3.20 - 6.35 0.10
6.35 -12.7 _ 0.075
12.70 -19 .- 0.075
19 ~-25.4 ' 0.250
: 0.60

' The filter underdrain system consists of perforated pipes conncuicu
to a central reinforced concrete canal. The system has the follow-
ing characteristics:

" iameter of the laterals - 75 mm

Number of laterals - 50

Length of laterals - 1.90 m

‘Separation between pipes - 0.15 m

Orifices ~ 2 rows of @# 3/8" with separations
of 17.5 cm

The backwash conditions are as follows:
Backwash rate - 840 1/min/m2

Backwash veloclty - 0.84 m/mln
Sand expansion - 40%
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There are three wash water trdughs 0.35 m wide and 0.50 m. high,
with 1.40 m of freeboard above the surface of the sand.

A storage tank with a capacity of 147 m3 for filter backwashing
has been designed to complement the tank which has already been
built, yielding a total volume of 204 m3 which is enough to wash
the fllters with a flow of 17 m /m1n for 10 minutes.

D. Disinfection
° Disinfection is accompllshed using chlorine gas.

E. Clear water tank
After filtering, the water goes to an underground reservoir with a’

storage capacity of 400 m3.

4,3.6 Storage and pumping

The system has a pumping station with three 20 HP centrifugal pumps
which lift the water to an elevated storage tank with a capacity of 378 m3,

4.3.7 Distribution system

Class 15 asbestos-cement pipes with diameters between 50 and 150 mm .
are used in .the distribution system. The secondary and main networks have
200 to 300 mm pipes. The total length of the system is 58 700 m. Presently
there are about 3 000 household comnections. .

4.4 RESEARCH STUDIES

Research was carried out on the following aspects: determination of
the general characteristics of the city, technical evaluation of the, treatment
plant and economic evaluation of plant constructlon, operation and maintenance
costs.

4L,4,1 General characteristics of the city

In order to fulfill the principal research. objectnve of the University
of Oklahoma, information on the following topics was gathered vsing a survey
questionnaire: :

A. Identification of the city and institution responsible for water .
supply services;

B. Technological and demographic dataj;
C. Basic socio-economic data.

The results are included in Appendices 4-A and 4-B.

bob.2 Technical evaluation

When water with low turbidity is treated using the conventional
processes of coagulation, flocculation, sedimentation and rapid filtration, .
large amounts of coagulant are needed for the. prec;pltate to drag down the
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particles in its path., The high cost of this form of treatment led investigators
to consider the possibility of treating the water by coagulation and contact
filtration, where the addition of the coagulant produces a microfloc which is
filtered before it increases in size through hydration. Furthermore, upflow
filters have proven to.be efficient since they use deep-bed filtration.

Engineer Grinplastch applied these criteria in designing the expansion
of the Linhares Treatment Plant. The object of -this research study was to
evaluate the performance of the contact unit and its limits of use and
applicability under normal operating conditions.

A. Raw water quality )

Since the research was done during mcnths of low precipitation, the
water quality characteristics were good and treatment probléms were due almost
exclusively to color. The turbidity ranged between 4 and 87 JTU, with an
average value of 10,82 JTU; 90% of the time the turbidity was less than 14 JTU.
Figure 4-6 shows the turbldlty freaquency curve. Color ranged from 10 to 220 CU
with an average value of 22.66 CU; 90% of the time the color was less than
40 CU and 95% of the time it was below 90 CU. The cumulative color frequehcy
is indicated by the curve in figure 4-7,

The pH of the water ranged between 6.9 and 7.2, with an average value
of 6.98. The alkalinity was low, with minimum values of 12 mg/l, maximum
values of 31 mg/l and an average of 25.74 mg/l.

B.'Process data
Data required by the University of Oklahoma regarding the technical
characteristics of the processes used in the water treatment plant are
included in Appendices 4-C and 4-E.

C. General plant performance

In general the plant was found to be highly efficient when treating
clear waters (less than 50 color and turbidity units). Color removal
efficiencies greater than 99.7% and turbidity removal efficiencies above 99.5%
were achieved (figure 4-8). With higher color and turbidity values, there
was a rapid decrease in efficiency, although with 100 units of turbidity or
color, the efficiencies were 96 and 97.5% respectively. Figures 4-9 and 4-10
show the turbidity and color of the raw water and the treated water. The °
quality of the treated water ' :mained relatively constant even though the
plant has only two filter units,

D. Comparative <fficiency
Since the plant has a single rapid mixing unit and two different

treatment processes (contact units and conventional rapid filters) brief
comparative studies of the efficiencies of the two prucesses were carried out
while operating both systems at normal design rates. In general, the contact
units showed greater efficiency. With normal filter runs of up to 40 hours,
the effluent water turbidity remained constant. with values between 0.2 and
0.9 JTU; the average turbidity of the water flltered by the conventional
filters was greater and the quality of the effluent deterlorated steadlly.




100

90 o

°

80 1 f

il

o]

50

40

30

2ol |-

CUMULATIVE FREQUENC'Y

10J.

TURBIDITY CJTU)

10 20 30 40 50 60 70 80 S0 100 110 120 130 140'

“TURBIDITY FREQUENCY IN RAW WATER,

FIGURE

4 -6

WATER SUPPLY SYSTEM_LINHARES

-el‘-



- 100 G!._.—- o
> 0
= [
575 ]
s [P
i _
w-
S 50
< .
5 jl T
= 25| |
L
0 .
0 50 100 150 200 250
| COLOR UNITS
' COLOR FREQUENCY IN RAW WATER FIGURE 4-7

WATER SUPPLY SYSTEM — LINHARES

6L -



100 ,
) N
\
\j\ \ aColor
\ Removal _ ,
' g5 T'u-rbidity WATER QUALITY
_ Removal © Turbidity (Jtu)
® Color (C.L)
D
0 - -
d 0 - '50 ‘ 100 150 200
WATER QUALITY
TREATMENT EFFICIENCY FIGURE 4.8

WATER SUPPLY SYSTEM_ LINHARES

-08—



40

35

_. 30

:é 25 A

é 20 |- //\ | /&/\-V |

?—_:’ / \/\ | / \/\/\> Iniluent
\\ V

:Z“ | \/\\/\/

0 ’ B ————_____IFfluent
0 24 48 72 92
" OPERATION TlME (HOURS)
FIGURE 4 -9

EFFICIENCY OF TURBIDITY REMOVAL

"WATER SUPPLY SYSTEM — LINHARES

..'[8_



40
35
30

25

(C.U.)

20

15

COLOR

10 |

M

Lnﬂuent

[+

24

48

72

OPERATION TIME (Hours)

o Effluent

92

EFFICIENCY OF COLOR REMOVAL

FIGURE 410

WATER: SUPPLY SYSTEM _ LINHARES

-38-



- 83 -

The contact units showed the additional advantage of longer filter
runs with better water quality.

Figure 4-11 illustrates the comparative éfficiency «.f the two
processes, '

1)

2)

'3)

4)

Influence of filtration rate on the efficiency of the contact units

In a brief test an effort was made to determine the effect of the
variation of the flow rate by increasing the flow gradually (from
130 m3/m?/day up to two times that amount). The filtered water
quality remained constant at 0.5 JTU using a raw water turbidity
of 15 JTU., Higher turbidity was observed when the flow was
increased suddenly, but the turbidity was less than 1.0 JTU
throughout the test.

Influence of the filter run

The filter run varied between 16 and 48 hours, with an average of
30 hours.

Representative samples of the operational water quality data
indicate that in general the turbidity was constantly lower than
0.50 JTU in normal runs of up to 30 hours.

On the other hand, the head loss showed a tendency to increase
exponentially as a function of time.

The initial head loss ranged between 0.50 and 1.75 m with an
average of 0.90 m which is less than the design value (1.30 m).
The filter loses capacity because of clogging (head loss) rather
than because of media breakthrough.  The results of these tests
are illustrated in figure 4-12. ' '

Coagulant dosage

From the data obtained during normal plant operation, a clear
correlation can be found between the coagulant dosage and water
turbidity. As indicated previously, larger coagulant dosages are
required with lower turbidities (7.5 JTU) beyond which a linear
correlation is established between the required dosages and the
solid content (figure 4-13).

On the other hand, no correlation could be established for water
with less than 50 color units, which is to be expected since the
coagulant dosage is determined by analyzing the turbidity parameter
(figure u4-14).

Filter backwashing

Two types.of filter wash are used. The first consists of reversing
the flow (downflow) every 10 hours or so, with flow rates of 0.15
m/min (the plant design does not include any special means of
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preventing the fluidization of the filter bed). Thé second is the .
normal washing process for this type filter, using upflow velocities
between 0.55 ‘and 0.84 m/min with an average value of 0,60 m/min.

A relatively large amount of water (200 m°) is required to wash -
eacb unit, which produces a 40% expansion of the filter bed.

In general, the time needed to complete the washing of the filter
is longer (20 minutes) than that normally recommended for thlS typ
filter (7 to 8 m1nutes) :

Figure 4-15 shows the turbidities opservea witn airrerent wasn Times.

1

Conclusions

Upflow filters can be used eff1c1ently as contact clarifiers, w1th

flow rates of 130 m3/m?/day.

With good quallty water (less than 50 units of color or turbldlty)
performance is above 99.7%. .

With raw water turbldlty and color ranging between 50 and 100 units,

the eff1c1ency is above 95% with normal loadings of up to 130 ma/mzlday.

No deterloratlon of water quality was observed w1th loadlngs up to
twice the normal flow rate.

This type filter produces water of better quality.and possibly has
a higher biological efficiency than the conventional processes of
coagulation, flocculation, sedimentation, and rapid filtration.

To avoid problems of fluidization of the filter bed, the flow can
be reversed periodically (downflow) to partially backwash the unit,
which gives longer filter runs, improves the water quality and
eliminates the need for screens on the top of the bed, or other
such devices. :

In general longer washing times are required, in proportion to ‘the
depth of the filter bed. Since the depth of the filter bed is
twice that of conventional filters, it takes twice as long to
obtain an efficient washing.

During the research period there were no operational oroblems or
deficiencies due to the design of the plant or the use of contact

: unlts and upflow flltratlon.

i)

Apparently, the coagulant dosages requlred are lowver than with

. conventional processes.

The plant is more compact than conventional installations.
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k) There is a greater potential for removing and étoriﬁg SUSpended
matter, since the entire depth of the filter bed is utilized
rather than just the surface layers as occurs in downflow filters.

1) The following disadvantages of the process can be mentioned:

The efficiency decreases as a function of the deterioration of

raw water quality, making it possible to use contact units only
with relatively clear waters (up to 50 units of color and/or
turbidity). :

There is a possibility of fluidization of the filter bed which

could produce a sudden and appreciable deterioration in the
effluent water quality. For this reason, careful operation is
required.

Wash water could be mixed with the clear filtered water if’
errors occur on the part of the operators.

4,4.3 Economic evaluation

A. Construction costs
The original design of the water supply system to be executed in two
stages had ‘an estimated cost in 1968 of US$ 88 400, Of this amount, Us$ 14 100
({?%) corresponded to the treatment plant.

Table 4-3 gives the cost estimates for the different parfs of the
Linhares water supply system. :

Table 4-3

CONSTRUCTION COST ESTIMATES FOR THE LINHARES WATER SUPPLY LYSTEM

Cost % of
Work us$ total cost
Collection, pumping
and supply line 3 100 .
Treatment 14 100 16
Storage 6 300 , 7
Second pumping system 2 700 3
Distribution network ' 42 500 ’ 48
' Household connections -1 600 . 2
Miscellaneous and : o
unforeseen expenses 6 800 8
Administration 11 300 ; 12
Total v - 88 100 100
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In 1973, after.a technical and economic feasibility study, it was.
decided to expand the plant by building contact units, since it was the most
economical solution (40% of the cost of expanding the conventional plant).

The contact clarifiers were built between 1973 and 1975 at a total
cost of US$ 68 600 with a unit cost 'of USS$ 923 per 1/s, of which 30% was .
spent for wages, 60% for materials and 10% for engineering and administration
costs. Only 10% was used for skilled labor and less than 10% for the purchase
of imported materials,

B. Operating and maintenance costs

Using the unit costs given in table u-u, ogeration and maintenance
costs ranging from US$ 14,29 to 18.32 per 1 000 m? are obtained, with an
average of US$ 16.29. The amount corresponding to operation and chemicals
was only US$ 3.85 which is equal to 24% of the total costs. The majority of’
the cos's were incurred in the maintenance of the plant in general; it was
not possible to separate the disbursements for.the new and old plant. Table
4-5 gives details of these expenses.

Table u4-4

UNIT PRICES

Price .
Item Uss Unit
LY
Alum 94,00 ton
Lime 49,30 ton
Chlorine 0.30 kg .
Personnel (operators) 170.00 man/month
Table 4-5

ANALYSIS OF OPERATING AND MAINTENANCE COSTS PER 1 000 m3

Item Maximum Average Minimum.
Alum 1.27 1.13 1.06
Lime 0.42 0.39 0.36
Chlorine 0.33 0.30 0.27
Operation 2,66 2,03 1.70
Repairs 1.66 1.66 1.66
Maintenance 11,98 10.78 9.24
Total cost 18.32 16.29 14,29
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C. General economic data
The results of the survey done in order to provide the economic data
requested by the University of Oklahoma are included in Appendices 4-E and 4-F,

D. Conclusions

1) The results of the research indicate that contact units are more
economical than the conventional coagulation, flocculation,
sedimentation, and filtration processes, or even the newer high-rate
settling and filtration pro~esses, when treating good quality water
with an average turbidity and color of less than 50 units.

’

2) Apparently contact units are more economical to operate, especially

since they require smaller coagulant dosages.
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5. EVALUATION OF THE WATER TREATMENT PLANT OF PRUDENTOPOLIS, CURITIBA,
PARANA, BRAZIL (RESEARCH PROJECT No. 3)

5.1 INTRODUCTION

The Companhia de Saneamento do Parand (SANEPAR), the agency respon81ble
for constructing and administering the water supply and sewerage services in
the State ofé Parana, Brazil, signed an agreement with the National Housing
Bank in 1972 for the execution of a sanitation program which required the
preparation of a large number of projects in a relatively short period. For
this purpose, research was undertaken on pilot filters and at the same time
four basic module projects for water clarification were de81gned with CEPIS
collaboration, based on the results of the research.

The University of Oklahoma signed an agreement with CEPIS under which
the latter would cunduct research at water treatment plants in Latin America
designed with new technological concepts, including an evaluation of the
degree of adaption of these projects to the socio-economic and technical
conditions existing in the countries.

Because the water treatment plant of the city of Prudentopolis is an
example of new treatment technology and the city is representative of prevail-
ing conditions in Latin America, it was chosen as one of the research sites.

An agreement was signed with SANEPAR for the execution of a research
program which included the following components:

)

- A study of 'the general demographic and socio-economic conditions of
the city.

- Overall technical evaluation of the plant and of each of the unit
processes involved.

- Economic study of the capital investments and operatlon and mainte-
nance costs.

: A description of the general characteristics of the city and the -
treatment plant, and a summary of the research program and the conclusions
reached are presented in this chapter.

5.2 GENERAL INFORMATION ABOUT THE CITY

The city of Prudentopolis is located in the west central region of the.
State of Parana, Brazil; its geographical position is 51° longitude west and
25°13"' latitude south (figures 5-1 and 5-2) and it is connected with Curitiba
by an asphalt highway.
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It has a temperate climate and an average annual precipitation of
1 654 mm.
, The current population of Prudentopolis is approximately 7 500 in-
habitants, and it is expected to grow to about 12 500 inhabitants by 1992,

Table 5-1 gives the estimated poprilation and water consumption data.

Table 5-1

POPULATION AND WATER CONSUMPTION - PRUDENTOPOLIS

Flow 1/s
[
. ‘Population Daily Meximum Maximum
Year Population served | average daily hourly
1973 6 895 - - - -
1974 -7 190 - - - - -
1975 7 485 3 742 6.7 8.1 12.1
1976 7 780 4 668 8.4 10.1 10.1
1977 8 075 5 652 10.2 12.2 18.3
1978 8 370 6 277 11.3 13.6 20.4
1979 8 665 - 6 932 12.5 15.0 22.5
1980 " 8 960 -7 168 12.9 15.5 23.2
1981 ¥ 9 255 YA 13.3 16.0 24.0
1982 9 550 7 640 13.7 16.5 24.8
1983 9 845 7 876 14.2 17,0 25.5:
1984 10 140 8 112 14.6 17.5 - 26.3
1985 10 435 8 3u8 15.0 18.0 271
1986 10 730 8 584 15.4 18.5 27.8
1987 11 025 8 820 15.9 19.1 28.6
1988 11 320 9 056 16.3 19.6 | 29.4
1989 11 615 9 292 " 16.7 20.1 - 30.1
1990 11 910 g 528 17.2 20.6 30.9
1991 12 205 9 76u4 17.6 : 21.1 : 31.7
1992 12 500 10 000 ig8.0 21.6 32.4

Source: Preliminary hepopt on the Prudentopolis waterzsupply system,
SANEPAR

5.3 GENERAL DESCRIPTION OF THE WATER SUPPLY SYSTEM -

SANEPAR is responsible for the design, operation and maintenance of
the water supply system for the city of Prudentopolis. Figures 5-3 and 5-4
illustrate the general layout of the system which has the following charac-
teristics: ' : ' . '

5.3.1 Demand

The unit consumption is 120 1/cap/day with a coefficient of 1.40 for
the maximum daily consumption. S



702 Do 16uagy il

| PRUDENTOPOL /4/ .
1"’ '

\
"
M“
\\ fa\
KEY |

— Supply Conduit —— e derqgl Road's'

® [ntake ‘ State Roads .

— Pumping Station : %;-‘Rlvers : )

/\ Water TreatmentPlgnt
0 Ground Storage

o Elevagted Storage

 FIGURE 5.3~

WATER SUPPLY SYSTEM~PRUDENTOPOLS




WATER TREATMENT

PLANT ‘
1 l:/ UPPER

ELEVATED
TANK 150 m?

"DISTRIBUTION
£ - SYSTEM
(e .
[
* -

— ~ Lower |
- > DISTRIBUTION [
=== INTAKE SYSTEM

DOS PATOS RIVER
'FIGURE 5.4"

WATER SUPPLY SYSTEM PRUDENTOPOLIS




- 99 <

5.3.2 Sources

The water is taken from the Dos Patos Rlver which has a drainage area
of 780 km2 and a minimum recorded flow of 2. 00 md/s.

The waters have medium turbidity (56 JU),medlum color (58 U), low alkali-
nity (19 mg/l), slightly acid characteristics (pH=6. 7) low hardness (17 mg/l1),
high iron content (1.25 mg/l).

The turbidity of the water varies from 17 JU to 370 JU, with an
average value of 56 JU. Table 5-2 and figure 5-5a summarize the distribution
of turbidity, frequencies.

: The color of the raw water varies from 30 to 700 CU with an average
value of 115 CU. Table 5-3 and figure 5-5b summarize the distribution of
color frequencies.

5.3.3 Collectipn works

The water is taken directly from the Dos Patos River by means of a
250 mm screened pipe connected to a suction well. Above the well are two
turbine pumps with a capacity of 11 1l/s against a head of 120 m (figure 5-4).

5.3.4 Supply Line

The supply line is made of iron w1th an inner. llnlng of coment. It
has a diameter of 150 mm and a length of about 3 000 m.

5.3.5 Treatment plant

Two "I" modules of the SANEPAR-CEPIS plant have been constructed which
can treat 22 1/s. The treatment unit or module (figures 5-6 to 5-12) consists
of a tank in the form of an inverted truncated pyramid, in the center of
which the coagulation process takes place. Sedimentation takes place in four
lateral compartments and the filters are located at each corner. The result
is a very compact plant which is easy to operate and easy to build.

The raw water enters a chamber by means of a circular weir with a
vertical wall, creating the hydraulic conditions necessary for a perfect
diffusion of the coagulants.

A. Reagents
Aluminum sulfate in solution is used, in concentrations of 2 - 5%.
Lime is used as a coagulant aid in order to provide the alkalinity required
to reach the optimum pH for coagulation. Lime is also added to correct the
pH of the filtered water. Hydrated lime in suspension is used.

B. Chemical feeders

The aluminum sulfate is prepared in two reinforced concrete tanks
(duly protected against the action of aluminum sulfate) with an effective
volume that allows a :.onsumption of 30 mg/l of alum with a concentration of
5% during 12 hours. Alum cake is used because of its low cost. The solutior
is mixed by means of an inclined axle agitator powered by a 1/3 HP electric -
motor. There are two constant level feeders with adjustable orifices and
12-1litre boxes, they have a feeding capacity of 250 litres per "hour. 'The

foalae A _laa W0 e . a4 alAn 2 3.
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Table 5-2

RAW WATER TURBIDITY - PRUDENTOPOLIS - DECEMBER 1975/MAY 1976

Turbidity * ‘Frequency o Cumulative
JTU (3 h) e % -
0a 29.9° 1 708 41.15 41.15
30 a 59.9 1 238 29.82 70.97
60 a 89.9 487 11.73 82.70
90 a 119.9 189 4,55 87.25
120 a 1u49.9 212 5.11 92.36
150 a 179.9 134 3.23 - 95.59
180 a 209.9 66 1.59 97.18 .
.210 a 239.9 51 1.23 98. 41
240 a 269.9 22 0.53 - 98,94
270 a 299.9 9 0.22 . 99.16
300 35 0.84 100.00

Table 5-3

RAW WATER COLOR - PRUDENTOPOLIS - DECEMBER 1975/MAY 1976

Cumulative

Color Frequency %
cu 9

0a 99.9 923 66.31 66+ 31
100 a 199.9 260 18.68 84.99
200 a 299.9 82 5.89 90.88
300 a 399.9 55 3.95 9. 83
400 a 499.9 - 37 2.66 97.49 -
500 a 600 35 2.51 100.00
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All the pipes used to transport the aluminum sulfate solution are
rigid PVC, class 12. :

The lime is fed by a truncated pyramid saturator which has a 1/3 HP
electric agitator. The area of the saturator is calculated with an appli-
cation rate of 2 kg of Ca0 per hour. The water is supplied from a concrete
tank. The lime suspension iscollected in a box located in the upper part
of the saturator. It is fed through two thin-walled weirs. All the pipes
are made of rigid PVC, class 12, with easily removable joints and accessories
for cleaning the entire system.

C. Raw water measurement and rapid mixing

The raw water enters the plant through a pipe with a circular weir’
35 cm in diameter. A graduated scale attached to the lower generatrix of the
weir is used to measure the flow. It is calibrated in such a way that loads
of 8 cn and 20.5 cm above tne generatrix of the weir correspond to flows of
11 and 60 1/s respectively. When two or three modules are used, the flow
is split by means of triangular weirs installed in the 31de of the distribu-
tion channel.-

D. Flocculation

This unit is made up basically of a square tank with a mechanical
agitator with vertical axle and horizontal paddles, moved by a 1/2 HP motor
with rotation velocities of 5.6 - 7.0 and 8.4 rpm. The paddles have slits
which make it possible to vary their diameter, thus adjusting the velocity
gradients from 16 to 94 s 1, independently of speed changes in the reducer:
In this manner the velccity gradients can be adjusted to the ideal floc-
culation conditicns determined by jar tests.

we flocculator is divided into four chambers by wooden baffles.
Wooden discs have also been placed above the paddles (except the last one),
av01d1ng short-circuiting and improving the performance of the flocculators
by increasing the number of compartments. The total detention time is 25
minutes.

From the flocculation tank the water flows through pipes toward the
truncated cone bottom where the floc is deposited forming a hydraulic
suspen31on sludge blanket which is extracted or regulated manually thus
1mprov1ng the subsequent settling process.

E. Sedimentation
This process takes place in four cells located beside the. floccula-
tion tank which have a common bottom (mentioned above) where the sludge
blanket forms (figure 5-9).

The sludge is discharged perlodlcally by hydraulic actlon through a
manually operated siphon designed for this purpose.

The lower part of the settling unit (3 meters) functions like a
vertical flow settler with upflow velocities of 125 m3/m2/day.

In the middle of the settler a high-rate sedimentation module has
been installed made up .of parallel plates one meter in length, set 5 cm
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apart at an angle of 60°, yielding a sedimentation rate of 185 m3/m2/day and
creating laminated flow conditions with Reynolds number below 100. Asbestos-
cement plates or sheets are used. The relation between the length of the
plate and the width of the cell is equal to 20.

Above the plates there is one meter of water. This zone serves as a
conventional settler with an overflow rate of 12 m3/m2/hour.

The water is collected by a trough located at the end of the settling
unit and flows through pipes to the filters.

F. Filtration
The filter system consists of four filters located at the corners of
the modules. They have a square plant and a designed filtration rate of
250 m3/m2/day and backwash velocities of 0.60 m/min. The filter boxes have
the following dimensions:

Width - 1.00 to 1.35 m depending on the size of the module
Depth - 4.40 to 4.50 m depending on the size of the module
Height of the false bottom - 0.45 m
Height of the supporting bed -0.375 m

Height of the sand bed - 0.255 m
Height of the anthracite bed -0.40 m
Freeboard - 0.65 m

The settled water enters through a pipeline which is connected to the
wash water box. The inlet valves controlling the flow of the settled water
into the filter and the valves controlling the discharge of the wash water
have been designed so that they can be operated simultaneously with one
lever, in such a way that when one valve is opened the other is closed, and
vice versa, thus simplifying the operation of the filter.

The filters have been designed in such a way that their bottoms are
connected to a common pipe which leads to the clear water tank with an
overflow control. This enables the filters to operate with declining rates,
and makes it possible to wash any one unit with the effluent of the others.

The false bottom is made up of prefabricated beams in the form of
inverted Vs which are supported in the walls of the filter layers; the sides
of the beams have 1/2" perforations 15 cm apart.

The filter medium consists of double sand and anthracite beds with
the following characteristics:

Sand
Effective size 0.5 mm
Uniformity coefficient 1.65
Minimum size 0.3 mm
Maximum size 1.20 mm

Specific weight 2.60
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Anthracite
Effective size 0.9 mm
Uniformity coefficient 1.1
Minimum size 0.8 mm
Maximum size 1.1 mm

The supporting gravel bLed has the following characteristics:

Layer Thickness Size (")
1 7.5 cm 1 - 3/4
2 7.5 3/u - 1/2
3 7.5 1/2 - 1/u
4 7.5

1/4 - 1/8

When the filtration process begins, the water reaches z minimum
height above ‘the filter wash water box. As the filter begins to clog, the
head loss increases and the water level in the filter rises until it reaches
the maximum height permitted by the system. At that time the filter must be
backwashed, and to accomplish this the operator needs only to move the lever
that closes the inlet valve and opens at the same time the wash water outlet
valve.

The water level in the filter falls slowly until it reaches the edge
of the wash water trough. Since the water level in the other filter boxes
remains constant, the effluent of the other filters flows through the common
pipes to the filter that is being washed and rises through the filter bed
slowly at first and later with uniformly accelerated motion until the design
backwash velocity is reached.

The backwashing operation is stopped by moving the same lever in the
opposite directicn, thereby opening the water inlet valve and closing the
wash water outlet permitting the water to reach its original level. The
filtration process is begun again; the clean filter takes a greater load
(close to 450 m3/m2/day) than the other filters which are partially clogged.

In this way the filters operate with declining rates without a rate-
of~-flow controller. :

G. Disinfection

In order to ensure the bacteriological quality of the water, it is
disinfected by means of chlorine gas which is applied at the outlet of the
clear water canal (final chlorination), using two feeders. The chlorinators
are the vacuum type with a feeding capacity of up to 12 kg of chlorine per
day, suitable for feeding chlorine gas in the form of an aqueous solution.
The necessary pressure for correct operation is provided by a small pump
with a similar capacity (12 kg of chlorine per day).

Flexible copper pipes are used to carry the chlorine to the chlorinator-
and rigid PVC pipes to transport the aqueous chlorine solution to the applica-
tion points. :
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5.3.6 Storage

Thre is an elevated tank with a capac1ty of 150 m3 to serve the upper
zone of the city and a ground storage tank with a capac1ty of 400 m3 whlch
serves the lower part of the city.

5.3.7 Distribution system

The system, which is not yet completed, will include 1u 000 meters of .
PVC pipe with diameters between 2 and 6 inches.

5.4 RESEARCH STUDIES

Research was carried out on the following aspects: determination of
the general characteristics of the city, technical evaluation of the treat-
ment plant and economic evaluation of plant construction, operation and
maintenance costs.

5.4.1 General characteristics of the city

In order to fulfill the principal research objective of the University
of Oklahoma, information on the follcwing topics was gathered using a survey
questionnaire:

A. Identificaticn of the city and institution responsible for water
supply services;:

B. Technological and demographic data;
C. Basic socio-economic data.
The results are included in Appendices 5-A and 5-B.

5.4.2 Technical evaluation

During eight consecutive months the coagulation, flocculation, sedi-
mentation and filtration processes were studied continuously, as well as
the determination of the hydraulic characteristics of the reactors and the
problems encountered during normal operation of the plant. The research
was oriented mainly toward establishing and verifying the viability and
applicability of the sedimentation and filtration theories of Yao, Hudson
and Cleasby, as well'as those of Greenleaf and Arboleda regarding filter
backwashing using the flow from other units and the possibility of hydraulic
control of simply-designed water treatment plants without the use of
mechanized cquipment.

The verification of the efficiency of the highly simplified treatment
plant designed by engineer Carlos Richter confirms the work of the above-
mentioned investigators and at the same time demonstrates the possibility of
using advanced technology to obtain extremely simple designs in accordance
with the socio-economic and industrial development of the region.

The following points were studied in detail:
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A. Raw water quality . .
During the research period the turbidity of the water averaged 56 JTU,

with values ranging between 17 and 370 JTU; the color varied between 30 and
700 NU, with an average value of 58 CU; the alkalinity was low with an-
average of 19 mg/l and the pH ranged from 6.3 to 6.8.

B. Process data _ : :

Data required by the University of Oklahoma regarding the technical .
characteristics of the processes used in the water treatment plant and a
summary of operational and maintenance problems are included in Appendices
5-C and S-E.

C. General plant performance

In spite of being a small rural water supply system, the quality of

the treated water throughout the period under study met the WHO Internatio-
nal Drinking Water Standards and the AWWA Standards.

Taking only the turbidity parameter, the values varied between 0.05
and 1 JTU, with an averagzs of 0.13 JTU; 90% of the time the turbidity of
the treated water was less than 0.55 JTU. These values indicate the high
efficiency of the Prudentopolis plant, which is producing better quality
water than that normally produced in large Latin American cities which have
complex treatment systems., (Figure 5-13)

D. Coagulation tests A _ :
Because of the quality ot the water in the Dos Patos River, especially

during periods of low turbidity, it is relatively difficult to coagulate.
Alum is used as the coagulant and lime to adjust the pH. Approximately 300
coagulation tests were run, varying the alum dose by 1 mg/l. It was found
that the required dosage varied between 8 and 13 mg/l, and that the optimum
dose was 10 mg/l. High turbidity levels do not require exact dosages. Since
the principal problem is color removal, in all the cests it was found that
acid conditions are suitable, with an optimum pH fo, coagulation of 6.1.

Figure 5-14 illustrates the alum dosages requived in the jar tests
and in tests conducted in the treatment plant. The correlation is defined
by the equation: y = 10.46 + 7.76 Ln (x) with a goodness of fit of 0.89 when
X is the optimum alum dosage in mg/l and y is the raw water turbidity in JTU.
These results werc used to prepare table 5-4 which is useful in providing a
quick reference for the plant operators when selecting the coagulant dosage
for the jar tests. :

The influence of coagulant dosage and pH on the theoretical settling
efficiency is shown in figure 5-15. :

E. Chemical feeding

. Due to the alkalinity of less than 30 mg/l when there is high turbi-
dity the addition of lime alone is not enough to produce the optimum pH and
another alkaline substance such as sodium carbonate must be added. '
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Table 5-U4

ALUM DOSAGE REQ!

Turbidity Dosage mg/l

JTU -
15 10.6

20 12.8

25 14,5

30 15.9

35 17.1

40 18.2

u5 19.1

50 19.9 (
60 21.3

70 22.5

80 23.5

90 24,5

100 25.3
125 27.0
150 28.4 -

200 30.7

250 32.4

300 33.8

Problems were encountered in applying the exact dosage, because of
the accuracy limits of the alum feeders, which proved to be inadequate for
small systems with treatment capacities of less than 100 1/s, using the nor-
mal 5% alum solution. For this reason 1% concentrations were generally used
which produced better coagulation, not so much due to the concentration it-
self but because a better, more uniform dispersion of the coagulant was ob-
tained. The influence of the variation of the coagulant concentration on the
efficiency of the plant was not studied. It was also found that the use of
electrical agitators in the alum solution preparation tanks was not justified.
Figure 5-16 shows the results of a comparative study of coagulant dosage and
use in various treatment plants.

Since the lime suspension unit was designed on the basis of the maxi-
mum required dosage, when small quantities are used the suspension is kept
for several days before it is used, which causes it to lose calcium hydroxide
through its transformation into carbonate upon contact with the ajr. It is
important to consider this factor in the application of lime since tests de-
monstrated that freshly-prepared samples had alkalinities (expressed as cal-
cium carbonate) of about 88% due to hydroxides and 12% due to ‘carbonates;
after seven days the values were 47% due to hydroxides and 53% due to carbon-
ates.

Since the normal dosage of alkaline substances is small, the feeders
as designed cannot apply the exact dosage required. '



(JTU)

TORIA

RAW WATER TURBIDITY

ALUM DOSAGE REQUIRED (mg/I)

ALUM DOSAGES REQUIRED FOR DIFFERENT -TURBIDITY | FIGURE
VALUES IN SELECTED WATER TREATMENT PLANTS 516

WATER SUPPLY SYSTEM - PRUDENTOPOLIS




- 120 -

In summary, the problems encountered do not represent obatacles of
any consequence, since they can be easily modified, both in %the present
plant and even more easily in new projects.

F. nggplation-flocculation units

1) Velocity gradients

As indicated previously, the coagulation-flocculation system in-
cludes a mechanical agitator with a vertical axle which can be
rotated at variable speeds (5.6, 7 and 8.4 rpm) in the four com-
partments and paddles whose size can be varied to obtain the fol-
lowing velocity gradients: '

Compartment Velocity gradient s-1
Maximum .  Minimum

1 94 49

2 75 35

3 50 28

4 35 16

 To determine the optimum velocity gradients the results of theo-
retical jar tests were compared, obtaining ideal theoretical val-
ues of G=100, 50, 25 and 12.5 s-1, 1In practice, however, it was
found that equal or greater efficiency was obtained with values
of 68, 50, 43 and 20 s-1, due to the influence of the sludge
blanket combined with a phenomenon of slow agitation (already de-
scribed by Fair and Geyer) caused by a low velocity gradient in ’
the pipes connecting the flocculator with the settler, which could
not be duplicated in the laboratory. The results of these tests
are presented in figure 5-17. :

2) Hydraulic characteristics of the flocculator

The hydraulic behavior of the flocculator was determined by tracer
studies, in this case using sodium chloride in a dosage of 67.8
mg/l during a period equal to four times the theoretical detention .
time. : ' '

The results are shown in figures 5-18 and 5-19. When analyzed
using the theory of Wolf and Reshick (figure 5-20) they reveal
the existence of 65% piston flow, 35% mixed flow and 3% dead
spaces. In addition, from the analysis of the curve in figure -
6-19 it is deduced that only 4% of the flow leaves the tank after
25% of the theoretical detention time (short circuiting) and that
30% of the flow is detained longer than the theoretical detention
time. ' : i
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3) Conclusions

Although the efficiency of the flocculation units cannot be eval-
uated directly nor by the characterization of the type of flow,

but rather in conjunction with the settling units, the results of
the operational experiences demonstrate the high efficiency of the
unit under study, which presents very favorable characteristics

and conditions, especially the possibility of large variations in
the velocity gradients, little short-circuiting and few dead spaces,
simple construction and operation, and above all a highly efficient
flocculation process, which makes it very suitable for water treat-
ment projects. There are some small operational problems, espe-
cially in obtaining a complete coagulation when treating good qual-
ity water (low turbidity), since the required dosages of alum are
equal to or less than 15 mg/l. Using 1% solution this is only one liter
per minute or a few cubic centimeter per second, which makes it dif-
ficult to get a uniform distribution of the solution.

G. Settling units

1) Removal efficiency

With a minimum raw water turbidity value of 17 JTU a maximum value
of 370 JTU, and an average value of 56 JTU, variable color and low
alkalinity, the settled water turbidities were between 0.4 and 10
JTU with an average value of 1 JTU, with removal efficiencies as

~ shown in figure 5-21. It should be pointed out that during 90% of

the time the turbidity was less than 5 JTU which indicates an aver
age efficiency of 98% during the entire period under study. This
performance improved appreciably during the final months of the
study when the average turbidity was 0.75 JTU, 65% of the time the
values were below 1 JTU and 95% of the time they were less than 3
JTU, which indicates an average performance of 99% with overflow

rates of 185 m3/m?/day.

2)

. 3)

The cumulative frequency curve for settled water turbidity, is show
in figure 5-22. o

Comparison of actual and theoretical efficiency

The combination of three settling processes - vertical settling,
sludge blanket unit and high-rate settling unit - together with an
adequate geometrical design and flocculation make' it possible to
obtain an actual efficiency above the theoretical level determined
in the laboratcry during 95% of the time. The average actual tur-
bidities of the settler effluent were found to be 1 JTU, while the
jar tests gave average values of 4.5 JTU. The results of these
tests are illustrated in figures 5-23 and 5-2u4.

Influence of water quality on efficiency

In the normal operation of the plant, the following correlation
was found between raw water quality and settled water quality:
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y = ae bx
the transform of which is
' In"y = A+ Bx-
and with specific values of
logy = 0.61°+ 0.U6 x
with a perfect fit (r2 = 1) for turbidities:éfflesa than 300 QTUf
Figure 5-25 shows the correlation of raw water aﬁdﬁsettléd water

turbidities by month from December through May 1976. Taking all
the values which occurred during the period, an average efficienc)

'of 91% is obtained for water with low turbidity (10 JTU) and 99%

for more turbid water (300 JTU).

In figure 5-26 data on the efficiency of other treatment plants in
Brazil with horizontal flow settlers, is compared with that of the
plant under study, and in figure 5-27 the efficiency of the Pruden-
topolis plant is compared with that of other plants in the Americas.
The performance of the Prudentopolis settling units i$ superior to
all of the other plants cited. o

Influence of the time of operation on the removal ‘fficiency of
the 'settler . ‘ ’

In a study of the efficiency of the plate settler alone, samples of
the influent and effluent showed efficiencies of 20% when the unit
started operating in December and efficiencies of 95% in April.

Figure 5-28 illustrates the variation in performance over time.
This variation could be due to two factors - improvement of opera-
tional conditions and possibly a process of sedimentation self-
interference that improved with time, as well as the production of

_velocity gradients. and perikinetic flocculation conditions which

favor the formation and deposit of the floc.
Hydraulic behavior of the settler

In order to determine the hydraulic conditions of the settler,
tracer studies were done by adding calcium chloride at the floc-
culator outlet. Applying the equations of Wolf and Resnick to
the concentrations obtained at the. outlet of the settling unit

" the following hydraulic characteristics were'obtained: :

71%
29%

Piston flow
" Mixed flow

with a dead space volume of u%.
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Since the sludge zone at the bottom:of ‘the settler accounts for 21%
of the volume of the unit, it can be assumed that mixed flow pre-
dominates in that area, and consequently that pure piston flow pre-
dominates in the zone of upflow and high-rate sedimentation.

Analyzing the.results'using the equations of H. A. Baroudi, the fol-
lowing results were obtained:

Mixed flow = 26%
Piston flow = 38%
Variable flow = 36%

which are more in accordance with the geometrical characteristics.
of the settler. : '

6) Conclusions -

Normal plant operation demonstrated the high efficiency of the set-
tling unit and the viability of applying the theory of high-rate °
sedimentation to water treatment plants of simple design with very
high efficiency. No operational problems whatsoever were encoun-
tered. The parameters which have an important influence on the ef-
ficiency of the settlers include water quality, pre-treatment and
operating time. It was not possible to correlate the efficiency
with the type of flow or the geometry of the settler. Part of the
floc adheres to the surface of the plates and slowly slides to the
bottom of the module. For this reason, the texture of the plate
surface is important. When the settler is emptied, the floc de-
posited in the modules is easily removed.

H. Filtration ‘

Although the results of the evaluation of the filters show a greater
technical efficiency, in general they are similar to those obtained in Cocha-
bamba. Therefore, only the most outstandiag facts and those which complement
the Cochabamba findings will be analyzed here. (Figure 5-29)

The turbidity of the influent water ranged from a minimum of 0.4 JTU
to a maximum of 10 JTU, with an average value of 1 JTU; during 90% of the
time the influent turbidity was less than 5 JTU. (Figure 5-13)

The filter showed high removal efficiency, since the effluent turbid-
ity ranged between a minimum of 0.05 JTU and a maximum of 1 JTU, with an aver-
age value of 0.13 JTU; 90% of the time the turbidity was less than 0.50 JTU.

High turbidity values were due to the presence of oil in the raw water.

Regarding color removal, when the filter influent had between 5§ and 25
CU, the filtered water values ranged from 0 to 2.5 CU. The majority of the.
time (84%) the filtered water presented color valuesbelow 2.5 CU. When the
influent water showed slightly less than 25 CU, the filter water had values
of 5 CU; with high color (more than 45 CU) the filtered water presented val-
ues near 25 CU. This demonstrates a low color removal efficiency for the:
filter when the influent water has color values above 5 CU.
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Tests indicate an average filtration rate of 250 m3/m2/day, which is .
4% more than the average des;gn rate.

The three flltratlon stages discussed in relation to the Cochabamba
filters were also observed in the Prudentopolis plant. Maximum initial fil-
tration rates of 450 m3/m2/day did not affect the quality of the filtered .
water.

Due to effective pretreatment, the water entering the filter had total
influent turbidity values (per run) of 4l to 188 (It;) with average values of
108 and impediment coefflcient whlch varied between 6 0111 and 0.0147 with an
average value of 0.00135 ( e) This yields efficiency indices which
vary between 1 and 2.7 with aberage values of 1.76; the filter runs were rel-
atively long, ranging from 41 to 188 hours, with an average of 108 hours.

The backwashing process using the flow of the other filters is done in
the usual manner, until a backwash rate of 0.60 m/min is reached. This is suf-
ficient to fluidize the filter media and produce an expansion of about 50%.
With backwash rates of 0.69 m/min, the expansion is 65%. Usually, the first
stage of the backwash process takes a relatively short time (1 minute) be-
cause the water inlet valve and the wash water outlet valve are operated
simultaneously.

No problems were encountered in washing the filters; there were no mud
balls nor movements of the supporting bed which demonstrates the uniformity
and efficiency of the washing process.

The special tests and the results of normal filter operation during
the one year trial period that the treatment plant has been in operation have
demonstrated the efficiency and proper functioning of both the filtration
process and the backwashing procedure.

5.4,3 Economic evaluation

A. Construction costs :
According to the initial budget, the approximate cost of the Prudento-
polis water supply system was USS448 000; and the treatment plant cost
Us$6l4 000, or 1u4% of the total cost of the water system. Table 5-5 gives the
breakdown of costs for the different parts of the system.

Comparative price studies done by SANEPAR indicate that the cost of
the plant represents between 40 and 50% of the cost of conventional water
treatment plants of similar capacity which have been built in the area.

Table 5 6 gives the breakdown of costs for the treatment plant itself.
The largest expense (83.3%) was the civil works.

B. Operating costs
The costs of chemicals, electrlclty and wages are considered as the
operating costs, since no other type of expenses (malnterance or repalrs)
were incurred during the research perlod.
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Based on the prevailing local unit prices indicated in table 5-7 and
the disbursements made during the research period, the operating cost is
calculated to be US$13.74 per 1000 m3, as chown in {able 5-8

Table 5-5

APPROXIMATE COST OF THE PRUDENTOPOLIS WATER SUPPLY SYSTEM

% of
Item Cost US$ total cost
1. Collection and pumping 86 000 19
2. Supply line 60 000 13
3. Treatment plant 64 000 14
4. Pumping station 21 000 5
5. Storage 46 000 10
6. Distribution network (ist stage) 151 000 34
7. Miscellaneous 20 000 5
Total 4yg 0co 100
Table 5-6

BREAKDOWN OF COSTS FOR THE PRUDENTOPOLIS TREATMENT PLANT

% of
Item Cost US$ total cost
Civil works 53 300 83.3
Pipelines, valves and accessories 7.000 11.0
Equipment: . chemical feeders, agirators 3 700 5.7
Total 64 000 100.0
~ Table 5-7
UNIT PRICES - 1976
Item Unit Cost US$
Alum ton 108.00
Hydrated lime ton 51.00
Chlorine kg 0.258
Electricity 1000 m3 0,246
Wages man/month 327.00
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Table 5-8

OPERATING COSTS PER 1000 M3

, % of
Item Cost US$ | total cost
Chemicals 2.38 17.3
Electricity 0.24 1.8
- Personnel 11.16 80.9
Total 13.79 100.0

In general, the annual operating cost in US$ can be estimated using

the equation

Co = 11.17 + 2.63 Q

where Q is the capacity.of the plant in thousands of ‘cubic meters per day,
with values between 1000 and 6000 m3/day.

C. General economic data

Basic economic data required by the University of Oklahomz to meet
the final research objective are included in Appendices 5-E and 5-F.
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6. EVALUATION OF THE WATER TREATMENT PLANT OF CUENCA, ECUADOR (RESEARCH
PROJECT No. 4)

6.1 INTRODUCTION

When it became difficult to supply the entire city of Cuenca with
potable water, the Municipality created the Empresa de Teléfonos, Agua
Potable y Alcantarillado (ETAPA). The first activity of the agency was to
conduct a study of the water supply system. Three alternatives for expand--
ing the treatment plant were presented as part of the study: expansion of
the existing rapid filtration plant using conventional methods as described
in a study done by the Instituto Ecuatoriano de Obras Sanitarias (IE0S); the
use of patented methods by requesting bids from foreign firms; and the formu-
lation of a project based on high-rate sedimentation and declining-rate
dual media filters., This final alternative was chosen because of its tech-
nical efficiency and low cost. The project was carried out with advice and
collaboration from CEPIS.

CEPIS was contracted by the University of Oklahoma to evaluate water -
treatment plants de51gned with new technological concepts in order to
determine the degree of adaptability of the new criteria to the prevailing
conditions in the developing countries, and to evaluate the technical
efficiency of the processes involved. The Cuenca treatment plant was chosen
as one of the research sites because of the innovations in its design, the
fact that the basic units of the plant were already constructed and could
be ea31ly evaluated with only slight modifications, and because the socio-
economic characteristics of Cuenca can be considered as representative of -
Latin America. An agreement was signed with ETAPA for the execution of
field research including:

- Study of the general demographic and socio-economic conditions.

- Technical evaluation of the characteristics and efficiency of ‘each’”
unit of the treatment plant.

- Economic study of the initial investments and operation and malnte--w
nance costs.

The results of these studies are described in this chapter.
6.2 GENERAL INFORMATION ABOUT THE CITY

Cuenca, the third city of Ecuador, is located in the Province of
Azuay; its geographical position 1s 79°05' longitude west and 2°49' latitude
south (figure 6-1).

It has a temperate climate with an average temperature of 14°C and
an average precipitation of 864 mm/year.
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The population of Cuenca is 110 700 inhabitants (1975) and it has
been estimated that it will reach 244 000 inhabitants in the year 2000.
Table 6-1 gives the estimated population growth for the city. '
. Table 6-1

ESTIMATED POPULATION GROWTH FOR THE CITY OF CUENCA

Population

Year

Minimum ' Maximum
1970 " 93 563 98. 146
1975 105 276 116 288
1980 118 213 | - 138,138
1985 : 132 716 -~ 164 188
1990 149 015 196 188
1995 167 313 232 138
2000 187 855 274 000

Source: 'Technical Report, Water Treatment Plant, 1970

"

6.3 GENERAL DESCRIPTION OF THE WATER SUPPLY SYSTEM

La Empresa de Teléfonos, Agua Potable y Alcantarillado (ETAPA) is '
responsible for the design, construction, operation and maintenance of the
water supply system for the city of Cuenca. Figure 6-2 shows the basic
layout of the water supply system which has the following characteristics:

6.3.1 Design flow

With a unit consumption of 166 and 220 1/cap/day, the average daily
consumption in 1970 was 235 1/s. The consumption estimated for the year
2000 will be 860 1/z. The coefficient for the maximum day is 1.40. Figure
6-3 illustrates the daily consumption estimates (average, maximum and
hourly maximum).

6.3.2 Sources

The waters of the -Iomepbamba Kiver, a high mountain river, with
gradients above u4%, are being used as a new source of water; the catchment
area above the intakes is small (234 km2?); the land is of glacial origin.
The flow during the dry season is 600 1/s and during the' flood .season it
reaches a maximum of 85 m3/s; the average flow is 3.60 m3/s. (Period of
record = 30 years).

The physical-chemical quality of the waters of the Tomebamba and
Sayausid Rivers is acceptable. No corrective treatment except disinfection
is needed during 76% of the year (278 days). Table 6-2 gives the results -
of representative analyses. : ' '
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Table 6-2
REPRESENTATIVE ANALYSES: PHYSICAL, CHEMICAL, BACTERIOLOGICAL

PERICD 1968-1971  TOTAL NUMBER OF ANALYSES: 49

o ons Max{mun £lood flow Normal £lood: flow Rarmal flow Ninicun | Average| Maximum

- observed | value | abserved

Parameter ‘“"’;5 1 21 3 u 3 6 7 8 3 10 11§ 12} 13 1w ] 15§ 18 17 18 19 20 2 I . 2 value | (Made) | value
Tesperature -1 -1 - -] - -1 -1 -1- - 1| nf 1o 10} 10| 1 12 11 12 1 10| 10 10 10 8 1.2 13
Apparent color soo | 13c] s00] 180 | 30 35| 31| 36 | 120 195 | 5] 13} 15 17 13] 13 15 | 10 9 9 | 10 8 12 0 2.8 600
True color 10} 10] 12 6| 3 3 al 3 3 5 2 1} .1 2 1 1 1 ) 0 0 0 0 0 ° 10 3. 12
Turbidity 350 | 120{ so0| 300 | 25 ) 30| 27] 29| 93 f1s0 12| 11} 10 1} 12| 12 13 ] 10 8 | 10 8 10 6 20.9 500
K 7.5 |77} 7.6 2.6 | 7.3} 2.3f 7.2] 7.9 ] 1.2 {78 [7.3]es |7s (22 e 7s 73 Jre 7w [ 7.7 (78 (72 [ | 703 .5 7.4 7.9
Alkalinity w2 | w3] w2 w2 3| 31| 28] uws | 3| ous | sef 37| e sa | sef so 58 62 s7 ] 60 | s0o | 57 0 o 28 %13 61
* Hardness w | s1] 39 w1 | 38| 30} 27) ws | 30) m s5 | 39 | ss sa] s7| ss ss ss | s2 ss § ss | ss 55 60 27 45,9 N
Soluble iron 1.2 | 0.9} 0.8} 0.7 | 0.1 | o0.1] 0.2| 0.1 }0.01 |o.02 of o fo.02 o] ofo.02 Jo.or Jo.o1 v v v joos | o o ) 0.08 1.2
Colloidal iron | 2.0 { 1.2]| 2.0} 1.8 Jo.ts | 0.5} 0.8' 0.6 |o0.16 Jo.20 ol o fo.as of ofe.s [o.15 Jo.1r Jo.os fe.10 lo.22 620 o ) o 0.17 2.0
3TAL 3.2 | 2.1} 2.8} 2.5 [o.1s ] o0.6] 0.9] 0.7 Jo.17 fo.22 ol o lo.as ol o}o.17 lo.1t6 }o.1s lo.08 Jo.10 Jo.22 |o.2s | o o 0.25 a.
€03 3.5 | 1.5 0.9l 1.2) 1.9 0.7] 1.2] 0.8 | 1.2 ] 1.8 6| of o l17}1sel o o o9 |26 | 22 }2.2] 2.2 ho7e ) ° .80 3.s
Total coliforms ' ' 980 s.758 | 7s.00
uPN 20 396 1.0

- HhT -

Note: A total of 49 analyses were done. “Samples 1-24 are rupresentutive of specific characteristics under. the different flora coaditions;

the number of samples for each condition in proportirnal to the numbs - of total occurrences.



Table 6-3

LEAST FAVORABLE ANALYSES: CHEMICAL, PHYSICAL, BACTERIOLOGICAL

SOURCE: TOMEBAMBA RIVER AND THE NEW COLLECTION SITE

3
Date April Apeil Aped1 Jily July
Parameter 1968 1968 1968 1968 1968
TEMPERATE ©°C 14.5 15 16 13 13
ODOR WHEN COLD E-2 Impercept. Impercept.
APPARENT COLOR 15 10 9 40
TRUE COLOR 9 5 4
TURBIDITY 13.5 8.5 10.5 14 40
pH 7.6 7.7 7.8 7.7 7.3
=============::::::::::===:::==:=r:==:====:==:===============::::::::::::::: ::::::::4:::::3:::::
ALKALINITY PP (Caco3) 31 40 31 3y
HARDNESS P-p (cacoj) 4y uy 50 48 34
CARBON DIOXIDE p.p (C02) 0.9 0.8 1.5 3.5
CALCIUM P.P (ca) 20.5 33.0 11.2
TOTAL IRON PP (Fe) 0.6 0.9 0.6 0.8 0.2
CHLORIDES pP-p (cr) 6 8 8 6.3
SULFATES pP.p.m. (SOy) 10 5 -5 12
SULFITES PP (s03) 0 0
NITRATES PP (NO3) 5 0.6 0
PHOSPHATES PP (POy) 1.9 1.0
SILICA pP.p (S105) 13 12
FLUORINE pP.-p (r) 0 0 0.1
COPPER P.p (Cu) 0 0
CHROMATE P-p (Croy) 0 0
=====:::::::::::::::::::::::::::::::::::::::%:===:::::‘.:::::J:::::::::::::::2:::::::: —_——========
AGAR PLATE COUNT 75 000 23 600 9 800
MOST PROBABLE NUMBER 1 400 460 750
SOLUBLE IRON 2.0 p.p.m.
COLLOIDAL IRON 1.2 p.p.m.
TOTAL IRON 3.2 p.p.m.

- Sh'[-
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During the winter months (January through May) the run-off increases
and the quality of the wat.r deteriorates (as indicated in table 6-3) making
it necessary to remove its color, turbidity, iron content,and to use. stabili-
zation and disinfection processes.

6.3.3 Collection works

‘

These consist of a diversion dam with a caucasian intake. A flow of
900 1/s is taken from the Tomebamba River. There are also auxiliary works
such as grids, grit chambers and a flood weir.

6.3.4 Supply line

The supply line is a new canal of reinforced concrete, 1.00 m deep,
0.60 m wide, and 1 820 m long, with gradients of approximately 1% and a
capacity of 838 1/s; the old canal with a capacity of 789 1/s is 8 200 m long
Complementary works include the pass over the Sayausid River, two large
siphons with five 20" cast-iron pipelines, and two grit chambers.

6.3.5 Treatment plant

The present treatment plant (figures 6-4 to 6-15) is the result of
modifications and additions to a conventional type rapid filtration plant,
and its characteristics are as follows:

A. Design flow :
860 1/s which under normal conditions could meet the maximum daily
consumption demand in 1994,

B. Flow measurement and prechlorination
Flow is measured using a Parshall meter; two Wallace and Tiernan
chlorine gas chlorinators can pPOVlde up to 10 ppm of chlorine to remove
iron and some of the color. '

C. Feeding and mlxlng : _ .

Aluminum sulfate and lime are used. The equipment consists of Pivet-
- type tower for saturation feeding of alum cake and a suspension unit and
piston pump feeders for lime.

A hydraulic jump with a veloclty gradient of 1 281 s-! and a detentlonﬂ;
time of 6 seconds is used for rapid mixing.

D. Flocculation
Flocculation takes place in four hydraulic flocculators of horizontal
. flow and vertical baffles, producing V81001t¥ gradlents of 250 s~ -1 at the in-
let, 35 s~ -1 in the first third, 25 and 15 s~* in the other thirds. The total
detentlon time is 22.5 minutes and the mean velocity is 0.24 m/s. The canals
are 3.50 m high and their width is variable; each flocculator has a total area-

of 600 m2.
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~ The flocculators are connected to the sedimentation tanks by a
peripheral canal whose section is 1.80 x 1.00; at all points bciween the
flocculators and the sedimentation tanks the velocity is maintained below
0.1C m/s and the velocity gradients are less than 15 s-!.

E. Sedimentation
Sedimentation takes place in a cenventional settling tank with
horizontal flow and in two high-rate settling tanks. .

1) Conventional settling tank:

Treatment capacity - 73 1/s

Overflow rate - 30 m3/m2/day

Average length - 21.50 m

Average width - 10.00 m

Average depth - 4.00 m ,
Sludge storage capacity, ~ 20% of the settling
tank volume

. 2) High-rate settling units:

The inlet is a channel with orifices in the bottom where the water
velocity is 0.10 m/s; the velocity gradient in the orifices is

15 s~1. A transition zone between the inlet and high-rate settling
zone represents 30% of the total volume.

The high-rate settling zone is filled with flat asbestos-cement
plates, 1.22 m long, set at an angle of 60° with 6 cm between plates.

Overflow rate - 135 m3/m?/day
detention time in the cells - 6.17 minutes
Reynclds number - 176

The water is collected in peripheral canals located along the sides
and at the end of the settling tank, with an overflow of 5 1/s/m and a
head loss iIn the entire length of the canal of 2.5 cm.

F. Filtration o
Filtration takes place in eight dual media sand and anthracite filters.
These are declining rate filters with influent flow divided between two
batteries of four filters each with the following characteristics:

Area of each filter '~ 25 p2

Maximum filtration rate - 240 m3/m2/day

Maximum turbidity’of influent water - 15 JTU

Maximum turbidity of effluent water - 1 JTU
4

The drainage sysyem uses perforated pipe in which the following
conditions are produregf:
/
Velocity of water entering the orifices - 0.10 m/s
Velocity.of water inthe drain - 0.20 m/s |,
Velocity in the clear water canal - 0.34 m/s



At the end of the clear water canal there is a compensatory chamber
with a detention time of two minutes, in which a weir is located to control
the rate of flow through the filters.

The auxiliary submerged washing system is located in the anthracite,
5 cm above the sand and it has the following characteristics:

Wash velocities - 3 l/s/m
Washing time - 4 minutes
Pressure in the nozzles -~ 2 kg/cm2

The necessary pressure and flows are obtained by means of an inde-
pendent network connected to a hydropneumatic system. The normal back- -
washing of the filters is done by the conventional method using reverse
flow and water velocities of 0.6 m/min. For this purpose the plant is
provided with a tank which allows the continuous backwashing of up to two -
filters.

G. Disinfection , A
The water is disinfected by means of two V-800 chlorinators of the
chlorine gas solution type, with automatic proportioning control and
automatic residual chlorine indicéator and recorder.

H. Fluoridation
Sodium silico-fluoride is added in amounts of 1 mg/l by means of a
volumetric dry feeder with a helicoidal feeding system.

I. Stabilization
In the outlet weir of the fllter canals sodium carbonate ‘is added to .
stabilize the water, using a solutlon feeder with' two dlsplacement pumps.

6.3.6 Distribution and storage system

The distribution system is made up of three sub-systems called upper,
medium and lower, because of the topographlnal elevation, which have a total
of approx1mately 20 km of supply mains with diameters between 12 and 20",

65 km of main pipelines with diameters between 6 and 12" and 150 km of
secondary pipelines with diameters between 2 and 4", When nperating at full
napacity the system will supply 150 000 household connections.

The storage system presently includes five underground tanks with a
. total capacity of 6 000 m3. When completed the system will have 13 tanks
with a total storage capac1ty of 18 000 m3,

6.3.7 Contral systems

The flow, pressure and levels in the distribution and storage system
will be controlled by sensors and measuring devices installed at critical
points in the systems and connected to the city telephone system, which
transmits operational and recordlng signals to the central system located in
the water treatment plant, in order to achieve automatic operation of the
systems.
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Additionally, there are automatic recuiucio \iurbigaty, color, pH, alka-
linity) at the inlets and outlets of all treatment units. The chemical '
feeders (coagulants, pH adjusters, fluorides, pre and post-chlorination)
also have automatic recorders.

6.l RESEARCH STUDIES

Research was carried out on the following aspects: determination of
the general characteristics of the city, technical evaluation of the treat-
ment plant, and economic evaluation 6f plant construction, operation and
maintenance costs. ‘ '

B.4.1 General characteristfics of the city

In order to fulfill the principal research objgdtive of the University.
of Oklahoma, information on the following topics was gathered using a survey °
questionnaire:

A. Identification of the city and institution resbonsible_for water
supply services; ‘ '

B. Technological and demographic data;
C. Basic socio-economic data.
The results are included in Appendices 6-A and 6-B.

6.4.2 Technical evaluation

In the studies conducted in the Cuenca water treatment plant special
emphasis was given to the determination of the characteristics that influence
the performance of the high-rate settling units, carrying out a series of
tests in the laboratory and pilot plant, and verifying the results during
the normal operations of the treatment plant. :

A. Raw water quality

The results of the analyses correspond to the period between May and
July which is the begiuning of the dry season; during this time no important
water quality deficiencies were observed.

The main problem was color which ranged from 10 to 70 CU with an
average value of 15 CU. The turbidity ranged from 5 to 27 JTU with an average
value of 16 JTU; the pPH was between 7.1 and 7.4; the alkalinity was low,
varying from 20 to 50 mg/l with an average value of 33 mg/1l. '

The results of the principal parameters are included in table 6-4.
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Table 6-u4

\TER CHARACTERISTICS

Parameter Min. Max. Aver. Units
Color 10 70 15 Cu

Turbidity 5 .27 15 JTU
pH . 7.1 7.4 . 7.3

Alkalinity 20 50 33 mg/l
Hardness 25 52 34 mg/1
COsp 0.88 2.4 1.76 mg/l
SOy 5 : 10 7 mg/1
Ca 4 20 45 30 mg/1
Si0, 10 12 1 mg/1
Fe (total) 0.1 0.6 ) 0.2 mg/1
Chlorides _ 0.0 2.0 0.5 ~ -mg/1
Temperature 8 12 10 - °C

B. Chemical feeding,

Color‘removal was the main treatment problem,and to a lesser degree
the removal of turbidity and iron (present in the colloidal state). Aluminum
sulfate was used as the coagulant, and the influence of the addition of clay
"nuclei" and sludge’ dep081ts was studied.

1) Optimum pH

Laboratory tests demonstrated that the optimum pH range for coagu-
lation is between 6.5 and 7.1 (the average of 38 experiments as
illustrated in figure 6-16), depending on the predominance of
color or turbidity. In general 6.7 can be taken as the mean
value. Pre-chlorination is used for iron reduction with chlorine
dosages ranging from 1.0 to 2.5 mg/l. The results are shown in
.Figure 6-17. .

2) Relation of coagulant dosage and raw water quality

From the initial jar tests whlch were verified during normal plant
operatioi, a clear correlation was obtained between raw water
turbidity and alum dosage, with equations of the type y = a + b.Lg(x):
The results of these tests are illustrated in figure 6-18. -

3) Influence of nuéigi

Since the water is ielatlvely difficult.to treat because of its
~ low turbidity, color end alkalinity, large dosages of coagulant
are needed to produce good flocculation. Therefore, the 1nfluence
of clay nuclei and sludge-deposited in the settling units was -
studied, using the same water quality and coagulant.dosages. The -
turbldlty removal eff1c1ency of the coagulation and sedlmentatlon processes
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{improved notably from 84.6% to 94,5% and 96.2% with the addition
‘of sludge and clay respectlvely in laboratory tests, and from
'51.9% to 93.2% with sludge in the plant itself.

The performance of the clarification process as a whole also
‘improved from 92, 3% to 95% and 97.7% with the addition of sludge
and clay respectively. Table 6-5 gives the results obtalned in.
the laboratory tests and during normal plant operation.

Table 6-5

CHEMICAL DOSAGE TESTS

SERIES I - WITH ALUM AND LIME (OPTIMUM PH = 6 9)

a) Jar tests

Characteristics Units Water - ‘ Efficiency

) Raw | Settled | Filtered | Settling | Filtration
Turbidity JTU 13 2 1 84,6 92.3
Color cu 35 10 7 71.4 80.0
Alkalinity mg/1 28 22 22 - -
pH 703 669 609 - -
b) Treatment plant
Characteristics Units Water Efficiency

Raw | Settled | Filtered | Settling | Filtration

Color Ccu 52 25 8 51.9 84.6 -
pH 7.3 6.9 6.9 - -

SERIES II - WITH ALUM,

a) Jar tests

LIME AND SETTLED SLUDGE (OPTIMUM PH = 6.9)

Characteristics Units Water : Efficiency

Raw | Settled | Filtered | Settling | Filtration
Turbidity JTU 13 " W5 .3 96.2 97.2
Color Cu 35 5 4 5.7 88.6
Alkalinity mg/l 28 30 30 - ¢ -
pH 703 6-9 . 6.9 - -




b) Treatment plant

- 1867 -

Characteristics Units Water Efficiency

Raw Settled Filtered Settling Filtration
Turbidity JTU 15 1 0.36 93.3 97.6
Color Cu 24 8 - 66.7 79.2
Alkallnlty mg/1 u5 30 30 - -
pH : 7.3 6.9 6.9 - -

SERIES III - WITH ALUM, LIME AND CLAY (OPTiMUM pH 6.8)

a) Jar tests

Characteristics Units | . Water , Efficiency

Raw Settled JFiltered. Settling Filtration
Turbidity JTU 20 1.1 1.0 ay.5 85.0
Col CuU 3e 8 y 78.9 89.5
Alkalinity mg/1 30 28 28
pH 7.1 6.8 6.9

C. Rapid mixing, coagulation and flocculation

Since the mixing, coagulation and flocculation units are of conv-ational

design, they were not evaluated directly, but rather indirectly through heir

influence on the high-rate settling units.

Before the plant was expanded, two series of tests were run to determine
the optimum flocculation conditions (detention time and velocity gradients).
In the first series velocity gradients were kept constant; in the second
series variable velocity gradienis were used.

obtained with variable velocity gradients of 35, 25 and 15 s~!

D. Settling units

1) General efficiency

Greater efficiencies (94%) were

(figure 6-19).

With relatively good raw water quality (turbidity between 5 and
27 JTU with average values of 16) the settled water turbidity

ranged between 1 and 4 JTU with average values of 1.76 JTU.

This

represents an average efficiency of high-rate settler of 88.9%
Figure 6-20 illustrates the
removal efficiency achieved by the high-rate settlers.

with overflow rates of 120 m3/m2/day.

In laboratory tests, with raw water turbidities between 13 to 20 JTU
(with the same settling velocity as in the plant) settled water
These correspond
to performances between 84.6% and 96.2% with an average value of

On the other hand, the average turbidity of the settled
water in the plant was 1 JTU and the average performance was 84, 6%.
Therefore, the actual settling efficiency was 8% less than that |
obtained in the, jar tests. '

turbiditiés between 0.5 and 2 JTU were obtained.

91.77%.
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For color removal, the efficiencies obtained in the normal plant
operation were lower than those obtained in the laboratory tests.
With raw water color between 24 and 52 CU, laboratory testis produced
settled water with values ranging between 5 and 10 CU, which is
equal to an average performance of 78.67%. In the plant these
values were between 8 and 15 CU, with an average performance of
67.67%. Thus the actual performance of the settling units for color
removal under the conditions of the study is 14% less than the
theoretical efficiency as determined in the laboratory.

Comparative study with conventional settlers

. Parallel tests of the performance of the two high-rate settlers

3)

and the conventional horizontal flow settling unit were run using
water of the same quality. The comparative efficiencies are
indicated in figure 6-20. While the high-rate settlers operate
with overflow rates of 120 m3/m?/day, and a performance of 88.9%,
the conventional settling units, operating with overflow rates

of approximately 25 m3/mé/day, produce water with between 1 and
4.6 JTU of turbidity, and average values of 2.63 JTU, and have an
average performance of 83.6%. In other words, the high~-rate
settlers, operating with overflow rates five times greater than
the conventional unit, are 7% more efficient.

Influence of water quality

Unfortunately, during the period under study the variations in
turbidity were not great enough to establish a correlation equati
between the water quality and the efficiency of the settlers. Th
turbidity removal efficiency for raw water turbidity values between

6 and 19 JTU was 88.9%.

In only one case, which occurred prior to the peribd under study,
the water had a turbidity of 1 500 JTU and $ettled water turbidity

. values of 5 JTU were obtained, indicating a 99.7% efficiency.

T y)

5)

These data lead, to. the general conclusion that the. efficiency of

‘high-rate settlers is proportional to the solid content (turbidity).

Influence of the type of plates

In the pilot plant a study was conducted of the efficiency of three
types of modules - flat and corrugated parallel plates, and tube
modules - all of which had a relative length (1/d) of 20. With
the same water quality, better turbidity removal was obtained with
the flat parallel plates. The results of the efficiencies for the
various modules and overflow rates are shown in-figure 6-21. -

Influence of fhe relative length of the plates.
In the pilot plant a study was also made of the influence'df the

equivalent length (1/d) in the performance of settlers with flat
and corrugated parallel plates using different overflow rates.
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It was found that éff1c1ency 1ncfeases'ﬁlth'greateﬁ'relativé'léngths
as shown in figures 6-22 to 6-24, but lengths igreater than 20 would
not be justlfled because the cost would jump con81derab1y without

" a proportional 1ncrease in efficiency.

6)

7)

Influence of coagulation

Both laboratory tests and pilot plaﬁt'Stﬁdles, as well ag the
normal plant operation, indicate that the coagulation process- is
the predominant {3ctor influencing the performance of the high-
rate settler. Wivhout flocculation with raw water turbidities of
76 JTU, the removal efficiency was around 15%, while with optimum
coagulation the efficiency rose to 92% (for overflow rates of

120 m3/m?/day). :

Figures 6-25 shows the variation.of the éfficienéy'of an experimen-
tal plate settler as a function of the overflow rates and water
quality.

Filtration

Studies carried out prior to the modification of the plant inci..lad
a series of comparat1v= tests of two groups of four conventional
rapld sand filters. The first group of filters, operated with a
constant filtration rate of 170 m3/m2/day, produced a flow of .

120 1/s with an average turbidity of 3.5 JTU; in the second group
the rate-of-flow controllers were removed, allowing the filter to
operate at a variable rate. In this case, an average flow of 160 14
was obtained and the water quality improved to 0.5 JTU.

Analysi. of investments and economic evaluation

Construction cost

The approximate cost of the Cuenca water supply system at the pre-

stage was estimated (1970) to be USS$y 195 000, 38% of which
corresponded to a preliminary study of conventional rapid filter treatmeDﬂ
plants with a reference cost of US$1 600 000. Table 6-6 gives.the ref‘m nre
values for the different components of the water supply system.

Table 6—6

COST SUMMARY OF THE PRE-PROJECT FOR THE CUENCA WATER SUPPLY SYSTEM

Work Value US$ %
Collection works 10 000 1
Supply line 145 000 3
Preatnent 1 600 060 F 1]
Storage 360 000 . 8
Distribution network 1 000 000 2y
Household connections 1 000 000 -2y
Expropriations 40 000 1
Miscellaneous 40 000 - 1
Total - . % 195 000 100 ¢



http:variation.of

- 173

e

>

-

<

>

(®)

=

w

@

P

=

Q

m

g .

- INFLUENT TURBIDITY
90- 96 PP.M. ’

6 - 60

NORMAL FLOC

100 200 300 400 800 600

PERFORMANCE OF PARALLEL-PLATE SETTLERS

WATER SUPPLY SYSTEM - CUENCA' "




- 174 -

% )

(

.|
<
>
f 0 ’
s
W
S of
-
[aY
| 2
INFLUENT TURBIDITY 96 PPM = ‘
904 e =60 - . olo
NORMAL FLOC
0 + t + = = y
100 200 300 400 - 800 600 E
‘ m3/n'i2/doy
o . ... |FIGURE
PERFORMANCE OF CORRUGATED — PLATE SETTLERS

WATER SUPPLY SYSTEM - CUENCA

6-23

)




- 175 -

100
] i )
90
7| 3
A
7
//
80 e
// o
' & L ¢
Ay P / — T B
L
| / "
- /7
7/
60 7
>
(& /a
z
i /
G 50 /
™
™
w
40
0% 12345678910 15 20 2
'RELATIVE LENGTHS L= 1/d
: &
-

VARIATION OF EFFICIENCY AS A FUNCTION .OF THE
RELATIVE LENGTH OF THE PARALLEL PLATE MODULES

WATER SUPPLY SYSTEM - CUENCA

FIGURE

6-24




- 176 -

d= Scms
| Lels 20
d

9

° AVERAGE TURBIDITY = 76 PPM .
e QURVE  FLOC

- DEFICIENT

3 NORMAL

- OPTIMUM

2 @  WITHOUT FLOCCULATION
. E ' AVERAGE OF DATA FROM 3 TESTS

-

g

S

o

n

w

@

L R N I B
120 240 360 480 600 ,
OVERFLOW RATE 1/s/m?
PERFORMANCE OF THE PARALLEL PLATE FIGURE

SETTLERS - PILOT PLANT

6-25 |

WATER SUPPLY SYSTEM =~ CUENCA




- 177 -

Subsequently, ETAPA made a detailed study of three alternatives for
expanding the treatment plant from a capacity of 240 to 870 1/s.

1) Use of conventional methods at a unit cost of US$ 3 233 per 1/s;
2) Use of patented methods, at a unit cost of US$ 2 221 per 1/s;
3) Use of new treatment methods at a unit cost of US$ 889.30 per 1/s;

This means that by applying new technology to the modification of
existing plants, it is possible to design projects at 27% of the cost of
conventional methods or 40% of the cost of patented processes.

The total cost of the water treatment project reached US$ 560 294,00
(1972) distributed in the following manner: 36% for the purchase of imported
construction equipment, machinery, pumps, feeders, chlorinators and pipelines;
30% for local purchases and materials; 23% for labor, 6%.for miscellaneous
and unforeseen expenses; and 5% for management and administration.

B. Basic economic data requested by the University of Oklahoma are
included. in Appendices 6-E and 6-F.

4.4 Conclusions

R. From the technical point of view it is possible and advisable to' use
new design criteria when expanding water treatment plants, since in general
better quality water can be produced at overflow rates 3 and 4 times greater
than those. of conventional plants being operated under normal conditions in
Latin America. -

B. It is pdssible to design treatment plants that are easy to operate '
and maintain by adapting advanced technology to the socio-economic conditions
and levels of industrial development in Latin America.

C. From the eccnomic point of viéw, appreciable savings (73%) are obtained
in comparison with the cost of expanding or modifying treatment plants using
conventional technology.

D. Since the technical and economic viability and particularly the
advantages of using new technology in expanding and modifying treatment plants
.. have been demonstrated, the principal parameters that influence the efficiency
- of high~rate settlers were studied in order to obtain design criteria for new
treatment units, such as the influence of pre-treatment, overflow rate, water
quality, type of module and the relative length of the module.

E. It is not possible to do a detailed evaluation of the efflclency of the
plant or the filtration process because ETAPA has not vet completed the
technical evaluation ‘studies.



-'178 -

7. CONCLUSIONS

Based on the evaluation of normal operations of-four water treatment
plants designed with new technological criteria, as well as special tests
conducted to determine the response of the reactors to variations in flow and
comparative tests run' in the laboratory or in pilot plants, the following
conclusions were obtained:’

7.1 GENERAL TECHNICAL-ECONOMIC CONCEPTS

7.1.1 New technological criteria for water treatment plant design can be
used successfully to produce very compact and simple solutions.

7.1.2 The new technology implies, in general, the use of higher unit
loadings than those used in conventional designs (standards), which

results in smaller and less-expensive plants (US$ 900 to 1 200 per liter per

second), or in the possibility of increasing flow rates. in plants designed.

with conventional criteria, by making minor modifications at a cost of

US$ 800 to US$ 900 per liter/second. This represents savings of 60-70%.

7.1.3 The épplication of new technological design criteria is not limiteda by
the size of the plant, but rather by raw water quality.

7.1.4 The new technological concepts that lead to "low-cost' solutions also

imply the simplification of the processes and operation of the reactors
making them more appropriate for countries in the initial stages of industrial
development,

7.1.5 It is possible to eliminate the need for mechanlzed equlpment by u51ng
hydraulic controls, which produces considerable savings since local

non-skilled construction workers can be used and imported materials are

practically eliminated. '

7.1.6 When using appropriate technological criteria, design parameters must

be obtained by laboratory tests, instead of using conventional
standards and parameters. This leads to specific solutions with greater
technical efficiency than that generally obtained, at greater cost, using
conventional procedures and parameters (standards) '

7.1.7 The optimizution of processes results 1n‘a reductlon in the amount of
chemicals required, thus reduclng operating costs.

7.2 CHEMICAL FEEDING

7.2.,1 The fbllow1ng correlatlon tendencles exist between watep quality and
coagulant dosage::
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8. With low turbidities (less than 10 JTU) large amounts of coagulants
are required since coagulation is produced as the metal hydroxides
drag down the suspended particles.

B. With average turbidity values between 10 and SO JTU, there is a
correlation expressed by the equation:

y = a+ bx
coagulant dosage

raw water turbidity
specific constants for each type of water.

where

nunu

y
X
a and b
C. With turbidities above 50 or 100 JTU the correlation is expressed by

the equation:
y = a + b log(x)

7.2.2 It is possible to obtain the same accuracy using solution or saturation

feeders of simple design as with the dosing equipment normally used in
conventional water treatment plants. This helps simplify the construction and
operation of the plants and minimize their cost.

7.2.3 The use of saturation feeders makes it possible to use inexpensive

chemical compounds of low purity which are available locally, thereby
simplifying the operation while obtaining the desired performance by preventing
the polymerization of the coagulant. When used in small treatment plants with
very small flows (daily capacity of 1 000 m3), the dosage is not exact.

7.3 RAPID MIXING

7.3.1 Rapid mixing is influenced mainly by water quality characteristics
(suspended solids, temperature) and by the characteristics of the
reactors (detention time, velocity gradients), whose relation is expressed by

the equation:
G.T.Ch=K

" where G = velocity gradient
T = detention time
C = coagulant dosage, which is a function of water quality
(n),(K) = specific constants, different for each type of water.

7.3.2 Apparently, the hydraulic gradient is important not only in the mixing
unit, but in the sequence of gradients downstream,

7.3.3 High velocity gradients (1 000 to 2 000 s”1) in the mixing units produce
smaller but more compact floc, which is easier to settle and especially
to fiiter, thus producing better quality water. - '

7.3.4 Very high velocity gradients (> 2 000 s~1) hinder the formation and-:{.”
appearance of the floc in the flocculation units, causing a decrease
in efficiency in these units by modifying their effective detention times.
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.7.3.5 Apparently, high mixing gradients are required for relatively clear
' waters and lower gradients for turbid waters (with the same detention

time).

7.3.6 Apparently mixing units with a predominance of piston flow (hydraulic

units) are more efficient (larger agglomeration factor) than mechanical
units (retro-mixing type). Hydraulic units are also more economical and
simpler to operate and maintain.

7.3.7 The point of injection of the chemicals is very important.

7.3.8 The use of the average velocity gradient as the only element to measure
the efficiency of a mixing reactor seems to be inadequate. '

7.3.9 Different velocity gradients should be used with different types of
mixing systems. o

7.3.10 Proper characterization of the mixing unit can reduce the amount of
coagulant required and, in addition, can modify the flocculation units.

7.4 FLOCCULATION

7.4,1 In flocculation, water quality is important (physical characteristics

such as suspended solids and chemical characteristics such as alkalinity
pH, etc.) as well as the characteristics of the reactor including hydraulic
gradients, detention time, types of flow, short-circuiting, dead spaces, number
of units, ete.

In general, the relation between the main parameters can be expressed
by the equation:

G T =K
where G = velocity gradient
T = detention time
(n) and (K) = specific constants depending on water quality.

7.4.2 1In general, high —2locity gradients are required for relatively clear

waters and lower gradients for turbid waters (with the same detention:
time). This fact should influence the selection of the type of flocculator
to be used.

7.4.3 Both the hydraulic flocculators (Cochabamba and Cuenca) and the

mechanical type (Prudentopolis) demonstrated high efficiency. Thus,
the efficiency does not seem to depend on the type of flow, but rather on
other factors and conditions indicated previously, in addition to the
geometric characteristics of the reactor which can permit short-circuiting
or dead spaces. '

7.4.4 The efficiency of a flocculator as related to the detention times is

expressed by a parabolic curve for a specific velocity gradient. Each
velocity gradient has its own optimum efficiency value and an optimum '
detention time.
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7.4.5 Maximum flocculation efficiency is obtained with a hyperbolic
correlation of the velocity gradients and detention times. .

7.4.6 The flocculation process has a considerable influence oh the rest of
the treatment process, i.e. sedimentation and filtration.

7.4.7 Tracer tests are useful to define the type and conditions of flow,

 but they do not reveal the trajectories of the particles. They are
useful for giving an approximate idea of the performance of these units by
evaluating short-circuiting and dead spaces.

7.5 HIGH-RATE SEDIMENTATION

7.5.1 The use of high-rate sedimentation in water treatment plants makes it
possible to obtain very economical and technically efficiert solutions
which are easy to operate and maintain.

7.5.2 In two treatment plants (Prudentopolis and Cochabamba) the results

obtained were superior to the laboratory results (95% and 42% of the
time respectively) with efficiencies of 99% and 95%. In the case of Cuenca,
the efficiency was 8% less than that obtained in the laboratory tests.

7.5.3 In comparative tests of high-rate settler performance with cverflow
rates five times greater (120 m3/m2/day) than conventional settling
units (25 m3/m?/day) the high-rate settler performance was 7% greater.

7.5.4 According to the tests, high-rate settlers with parallel plates are

more efficient than tube modules, and the latter are more efficient
than corrugated plates. The respective efficiencies are 89%, 78%, and 68%
with overflow rates of 120 m3/m2/day. : '

7.5.5 1In all types of high rate settlers, efficiency decreases as the

overflow rate is increased. A 500% increase in overflow rate produces
a relative decrease in efficiency of 50%. With loadings of 120 m3/m?/day an
efficiency of 90% is easily obtainable; with 500 m3/m?/day efficiencies of
around 60% were achieved. .

7.5.6 The efficiency of the high-rate settling units varied directly as a

function of suspended solids. With relatively clear waters (less than
20 JTU) efficiencies of 88.9% were obtained. With high turbidity (1 500 JTU)
efficiencies of 99.7% were achieved.

7.5.7 The factor which has the greatest influence on high-rate sedimentation
is pretrea*ment. With proper pretreatment and overflow rates of

120 m3/m?/day, efficiencies of 90% can be obtained. If flocculation is poor,

the efficiency decreases to about 40%.

7.5.8 According to the tests carried out in Prudentopolis, there is an
appreciable increase in efficiency as a function of time. In six
months of operation the efficiency improved from 20 to 95%.
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7.5.9 One cf the factors that influences the performance of high-rate

settlers is water temperature (a factor not normally con51dered in
plant design) since in Cochabamba it was found that variations 1n temperature
“of 7°C caused reductions in- eff1c1enc1es from 91 to 82%.

7.5.10 The influence of geometric factors (type of cross section, relative ,

length and inclination) on high-rate settler performance was verified.
The results obtained are in agreement with the theoretical postulates which
state that settlers with flat parallel plates are the -most efficient and the .
most economical (30% of the cost of conventional settling units); relative
lengths greater than 20 are not economically justifiable; and an inclination
of 60° produces a downward movement of the floc deposited on the plates.

7.5.11 Tracer tests are useful for defining the flow conditions in the settlers
but they do not indicate the trajectory of the particles. By defining
dead spaces and short-circuits, evaluation. criteria can b obtained indirectly,

The tracer tests run in the settling units in Ccchabamba and Cuenca
show a large percentage of dead spaces (40%), which leads to the conclusion
that in designing new water treatment plants it is not advisable to use the
same geometric forms for high-rate settlers as for conventional settlers.

7.5.12 When running tracer tests, it is advisable to apply small amounts of
the tracer during a period equal to at least 1/60 of the theoretical
detention time before beginning the test. The injection of the tracer
substance should also be done over a period not less than 1/60 of the
theoretical detention time in order to get the most accurate results possible.

7.5.13 It does not seem advisable to use sludge deposit zones with slopeﬁ of
less than 60°, in order to eliminate dead storage spaces.

7.5.14 Although variations in water temperature have a great influence on the
efficiency of high-rate settlers, it seems that these are. more stable
in the face of variations in overflow rates or water quality. .

7.5.15 High-rate settlers do not present special construction or operational
problems, and should be considered for low-cost projects in developlnr
countries.

7.6 TERMINAL FILTERS

7.6.1 Dual-media filters

A. The superiority of dual-media (sand and anthracite) filters in comparison
with conventional sand filters was verified. "Higher filtration rates
(186 m3/m2/day) were obtained with better quallty effluent (in general less
than 0.50 JTU).

B. Longer filter runs (an average of 65 hours) can be obtained w1th
dual-media filters.

C. The head loss in dual-media filters is less than 1n conventlonal rapld
filters using only sand or anthracite.
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D. With high flow rates, the filter is very sensitiﬁe to a greater
penetration of the floc and there is a tendency to sudden fllter bed .
breakthrough.

7.6.2 False bottom and supporfiﬁg layer

A. Prefabricated false bottoms were found to be'efficient both from the
structural and hydraulic point of view, producing a good distribution
of wash water.

B. The use of plastic balls filled with cement for the supporting layer
was found to be inefficient, since the filling process is inadequate
because low abrasion values cause the plastic to break.

7.6.3 Declining-rate filtration

A. Tests conducted prior to the construction of the: Cuenca plant, as well
as the normal operation of declining-rate filters in the plants in
Prudentopolis and Cochabamba demonstrated the high efficiency of this type
filter, which is capable of producing greater amounts of water (more than
150%) than conventional filters with a better effluent quality (0.50 JTU) at
a lower construction cost. This statement is valid for filters with or
without a final control weir.

B. Three characteristic stages are produced in each filter run:

1) Increa51ng - with normal flow rates from 325 to 375 m3/m?/day and
a maximum of 450 m3/m2/day.

2) Decreasing - with flow rates declining from 375 to 50 m3/m2/day.
3) Relatively stable - with flow rates between 50 and.30'm3/m2/day.

A correlation is established between the variation of head loss, water
level in the filter units and variation in effluent water quality. There is
a definite possibility of optimizing the process in such a way as to reach
simultaneously the minimum flow rate, use of maximum available water level,
and the limit of water quality. This is feasible by adjusting the conditioning ¢
processes (coagulation, flocculation, and sedimentation) to regulate the size
and strength of the floc.

7.6.4 Filter backwashing with the flow of other units

A. The possibility of backwashing a filter with the flow of other units
working with declining rate was verified. This procedure s1mp11f1es
operation and reduces construction costs considerably.

B. Three characteristic stages are produced during backwashing:

1) Increasing backwash rates from 0 to the maximum value (usually 0. 60
m/min) with a duration of 1 to 5 minutes.
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" 2) Once the maximum rate is reached, it remains constant for a period
+ of not less than 10 or 12 minutes,

3) Recovery period.

This sequence of backwash rates produces normal expansions of 40% and '
the fluidization needed in this type of filters (dual-media).

When one filter is washed, the other units experience three stages of
flow variation (which is inversely proportional to the number of units and is
distributed in proportion to the filtration rate existing in each unit):

1) Increase of flow to a maxi mm of 30% of the filtration rate in the.
unit when the backwashing is started.

2) Stabilization of flow at the maximum.

3) Recovery which takes two or three times as long as the backwash
time.

C. Backwashing produces an initial reduction of 0.20 JTU in the quality
of the filtered water. Half of this loss is slowly recovered until
the final deterioration is 0,10 JTU.

D. No mud balls were found in the filters, which have been operating for
more than one year. There has been no appreciable movement of the
supporting gravel bed.

E. There should be a minimum of four fiiters for the procedure to operate
smoothly.

By using the above-mentioned concepts (multi-media, prefabricated
false bottoms, variable filtration rate, nydraulic’ control, backwash with
flow from other units) it is possible to produce solutions with high technical
performance which are easy to build and operate and, above all, very economical.
It has been verified that with the use of the above-mentioned . solutions it
possible to completely eliminate the filter gallery without producing a
deterioration of water quality. On the contrary, the result is more and
better quality water. ‘

7.7 DIRECT FILTRATION

7.7.1 It was verified that with good quality water (less than 50 units of

turbidity and color) the use of direct filtration or contact units
constitutes a more efficient (more than 99.7% removal) solution than
conventional processes and the construction cost is lower. In general, the
effluent has turbidity values below 0.50 JTU, except at the beginning of the
run when the turbidity is slightly more than 1 JTU for a short time.

7.7.2 It is possible to use direct filtration with up to 100 units of color
and/or turbidity. In this case the removal efficiencies are greater
than 96%. Beyond this limit, the effluent quality deteriorates considerably.
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7.7.3 The suitability of using upflow filters in contact unlts was
demonstrated.

7.7.4 The effluent quality was not affected by loadings of up to 260

m3/m?/day. There seems to be a correlation bhetween the existing
velocity gradients and the efficiency of the contact unit. There could be ,
an optimum velocity gradient that would produce maximum efficiency, but this
factor was not studied in detail nor is it usually considered when de31gn1ng
these units. .

7.7.5 Apparently, lower coagulant dosages are required than in conventional
plants (coagulaticn - flocculation - sedimentation - filtratio;)..

7.7.6 Average filter funs of 30 hours, with maximum valies of 60 hours are
obtained.

7.7.7 A greater amount of wash water is required than is normally used in
rapid filters. A longe: washing time is also needed, usually twice
the normal time, : - :

7.7.8 With these units there is a danger of fluidization of the filter bed,
which would produce a noticeable reduction in filtered water quality.
Very careful operation and control-is needed to avoid this problem.

7.7.9 There is a danger of mixing the wash water with the filtered water.
Careful operation is also required to prevent this problem.

7.7.10 This solution is cheaper than conventicaal treatment methods because
it involves fewer processes and consequently requires a smaller area.

7.8 PERSONNEL

7.8.1 The adoption of solutions based on new technological criteria brings
with it the need for greater specialization of the professional staff
in charge if the proiect, since the concepts involved are relatively new.

7.8.2 The use of solutions which are radically differerc from conventional
methods causes a certain reticence on the part »f designers and
management staff, which was even more pronounced when it became evident that

these solutions had an unbelievably low cost.

7.8.3 Plants designed with new criteria are easier to operate than conventional

solutions, but they still require skilled personnel for their operation
and control since operational errors can produce greater deficiencies in water
quality due to the high flow rates used. No special operatiohal or maintenance
problems were encountered, except those indicated for contact units.

7.9 CONSTRUCT..ON COSTS

7.9.1 Treatment plants designed using new technological criteria cost much
less than conventional solutions, Existing plants can be modified at

a cost of US$ 800 to USS 900 per liter/second, which represents from 30 to 40%

of the cost of expanding a plant using conventional solutions (with capacities

from 500 to TG 1/s).
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7.9.2 New treztment plants cost between US$ 900 and US$ 1 200 per liter/secont
which is between 4G and 50% of the cost of conventional type solutions.

7.9.3 It costs less to treat relatively clear waters by using contact units

rather than by the classic poocesses (flocculation - sedimentation -
filtration) regardless of whether these processes are designéd according to
conventional or new techonological criteria. The reference cost for a capacity
of 70 1/s is 67% of the cost of a plant with flocculation - sedimentation -
filtration processes designed with new technological criteria.

7.9.4 The unit costs of treatment plants designed with new technological
criteria are inversely proportional to their size, Table 7-1 gives the
variation of unit costs as a function of plant capacity. ' :

Table 7-1

UNIT COSTS AS A FUNCTION OF PLANT CAPACITY

Capacity 1/s UB;;/;;:t Remarks
2 650 100 - 500 %
1 000 600 - 700 %
680 800 - 900 i
230 1 000 - 1 150 e
60 1 600 - 1 700 %k
22 2 600 - 2 700 e

* _Referehce costs of other projects
%% Researched costs

7.10 OPERATING COSTS
Operating costs are slightly lower than those in conventional plants,

" ranging from 3.91 to 16.29 per 1 000 m3, Since the plants were built recently,
there were no maintenance costs. ’
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APPENDIX TO CHAPTER 3

DATA IDENTIFICATION

FACILITY TITLE:

PLANTA DE TRATAMIENTO DE_AGUA POTABLE DE COCHABAMBA

RESPONDENT:
' Name: SERVICIO DE AGUA POTABLE, ALCANTARILLADO Y DESAGUES PLUVIALES
COCHABAMBA ' ' '
Title: "o P LALP.ALY

Address: Plaza Coiéh No. 5697 Acera;Es:ei_P.O.gBox 1647

* OWNERSHIP OF THE FACILITY:

"S.E.M.A.P.A,"

Owner's Address: Same as above

NAME OF COMMUNITY TO BE SERVED BY THE FACILITY:

Town or City: COCHABAMEA

State or Province:CQCHABAMBA

' Country: , "BOLIVIA
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APPENDIX 3.A

DEMOGRAPHIC AND TECHNOLOGY DATA

Please check the appropriate category im each question. If exact figures

are not available, give the closest estimate.

POPULATION

l. Present Population - The figure or estimate of the presént populacion
should reflect the number of inhabitants that the proposed water or -
wastewater treatment facility is going to serve.

(1) Between 500 and 2,500 people

(2) 2,500 - 15,000

(3), 15,000 - 50,000

(4) 50,000 -~ 100,000

X (5) Other (specify) 100,000 - 150,000

Total population + 160,000

For each qucstlon from number 2 to number 9, if local or site figure is '
not available, please use national figure and also indicate whether: it is
_national or local figure.

2. Annual population growth rate
[] vational - [ ] Local

(1) Less fhan ;%1

(2) 1% -'3%

X (3) 32 - 5%

— (4) 5% - 107

Cs)y 10% - 207

(6) Greater than 20%
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3. Life exp.ectancy of population in years
National E Local

. (1) Less than 40 years old

X (2) 40 - S0

. (3) 50 - 60"

) 6o+

;

4. Birth Rate: The average number of newborn each year per 1,000 popu=
lation. . o .

E National E:] "Local
”""';";_"_."."'(1) “"Less than 10 |
_X (@) 10 - 30
(3 30 - 50
(&) 50 =100
(5 100 - 200
— (6) More than 200 -

5. TInfant (under one vear of age) mortality rate per 1,000 population
each year. ' e ‘ -

National [ _] Local
(1) Greater than 100
(2)- 50 - 100
— (3 30 -50
" X () 10 =30

(5) Less than 10
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6.. Survival Rate: The percentage of inhabitancs expected to aurvive
' during any given year.

D National [5_{3 Local

) Less than ‘807 -
(2) 80% - 90%

(3), 907 - 95
X (&) 9% - 9Tn
(5) 97 - 99%

(6) More than 99%

7. % of Emigrants: The percentages of the total population 'thgt"leave '
the area and begin to live in another community each year. ..

| D National E Local
;)(__ (1) Less thax} 1%
S @) 1% - 3
@3 3% -5
@ : s% - 10% -
L) 0% - 200
| (6) Greater v.r..han 20%

8. % of Immigrants: . Thé percentages ot the total population that have
just arrived to live in t:he comnunity on a permarent basis each year.

[:] National [x] Local
X (1) Less than 17._'

@ w3
@) 3.5

@ 5% - 100

(5) 10% - 207 N

(6) .Greater than 207
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Calories intake per day per persom -

':_] Nation

TECHNOLOGY
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al Zocal .

(1) Less than 1,000 -

(2) 1,000 = 1,500 -

(3)" 1,500 = 2,000 {;

Information not'brovided’by tesp

in CEPIS;

(4) Greater than 2,000

ondent, estimated

.10, Level of water treatment technology development in the local community.

Type of Water

% of Population Being Served

Supply System 0-25% 25-50% 50-75% 75-100%
(1) Central

village or 259

street pump .
(2) Piped water]

supply to

houses 407
11. Level of sewége treatment technology devalopment in the local community:
Type of System | % of Population Being Served
: 0=25%: 25-50% 50-75% | /25=1007%
(1) Scwage

collection 30%

system
(2) Sewage

treatment 07 t

o
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In the judgement of the respondent, which of the following most
appropriately describes this project,

12, Technology Advancement

n———

X

13, Quality of Project for Research

X

! omm—

(1)

(2)

(3)

Simply tranofer of a process that had been successful elsewhere.

An adaptation oE another process but altered to be more suited '
to'local characteristics.

A unique process deve10ped especially for the characteristics
of this site. .

(1) A brcakthrouéh for enhancing the deVeIOpment'df this country.

(2)

Sy

An .important feature for the local people but not significant
to overall development of the country.

Redundant, of little use to the people. .


http:development.of
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APPENDIX 3.B

SOCIO-ECONOMIC.DAIA

Check the épprOpriaEe‘category for thc.following.

1. Average level of education obtained for the community,

oo o a . . o - -

, High Technical

Level None Primary School Institute College
(M ¢5% 47 1% 0% 0% .
. (2) 70% 19% 7% 3% . 1%
) 55% 227, 147, 67, W
e @) 9%@. 487  34%3g 0ar¥2%31,36%)  8%(12.277) 711,839

2. Average distribution of Labor Torce in the community.

Level Unskilled Semi-Skilled Professional
¢S 97% 2% . 1%
(@ 80% - 16% 4%,

X () 61% 27%, 7 12%
—_ @ 45%67.20%)  30% 4,437) 23%(8,37%)

3. Annual average income per family in your country currency.

29,400 $b (US$1470.0Q1;.
amount ) unit

If available, also check the approximated.U. S.'dollars'eduivalency of
this amount shown in the following' RS ' L
(1) Less than $100

(2) $100 - $1,000

(3) $1,000 - $3,000

(4) CGreater than $3,000

Nan


http:45%(67.20
http:8%(12.27
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4. Among thne highly skillful and technical workers (for example, engiueer,
chemist, etc.) what percentages of these are non~local or non-native
people. ' : : T ‘

(1) Less than 10%

(2) 10% = 25%

(3) 25% - 50%

(4) 50% - 75%:

(5) 75% - 100%

11Tk

5« Are the primary and secondary schools operated by voluntary or
missionary organizations?

e

(1) Yes X (@) o

6. What is the highest grade offered by local schools on a vegular basis? .
(Circle one) P : S DR -

Loz 3 4 s 6 7 8 9 10 u 1 (in

7. If the number selected in #8 above is less than 12; how fér away is the
nearest high school offering the 12th grade? : CoL

. (1) Less than 10 miles (bf less than 16 kilometers)l 

- (2) 10 - 30 miles (or 16 - 48 kilometers) L

——— (3) 30 7'50 miles (6r 48 - 60 kilométers)

. (4) Greater than 50 miles. (gréater.than360.kilometers);j

—— (5)  Other (specify). T

8. Are there any technical or vocational sphools'in‘phg’gommunity?~

C X (1) Yes . () Mo
9. Nas the community achieved compulsory prima:y‘édudatipn“of,ag lqgst:six ’
years?’ : ' '

X (1) Yes ..___; (2) No _ T



10. Are there any formal In-service training programs by either the governmenc

or local industry for their employees?

X (1) Yes - ’ '(2) No

11. Is there a college or university in the commuﬁity?

(2) No

t—————

X (1) Yes’

12. Does the university have a chemistry departﬁenc or laboratory?

X (1) Yes (2) No

13, How'do you s.ate the abxlity of the community to finauce a water and

sewage treatment project?

(1) Unable to repay; the project is a pure charity acheme because

the benef1c1ar1es are poor.

X (2) Limited ability £o repay; however, the ‘social benefits exceed

the social costs.

_ (3) Repayment prospects are good° the beneficiariee have compara-

tively high incomes.

14, Is unemployment widespread?

(1) Yes _x_ (2) No

If available, give the percentage of unemployment among the total population.

4,0 % of unemployment

,...
w
.

the partlcipatlon of the masses?

—- (1) Yes | (2) No

Are advisory scrvices widely available to farmers for community develop=
meat or for other programs designed to upgrade the skxlls and enlist
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16. Do most college or university students of the community receive thelr
- educdtion in neighboring communities, neighboring countries, or

v -forei t
othe .forcxgn countries? Yes and no, depending on the

— dy; for
X 2 X 2y No area of the study;
: @) Yeo 2) : Sanitary Englneer yes

17. The level of technology available can generally be classified as

- (1) - Hand tools only
(2) Mechanical tools (i.e., gasoline powered equipment) -
(3) Chemical products (fnrtilizers, chlovine)

[ 1k

(4) Electronic technology

18, Does the government'dominate the labor market?

L ——

(1) Yes " _X_ (2) No

19. Are public émpl&yment services readily available?

(1) Yes : X  (2) "No

Questions 20 - 23 relate to the availability of materials and equipment.
Check those items that are ncver available in the Community.

20, Operation: Which of the following are never available in the local °

_ community. ‘
(1) Meters (not immediately, they can be ord red in a request basas)
(2) Lawn mowers LR . e L
(3) Blowers n "n 4 'ﬁbl”  J i C 'v_u "
&) Recording devices W -, noo luA “3 W R N

(5) - Laboratory equipment (partially)
(6) Portable power plant

(7 Motors

(8) 7Pumps (Depending on the type)

RENESEE,

Available, as products coming from neighbor ‘countries and under the demand
and stock of representatxve houses. ‘
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21. Process: Which of the following are never available in the local
' community., :

(1) Pipe (clay, stecl, cementy plastic, éopper, etc,)
(2) Pipe fitcings e .
(3) Paint ' '

(4) Valves

(5) Tanks

(6) .Gauges

(7) Heat exchanger:

22. Operation and Maintenance: Which of theifolléwing'are:never_gvailnblﬁ
in the local community, ‘ ' . : - S .

(1) Silica sand ' 1 _jg;%‘.(S)' Anthracit
(2) Graded gravel

(3) Clean water

(4)" Gasoline

BN

23.  Chemicals: Which of the‘following arc never available in the local -
' community. I e SRR . T
(1) Alpsog (aluminum sulfate)
(2) FeCly (ferric chloride)
(3) Activated charcoal
%) Lime . o
(5) Soda ash .

(6) Chlorine (there is not aL_present,.che factory is belng Lnstalled and
{(7) Ozone - will begin producxng in June, 1976.

[ Blelel bk

(8) Laboratory chemicals (theru are some)

24, Major Water Source (check appropriate category)

| X River or stream"
_Jg_ (2) Lake or impoundment
— . (3) Wells , o
(4) Sea or Lrackish
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25, Approximate per capita water demand (daily)

) . Current demands - ' 200 _in 1(hab[day'(units)
(2) 10 year projection: 215 ' 1/hab/day '

26, Is groundwater available?
—X. (1) Yes i (@ Mo
27. “Are wells already drilled?

X (1) Yes _‘ ' ' (2). No .~

28. Is a central wastewater collectlon system in existence?

._X._. (1) Yes | — () o

29, Is the following wdstewgter data available? Please fill ih'the
percentage of people in the community that are:

(1) Currently connected to the system 30. %
(2) To be connected within 5 years of

the start of the project 10 %
(3) To be connected within 10 years _ 80 %

30. Are'industrial and commcrcial concerns using the waste water system and
if so, in what quantity? (in thousands of gallons)

(1) Curreantly -

(2) Withia 5 years -
(3) Within 10 ycars -
Thiere are few industries - at present but there is a plan to form the
Industrial Park out of the city. *

It is very dlfflcult to characterlze the class of 1ndustry to be 1nstalled.
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APPENDIX 3.C

- PROCESS DATA

Please supply the following data‘rela:ed'to.the trgqcmént_process'of"the
project., If there are more than one treatment plant, please fill in ONE - -
-data sheet FOR EACH PLANT., . ' ' o

For Water treatment process, please f£ill inm PART I; and for Sewage. treat= '
 ment, fill in PART II. Indicate the data either in metric unit or in '
British unit, S A : :

PART I: WATER TREATMENT PROCESS

1. 'Typc-of Proccss£oagulation,sedimentation’”filtratioﬁ and aisipfection.‘
2. Please check the appropriate water treatment process or processes {in
the following which fit the one(s) used at your treatment plant,
. (1) PW1* Drilled Well
‘_____ (2) w2 Pre-Trcaﬁment
' (5 P3  Slow Sand Filtration |
— (4) PW4 Rapid Sand Filter - Conventionai_‘
X_ (5) PWS Rapid Sand Filter - Advanced.ﬁﬂf
— (6) &=mwe SOECengng
X_ (7) PW7 Disinfection
(8) PW8 - Taste-Odor - Fe, Mn
(9 P9 Degalting.-,Salt (Sea watefi'
(16) PWIO.:Desalcingv-'Brackish -

(11) PW1l  Coagulation Pressure Filtrafion -

* PW1, PW2, PW3, etc., are process'codcs psed in the OU/USAID projécﬁ;



! .
Source

3.
X

(1) River or stream

(2) Lake or impoundment

1200 -

Tﬁee 24 Abpeqdix B.

(3) Wells

(4) Sea or brackish

Sub-treatment methods used

4. Settling

british unit

(1) Plain sedimentation

(2) Coagulation

(3) Tube or plate .

(5) Coagulation m&terial

A12504

FeCl3

Polymer

—
W U;Sflow
‘ X a.
b,
—_=C.

Other ~ (lime)

. (6) Approximate design criteria used

British Unit ‘Metric Unit
O ———

Loading rate (Q/A)

C-2

_> Treatment capacity of the plant (4)

235 1/s

metric unit

(nominal capacity)

It can be operated
up to-300 1/s

(a) Less than SOO’gpd/fﬁ?o; <'11,57 (a) Less than 20 m/day

° Cnnedmemm—

(6) 500 - 1,000 " lor __ " '®) 20 - 40
(c) - Greater. than 1,000 ~or’ _X . (c). Greater than 40

: TR TR ~ﬁiéd m3/m? /day
‘Detention time in,hoursf~: I /, .,Y

(a) ¥ ~-1 Six‘minﬁteé for high-rate 'settling ﬁnit
by 1-2 |
(c) 2 -4

()" Greater than 4
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c. Mixing: tean velocity gradient, G
‘ (a) 10 - 25

(b) 25 - 50

_X_ () 50 .75 ' 100 -68-50s -1

d. Design capacity ,'(Total plant) 

- British Unit . Metric Unit |
e (a) Less than 0.5 MGD | orft w__. (a) Less 'than 0,025 m3/s
X v(b) 0.5 -5 ' e X (b) .0‘.025 - 0.25 -
— (& 5~20 “or  ___ (e) 0.25 - 1.0
R ) Grcater.than 20 or __ (d) Greator than 1.0

e. Stirring and/or mixing devices
¥ (a) Baifle
(b) Paddle

(¢) Alr

5., Filters
(1) Rate of flow
| &, Slow (0,05 to 0.10 gpm/ftz or 6.002 to 0,004 M/min)i
b Rapid (approximately 2,gpm/ft2 or 0,08 M/min)
X _¢. Greater than 2 gpm/_ft2 or 0,08 M/min |

(2) Tilter media

a. Sand
X_b. Multi-media = sand and anthracite

—

¢. Other
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(3) Hydraulic mean size (107% by weight on sieve analysis)

a., 0.2 um

,"‘

X _b. 0.6mm sand (0.50 mm)
c, ‘1.0 ma anthracite

- (&) Dcéth of media

British Unit | | ~ Metric Unit
____ 4. Less than &Q'inches ) or :.Q¢ZQF° Less than lOO-ém. Sand
b, 40 =50 . of 'Q;égp. 100. - iZS - . Anthracit
c. Greater than 50 or = o._Co Greater than 125

(5) Controls for backwash
____a. Mechanical or hydraulic X

___;b. Simplified or pperator controlled
- (6) Direction of floﬁ tﬁrough filter

| a. Upward | |

X b. Down flow

c. 3Both

(7) Control of Filtration rate

a. Rate countroller

’

X b, Dcclining head

c. Siphon head

d. Other (specify)-.

6. Disinfection Mcthod .

X ¢9) Cl2
(2) Lime

(3) *Ultra-violet
(4) Ozonc;

(5) Other'
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APPENDIX 3.E

OPERATIONAL DATA

Please check the appropriate category related to the- operation of the treate
ment plant. )

L, Type of‘trcatmcnt plant.
X . (1) - Water treatment

(2) Sewage treatment

t—

OPERATORS

2, Availability of trained or skilled operators
_X_ (1) Easy to find
(2) Difficult to find

3.  Existance of a standard or system for evaluating the qualifications of
operators

(1) Yes
X (2) Yo

4.  Short course or other training programs for operators available
(1) Yes
(2) No

s c——

X

5.  Reason for leaving employment at the treatment plant .
_X (1) Bpetter job
(2) Discharged
(3) Others (specify)

D ]

6. Average age of operators

' (1) Less than 20 years old
_X_ (2 20-30 |
__ (3 30 -40
(&) older than 40
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7. Quality of operators
' (1) ¥Not dependable
(2) Fair
(3) Good
(4) Excollent =

| bl |

CHEMICALS

8. "Location (disténce) for“obtaining'cheutcall
(1) Local -
(2) In-country
X (3 Out-of-country

9. Availability of chemicals
(1) Easy to obtain locally ‘
(2) Difficult to obtain locally 1

> Both
(3) Easy to obtain non-locally

1+

(4) Difficult ot obtain non-locally

xu\(‘.:l\"‘\' PARTS, ETC.

1¢. Cause of machinery breakdown
(i) Operator error
(2) Product failure
(3) Others (spe011y) lant in the initial ngxg;;gnalstage

"11. Time interval for replacement of machineryuor parts
(1) Too often as compared to'the expected life of the item

(2) Not as oftun as compared to the expected life of the item

l

(3) Routine replacement

he plant does not have this kind of problems yet.
12, Delivery time of ordered parts .

(1) Less than 1 week
(2) Betwecen 1 and &4 weeks ‘
(3) Beiween 1 and 6 months (ohe month)

{4) Between 6 months and a year

BRdn

(5) More than one year



5 57
= G5 ;
SO T T e e T e sipd A L
. (1) Ozderecd specially
_X . (2) O0:fi the shelf (common parts) (As SEMAPA's policy) :
N (3) SO thies il (Bpacity)
1%, Repair of machinery
X (1) Recpaired locally
—— (2) Repaired:in-country
_ (3) Repaired out-of-country ¥ e el i .
—_ (4) No repair, zcplaced by new one

OPERATTONAL FPATTLURE (TECINICATL)

4o, Caaracteristic of raw water causing difficulty in treatment

K (1) Turbidity (Sudden variations)
(2)" Algac
(3) Other (specify) Volume variations 50 '~ 200% of flow

16. Operational failure due to tha following

Lot
—
L

Storage

(2)  Pumps s e
R LackioriWater i

N I} . - T e L i‘ -L

A (4_') Other (Specix?‘> Jperator's rault

17. Failuve due to the desipgned process A
(1) Under-desijgued | : : el 08 '
(i) Crne ~= el < :
\<) LProncr design, 3 "
(3) Adequate design
(4) Over loading:
0 (5)\ Other! (Gpecify) None

L
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SUPERVISORY _COWTROT,

18, 1Inspection of plhnt |
—_ (1) Regular inspection
a. Local '

b. Reglonal .
¢. National

d. Other (specify)

11k

v
L4

(2) Active supervision at the plant

(3). Other (specify)

|

19, Laboratory location
(1) At plant

(2) Regional

(3) Central

(4) Mobile

(5) Non-existant

BEEN:

PROBLEMS NOT SOLVED BY PRESENT FACILITY

20, Technical problems of effluent .
(1) Odor of water
(2) Taste of water
(3) Color of water

+ (4) None
(5) Other (specify)

| L]

21, Monectary problems in operations

| (1) Extreme difficulty in financing
_X__ (2) Moderate difficulty in financing
(3) No difficulty in financing :'
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22, Operational cost and capacity
(1) Capacity in million gallon/day or in malday-

12 960 nd/dfa
Amount . Unit

(2) Total annual operational ecest

45 000, - - . Us§
Amount . Currency Unit .

(3) Annual operational cost for personﬁel (payro}l)

12 000.- , " us$
Amount _ Currency Unit

25. Administrative problems

(1) ‘Personnel  (low salaries)
(2) Managerial |
(3) Supervisory

(4) Operators

(5) Nore |

AREEE:

(6) Others (specify)
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APPENDIX 3.F

FACILITY CONSTRUCTION COST DATA

Please answer the following related to the construction cost of the project.,
If there are more than one facilitv involved, please £fill in ONE question- -
. naire FOR EACH, '

l. Type of the treatment: check whether it is water or sewage treatment.

X  Water treatment

Type of the process: Potable water: flocculation, high rate sedimen-
- tation, declining rate filtration and cloraticii.

Sewage treatment

Type of the process:

2, (1) Year the plant was built 1,974 - 1,975
(2) Population served by the plant ' 74.000 inhabitants

(3) Construction cost in U.S. dollavs § 261.380.55

or construction cost in your country currency 5'227 611
; . amount  currency

‘

3._ Percent of totél cost for labor

(1) Less than 10%

" (2) 10% - 25%.
(3) 25% ~ 50% '(33{37)
%) so0% - 75%
(5) 75% - 90%
(6) Greater than 90%"

IRRRENS

4, Percent of total cost for.material3

.
AT

(1) Less than 10% |

(2) 10% - 25% '

(3) 25% - 50% »
(4) . 50% - 75% (60.63)
(5) 75% - 907% .

(6) Greater than 90% .~

NN


http:261,380.55
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5. Percent of total cost for engincering fee

(1) Leas than 2%
(2) 2% - 4%
(3) 4% - 6%

R

(4) 6% = 10% (including supervision in construction and direct administratio

(5) Greater than 10% . ‘
(The plant was built in part by contract and in part by direct administration)

————tut——

6. Percent of the total labor cost spent for skilled labof.

(1) Less than 25%
(2) 257 - 50%

(3) 50% = 75%

(4) Greater thamn 75%

111k

7. Approximate daily wage for unskilled labor in your country's currency

46 25 Bolivian Pesos
amount currency unit

or, if available, please check the category of U. 8. dollar equivalent
shown below :

(1) Less than $1/day

(2) $1 - $3/day (2. 31$/day)
(3) $3 - $5/day '
(4) $5 - §10/day

(5) $10 - $15/day

(6) More than $15/day

(REN:

8., Approximate daily wagé'for skilled labor in your country's currency

66.00 ' Bolivian Pesos
amount’ | currency unit

or, if available, please check Lhe caLegory of U. S. dollar cquivalent
shown below

(1) Less than U, S. $2/day
(2) $2 - §5/day (3.30 US$)
(3) §5 - $10/day

(4) $10 - $15/day

(5) §15 - $20/day

(6) . More than $20/day

RENRS
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-~9:- 0f ‘the total cost spent for material, what percen of materidl‘\}ab
‘found in-country?
(1) Less than 10%
- (2) 10% =25
(3) 25% - 50%
. (4) 50% = 757 ’
X' (5) 75% = 1007 84.4%

Cnmaman—
v e pamemmy
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APPENDIX TO CHAPTER 4

DATA IDENTIFICATION

FACILITY TITLE:

SISTEMA DE TRATAHZEﬂlJlJnnuLJuLiunAnE_nE_LINuAnns.___ﬁlAnn_nn.
ESPIRITO ‘SANTO - BRASIL

" RESPONDENT ¢

Name: SERVICO AUTONOMO DE AGUA E ESGOTO DE LINHARES

Title: SAAE - LIN
Address: FUNDACAO SERVICOS DE SAUDE PUBLICA = - FSESP

OWNERSHIP OF THE FACILITY:

MUNICIPIO DE LINHARES, ESTADO DO ESPIRITO SAﬁTO

Owner's Address: Sameas above

NAME OF COMMUNITY TO BE SERVED BY THE FACILITY:

Town or. City: LINHARES

State or Province:: __ESPIRITQ SANTQ

- Country: ' BRAZIL
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 APPENDIX 4.A

DEMOGRAPHIC AND TECHNOLOGY DATA

Please check the appropriate category in each queation. If exact figures

are not available, give the closest eatimate. :

POPULATION

1. Present Population - The figure or estimate of the present population
should reflect the number of inhabitants that the proposed water or
wastewater treatment facility is geing to serve.

- (1) -~ Between 500 and 2,500 people

(2) 2,500 - 15,000
X (3) 15,000 - 50,000

(4). 50,000 - 100,000

Oo———

(5) Other (specify)

For each question from number 2 to number 9, 1f local or siée'figure 1s
not availabie, please use national figure and also indicate whether it is
national or local figure.

2. Annual population grow;h rate
| [: National * Localil
(1)‘.Lesa than 1%

(2) 1% - 3%
(3) 3% - 5%
(&) 5% - 107
L (5) 10% - 208

L ]
e
X
————eg——
L )
St
L

(6) Greater than 20%



A2,
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) f»3.' Life expcct:ancy of population in yeara

Ej National @ Local.

(1) ILesa than 40 years old

@ 407+ 50
X (3) 50°-60
() 60+

7f' 4. - Birth Rate: The avefage’ nuix\bet. of néwbdih edch"'yé#t_ per 1".000'p'g§u'."'
L lation, T R bl

m National [:] Local
1) "Less than 10 ’
() 10-30 -

‘X _ (3) 30 - 50

(4) -~ 50 = 100 -~
e (3 100 - 200
(6 Hore than 200

‘ 5. Infant (under one year of age) mortality rate per 1 000 population -
each year.

- National E] Local
‘:v.; __'___ (1)‘ ~Greater t:han 100
(). 50 - 100

.;-:___ (3) 30 -5
X ) 10 - 30

(5) .‘Les‘a thar v -
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. 6. Survival Rate: The percencage of 1nhabltantl expocted to ourvtve
during any given’ year. .

x] National J Local
(1) Less chan 802
(2),'802 - 90%

(3) 90% - 95%

(4) 95% = 97% - |

(5) 97% ; 99%

B4

N I"' a8

(6) More than 99%

t

Ty % of Emigrants: The percentages of the'total population that leave
the area and begin to live.in another community each year. - -

[] Nattonal [XJ Local
X (1) Less than 1% |
L @ mewm o

(3) 3% -5
W s

_____ ) 10% - 20% | |
o (6) Greater ‘thian:'207.. 3

f"8 % of Immlgrants‘ The percentages of'the"total pobuiation that have
~just arrived to 11ve in the community on'a permanent basis each year.

[:] Natxonal x] Locqul
f;};_;_ '(1) Lesa than 14

@) 1% - W

Tk '(3)4 BT

o w 5% - 10%

(5) 10% - 20%

(6) Greater than 20%
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9, Calories intake per day per person

] WNational [] Local |

'(1).:Less than 1,000
(2) 1,000 - 1,500

3) 1,500 = 2,000

TECHNOLOGY

10. Level of yatefatreatmen; technology development in the local community.

(4) Greater than 2,000 .

Al -

IType of Water % of Population Being Served
Supply System 0-25% 25-50% 50=75% | 75-100%
(1) Central

village or X

street pump
(2) Piped water]

supply to X. .

houses
11. Level of sewage treatment. technology development in the loesl community.
Type of System % of Population Being Served :
- ' 0+25%: 25-50% 50=75% | /2=100%
(1) Sewage ' ‘ | |

collection X

system '
(2) Sewage = . X

treatment .

.
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In the judgement of the respondent, which of the following most -
.nppt0printe1y describes this project.

12, Technology Advancement

'(1) ;Simply transfer of a process that had been aucceauful eluewhete.

X (2) An adaptation of another process but altered to be more suited
to local characteristics. : -

' - (3) A unique process deveIOped especially for the characceriatico"*
-of this site.

; 13.5 Quality of Project for Research.

X (1) A breakthrough for enhancing the development of this country.

(2)  An important feature for the local people but’ not signiftcant'-.
. to overall development of the country. ’

. (3) Redundant, of little use to the people,-
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APPENDIX 4.B

S0CIO~ECONOMIC DATA

. Check the appropriate category for the.following.

R 1. Average level of education obtained for the community. -

High Technical

Level None Primary  School  Institute College
o 957, 4 1% 0% 0%
@ 70 194 I 17,
o) 55% 227, 147 6% 3",
X 9% 34% 427, 8% %

2o "Average distribution of Labor Force in the community.

Level Unskilled Semi-Skilled Professional

S 97% 2%, 1%
(2 80% 16% 4
) 617% 277, T
oy W 45% 30% 25%

3.  Annual average income per family in youf country cufrency.

1,200.00 _ dollars
amount : unit

1f available, also check the appfoximated.v. S. dollezy eduivalency of
this amount shown in the following

(1) Less than $100

(2) $100 - $1,000

(3) $1,000 - $3,000

(4) Greater thon $3,000

BRy


http:1,200.00
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Adé.. Among the highly skillful and technical workers (for exAmple; engineer,
chemist, ecc.) whac percentagea of theaa are non-locnl or non-native o

people. . !

(1) Less than 10%

(2) 10% = 25%

(3) 25% - S0%

(4) 50% - 75%:

(5) 75% - 100%.

SRRRY

S Are the primary and secondary schools Operated by voluntary or
missionary organizations?

X VY,e,s

. v(25-LNo

6. What ia the highesc grade offered by local schoola on a regular baaia?
(Circle one) .

120 3 | b s .6 7 8 9.7100 1 g::;z 12+

.

7. If the number selected in #8 above is less than 12, how far away ia the o
nearest high school offering the 12th grade? o
| (1)- Less than 10 miles (or less than 16 kilometers) :
(2) 10 - 30 miles (or 16 = 48 kilometers)
;(3) 30 - 50 miles (or 48 - 60 kilometers)
(4) Greater than 50 miles, (greater than 60 kilometers)
(5) Other (specify)’ I | 4

RRREN

" 8, ".Are there any technical or vocational schools in the community? -

‘(1). Yes . . _X_ (@ o
9. las the community achieved compulsory primary education of at least six .
yeara? : : .

© 4 (1) Yes (@ o
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'10 Are there any formal in-service training progtama by either the government
or local industry for their employees? s '

(1) Yes - (z) No

11, Is there a college or university in the eommdnity7

(1) Yes’ . X (2 No

12. Does the university have a chemistry departmen:-orVlaboratoryT

— ,(1)‘ Yes x' (2) No '

13, How'do you rate the ability of the community to finance a water and
sewage treatment project? : o

’ (I)V'Unable to repay; the project is a pure charity scheme beeauae o
‘ : the bcneficiaries are poor, : ,

: " (2) Limited ability to repay, however, the social’ benefits exceed
L the social costs. - R : -

. _X_ " (3) Repayment’ prospects are good° the beneficiaries have compara-:’
tively high 1ncomea.'

14, Is unemploymcnt‘widespread?

(1) Yes - X @ N

1f available, give the percentage of unemployment among the total ﬁopulafien.

<2 % of unemployment‘

I5. Arc advisory services widely available to farmers “for community develop~"

.ment or for other programs designed to Upgrade the ekilla and enlist o
the purticipation of the masses? L
..X__ (1) Yes . '-;f . (2) No -

L ]
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- 16« Do most college or university students of the community receive theit :
.- education in neighboring c0mmun1ties. neighboring countriel, or
othexr foreign countries? ‘

Sat— St

@) Yes - _%. (2) No

‘17 The level of technology available can generally be classified as

(1) Hand tools only
(2)  Mechanical tools (L.e., gasoline powered equipmen:)
3) Chemical products (fettilizers, chlorine) '

RERRS

(4) Electronic technology

18. . Does the government domxnate the labor market?
' . [ i) R

19. Are public'employment services readily éVailabLe?

(1) Yes = _X_ (2) No

Questions 20 = 23 relate to the availability of matefials and equipmén:. ‘
Check those items that are never availablelin the Community. . -

20, Operation: Which of the following are never available in the local
_ community. '

(1) Meters

(2) Lawn mowers

(3)‘ Blowers . .

_(4) Recording devices -

(5) lLaboratory equipmént |

(6) Portable power plant -

¢)) MOtors (small)

(8) Pumps (small) . |

REdauRis
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Which of the followiug are never available in the locsl

community.

FRRLTT

(L

(2)"

(3)
)

(5)

(6)
(M

Pipe (clay, stéel. cement, plastic, éopper, ete,)
Pipe fittings ' ' '

Paint

Valves
Tanks
Gauges

Heat exchangers !

22. Operation and Maintenance: -Which of the following are never available
in the local community. T .

(1)
(2)
3
(4)

Silica san&
Graded gravel
Clean water

Gasoline

23, Chemicals: Which of the following are mnever available in the local

community.,
_X (1) Alpst, (aluminum sulfate)
X (2) FeCly (ferric chloride)
X (3) Activated charéoaf'f' '
g ' (4) Lime '
.. (5) soda ash-
L (6) “Chlorine
_X_ (7) 'ozone - o
X_ (8) Laboratory chemicals, -
24, Mafor Water Socurce (check ppprOpriateiéatego;y)j
(1) River or stream . ‘
(2) vLake or impouudmgnt;

]k

(3)
@)

Wells .
Sea or.brackiah
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25. Approximate per capita water demand (daily).
(1) Current demands 300 __in_l/inhabitant/day (units)
(2) 10 year projection; __400 1/inhabitant/day

26, Is groundwater nvnilnble?v
. X (1) Yes. (2 No
. 27, Are wells already drilled?

(1) Yes ‘ | ». (2)' No |

28, Is .a central wastewater collection system in existence?

X (1) Yes (@ No

29; Is .the following wastewater data available? Please fill in the ‘
percentage <of peopie in the community that are!
(1) .Currencxw connected to the aystem-‘ 17 %

(2) To be connected within 5 years of
- the start of the project o + 33 %

(3) To be connected within 10 year§ S +20 %

:'30. Are’ industrial and commercial concerns using the waste water system and :
‘L £ so, in what quantity? (in thousands of gallons)

(1) Curreatly <10
' (2) Within'S years
. (3), Within 10 years
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APPENDIX 4.C

PROCESS DATA
PLANT 1 '

" Pleaase supply the following data related to the treatment pfocesa of the
project., If there are more than one treatment plant, please fill in ONE

. data sheet FOR EACH PLANT,

¢

" For Water treatment process, please fi1l sn PART I; and for Scwage treate '
ment, 7ill in PART II. 1Indicate the data either in metric unit or in . -
British unit,

PART I: WATER TREATMENT PROCESS -

1. Type of Process: -upflow filtration

2, .Please.check the appiopriaté water'treatment proces;'or processeé in-
. the following which fit the one(g) used a; yopr,grggtmenglplant:
T me* Drilled well

';H____' (2)‘ ngﬂ.hPre~Treétmeht .

;i,;___;:(Bf'.Pw3571810w Sand.Filfracion ‘

_____ (4).'7-Pw4f5.'“.'napia Sand TFilter :_'_'-convent'iénal,'

X (5) S Repid Sand Filter - .A.flvygmcéc.!. L

(6) PW6,j“Spfteh£ng T.{' - o

" __ () ‘P7  Disinfection

(8) w8 Taste-Odor = Fe, Mn :"'

:'____ - (9) PW9 Deqaiting ~ Salt (Sea watef)_

(16)‘Pw16: Desalting‘#»Braqkisﬁ_

.. (11) A1l Coagulation Pressure Filtration

* PWl, sz} PW3, etc., are process:cbdeé‘ﬁaed i{n the OU/USAID project,
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3. Source. |
".;X. (1) River or stream

| (2) Lake or impoundment
&) Qelle '

(4) Sea or brackish

Treatment ‘capacity of the plant (4)

' Sub-treatment methods used

. . 70 1/s total (two un1ta of 30 1
‘4. Settling o metric unit . L S

' ‘;;__' (1) ?lain sedimentation
(2) Coagulation
'(3) Tube or pla:é .
. (&) upflow l
. ;____'1(5? Coagulation m;tgrial .
g ALSO, A
b.. FeCl

— 3
¢. Polymer

(5)' Approximate design‘criteria used’ . -

. em—

British Unit * . . Metric Unit

a. Loading rate (Q/A)

(a) Less than 500 gpd/fczofA?f )

(a) iessrthan'zo w/day
(b) - 500 = 1,000 © < or  __~ " () 20 - 40 .
(c) Greater than 1,000 .lor;;,‘ ”f,(c)_ Greater .than 40 *°

" 'b. Detention time'in.houra"'

(@) -1
o 1-2
) (¢c) 2 - 4 .

— (W Greater than &'
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c. Mixing: Mecan velocity grndieht; G.
(a) 10 = 25° '

(b) 25 - 50

- (¢) 50 - 75

d. Design capacity

" British Unit . © Metric Unit |
(a) Less'than C.5 MGD . ©or. (a) Lees than 0 025 o /eec
M 0.5-5  er ___"(b) 0.025 - 0.25 |
' " () 5 -2 a ©or (E). 0. 25 - 1.0 (Total °£ the
‘ ", , c — plant)
| (d) Greater than 20 or (d) Greater than 1,0

es Stirring and/or mixing devicea
X (a) Baffle
— (b) vpaddle .

(e) ;Air

5.. Filters

(1) Rate of flow .

a. Slow (0. os to 0,10 gpm/ft or 0. ooz to 10,004 H/min)

b. Rapid (approximately 2 gpm/ft or 0 08 H/min)

me——

"X e. Greater than 2 gpm/ft or 0 08 M/min

(2) Fxlter media

o 8 Sand
x_bs Multi-media -

¢, Other
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‘(3) Hydraulic mean ot:; (}OZ‘by.weLght'oo sieve apnivaial’
kB8 6.2 L |
__;_p."o.t'mm""
__;_p; 1.0 mm
fzfa)' Dooth of media o
Britisé’Unit- l;: Metric Unft: f Tt ru.'
a.. Less thad‘QDlncﬁeaxfﬁ}’:orj;ffe;;_;_p;'JLeao.than.106:om.
b, 40 - 0. | .‘15f;".o£rflf _X bu. io0. - 125 . -

c. Greater *han 50 :5fjv*or'f,t§' o.]'Groator than 125

|

(5) Controls for backwash
- X a; Mechanical or hydraulic

--;b;' Simplifled or operator controlled
(6) Direction of flow through f{1fof f};ﬁﬁ
X a.” Upward
b. Down flow
Co -Bothj

; (7) Control of Fxltration rate

a,  Rate controller

X b, Declining head-
¢c. Siphon head . .

d, ‘Other (spoéify)‘

o.f-Disinfection“Method'ﬂj

(1) Cl2
(2) Lime’
{3) ‘ﬁitra-vioiet

(4) Ozone o

l-ifl' 11k

(5) Other
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APPERDIX 4.C.

EROCESS DATA
PLANT 2
JPlease supply the foilowing'dnth related to the Erentment pfoceaa of the

-projects If there are mora than one treatment plant, please fill in ONE
~data sheet FOR EACH PLANT, - oo e .

"For Water trencmenc process. please ££11 1n PART I' and for Sewage treat-
ment, £411 in PART II. Indicare the data either in metric unit or 1n S
. British unit.

PART X:' WATER TREATMENT'PROCESS""

51;W- Type of Proceas. Flocnulatlon, sedlmentatlon and conventlonal rap1d flltrig}OI

T

.2. .Please check the appropriate water ‘treatment procesa or procesaes in
' lthe following which fic the one(s) used at your treatment plant, '

(1) Pw1* Drilled Well

ey ooy

(2) sz Pre-Treatment

(3) Pw3 . Slow Sand Filtracion

,r

vtmamanmbud

X .(4).'Pw4ff Rapid Sand’ Filter “ CbnventiOnﬁl o
(), BWS . Raptd Sand Filtet <" Advanced;. B
f(6) .Pw6~‘ Softening | ‘

4;"(7)"Pw7 " Disinfection

‘ tPW8ni:Taste-Odof - Fe, Mn
(9) Pw9" Desalting . Salc (Sea water)

.(10) Pw10 Desalting - Btackish

—_— &)

."(11) Pw11 Coagulation Pteasute Filtration

#'PWI,'sz; PW3, étc;. are procéssfdd@es used in the OU/USAID pfoject.‘
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g_;JL_ (1) ;Rivpr or atream” -
n___;:.(Z):ankeio; impoundéeﬂ;;
'.____:'(3) Wel}s" | g
e (4)  Sen;or Sr;éktsh‘ L
- : . Treatmeﬁt

" Sub=treatment methods used'l,
4  Settling |
C l.(l) Plain aedimentatton
(2). Coagulation "' |
(3) Tube or plate .

(4) Upflow -

(5) 4Coagu1ation material

IRl

____p.. A12804 and 11me

b, FeCl

3
¢. Polymer

.
teta—

d. Other

St

(6) Approximate design criteria used’

British Unit

"'fﬁ;nhLoading rate (Q/A)

(a) Less than 500 gpd/ft or

() 500 - 1,000 ""or'

(c) Gteater than 1.000< or

. Detention time 1n houra

— (@) k-1
) 1-2
X_ () 2-4

" (@ Greator than 4

ez

v ,’_.‘ -

capacmty of the plant (6)

N

50 1/9

' metric unltf

‘Metrie Unit

. X T'(a)' Less than 20 m/day

L ‘(b)ﬁ 20 - 40 -

(c)fhcreetet'than 40 ﬂ
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- 99a
" Mixing: ﬁeaq:vqlocicy gradient, G
15(0)'T10‘- 25

(b) 25 = so :

l. l*.l -n

(c) 50 - 75
de Deaign'capacity'f

- .; gritish Uni - Mctric Unit .
-____;. (a) Leas thnn 0 5 MGD. :ofgi (a) Leas chan 0 025 L) /c
_;_;;.l(b)'_o 5.5 } | orfff' ) o 025 < 0,25 |
(e 5.2 'i‘*l' ‘o;ﬁfTL (). 0,255 1,0 -
_;_4 (d?"creater than 20 qfii;__;" (d)  Greater than 1.0

Stirring and/of'mik;ngfdeQicémg

T el

'__5;_ (a) 'Bdff;;“
____ (b) Paddle

(o) Me

i5. 'AFi1ters.

| (1) Rate of flow
___a. Slow (0,05 to 0.10 gon/ £t or 0,002 to 0. 004 M/min)
X b, Rapid (approximately 2 gpm/ft or 0.08 M/mtn)

e—_t. Greater than 2 gpm/ft or 0 08 H/min |

(2) Tilter media

,_gg_a,' Sand |

be - Multi-media

e

¢. Other
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£30 -

"(3) Hydraulic meon size (loz'byfvelghc on igevb annlylll). 

X @, 0.2 mn

) C. 1.0 mm

- ) Deﬁth of media

Brit{sh lnit Hetric Unit
Y iLea; thanlap‘lncheé. ;6fz{%?f:;____ Less ‘than’ 100 cm
b, 40 -’so' R i' E _JL_p.. 100. = 125 T
‘c. ‘Greater than 50 - :f;or: ?5” :;... cteater than 125

(3) Controls for backwash:

X a. Mechanical or hydraulic

b Simplified or Operator controlled
(6) Direction of flow through filter:”fg

: )1 UPW(. od

———y
0

‘X be  Down flow

——

_ Ce Both ;'
" (7) Coatrol of Filtraﬁioh fateff7
" X a..Rate concroller

b, Declxning head :

c. Siphon head_ o

d. Other (specify)’,

3 6..‘Disinfection ﬂethod,;;
L wa, .
(@) ime

— '(3)'°U1tra-violet i

(&) Ozonc .
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" "APRENDIX 4.E

OPERATIONAL DATA

Please check the appropriate category related to the operation of the treate-
ment plant. . ' . . ) ’

1. Type of treatment plant,
X (1) Water treatment

(2) Sewage treatment
' OPERATORS

2, Availability of trained or skilled operators
. (1) .Easy to find
_X_ (2) Difficult to find .

.3, Existance of a standard or system for evaluating the qualifications of ' °

operators
X (1) VYes
(2) No

4.  Short course or other training programs for operators availgble
;_K_ (1) Yes ' .
i (2) No
5. Reason: for leaving employment at the_trept@entfplant
' _X ' (1) Better job . ;
(2) Discharged
- (3) Others (specify)

" 6. Average age of operators .
(1) - Less than 20 years old ".
(2) 20 - 30

(3) 30 - 40

(4) Older than 40

I .lx l i-
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7. Quality of operators
(1) Not dependable
(2) Fair A

(3) Good
(4) .Excellenc

| k1

CHEMICALS

"8. Location (distance) for'obfeining chemicals
(1) Local S '
X (2) In-country

(3) Out-of-countxry’

9, Availability of chemicals

(1) Easy to obtain locally ",

(2) Difficult to obtain locally .
(3) Easy to obtain non-locally -
%) pifficult ot obtain non-lpcally

Tkl

MACHINERY, PARTS, ETC.

10. Cause of machinery breakdown
(1) Operator error.
(2) Product failure

‘,<3) Others (spec{fy) ' :

"~ 11, Time interval for replacement of machinery-or'parts.

(1) Too often as compared to the expected life of the item

)

X (3) Routxne replacement

f]lé.‘ Delivery time ef.ordered parts
(1) Less than 1 week )
.{2) Between 1 and 4 weeks
-(3) Between 1 and 6 months (in the country)

(4) Between 6 months and a year (out of the.country)

| RRLL

(5) More than one year

E-2
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13. Parts replaced are usually
X (1) Ordered speéihlly '
(2) Off the shelf (common parts)
(3) Other (specify)

14, Repalr of machinery
(1) Repaired locally
2) Repaired in-country

(3) Repaired out-of-country

(4) No repair, replaced by new one

OPERATIONAL FAILURE (TECHNICAL)

15, Characteristic of raw water causing.dgfficulty in treatment
(1) Turbidity ' ‘ |
_X_ (2) Algae

(3) Other (specify)

lé.l Operational failure due to the following .
(1) Storage . - '
(2) Pumps

(3) Lack of Water

(4) Other (épecify) :Changevof water quality

1

17, Failure due to the designed process
(1) Under-designed '
- (2) Improper design
(3) Adequate design
(4) Over loading.
'.(5) Otheé?(epeéify) The design is adequate and does not cause IALAUNES




234 -

SUPERVISORY _CONTROL

.18. Inspection of plhnt

>\_x_; (1) Regular inspection -
~ " ¥ a. Local

b. Regional L

Cs 7National .

| Lk

d. Other (specify)

' (2) . Active supervision at the plant

(3). Other'(specify)“

19, Laboratory location
(1) At plant’
(2) Regional

(3) Central.

(4) Mobile

(5) Non-existant

BN,

PROBLEMS NOT SOLVED BY PRESENT FACILITY

20, Technical problems of effluent
(1)- Odor of water ‘
(2) Taste of water
(3) Color of water .

+ (4) None
(5) Other (specify)

o

| él. Monetary problems in operatidns ‘

(1) Extreme difficulty in-Einancing

X (2) Modérate difficulty in financing;
(3) No difficulty in financing - ..
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'22. Operational cost and capacity
(1) Cnpacicy {n million gallon/day or in m /day.

3,024 . . [daz (each £11ter)

Amount . . Unit

(2) Total annual operational cost

180,000.00 S Cruzeiros
Amount N , Curzency Unit

* (3) Annual operational cost for personnel (payroll)

59,600.00 SR Cruzeiros

Bt i —

Amount - Gurrency Unit

"25. Administrative problemé k
‘ . (1) ' Personnel j" .
(2) Managerial .
(3) :Supefvisory_'-;,'
(4) ;dperato;s '

 (5) None -
(6) ,dthers (spggifyf

LRI



http:59,600.00
http:180,000.00

236 -

~ APPENDIX. 4.F

FACILITY CONSTRUCTION COST DATA

Please answer the following related to the construction cost of the projects
If there are more than one facility {nvolved, please £ill in ONE question-
., naire FOR_EACH. 5 ' .
1. Type of the treatment: check whether it is water or sewage tfégtﬁenc.

- X yater treatment 4 o . coe
flocculation, sedimentation and upflow filtration.

Type of the process:

Sewage treatment

e

Type of the process:

v 2. (1), Year the plant was built 1968 - 1973 o
(2) Population served by the plant __25,000 inhabiténtsg

(3) Construction cost in U.S. dollars $ . P
or construction cost in your couuntry currency _646,000  cruzeiros ‘'

: : S .e L. amount “currency .

. Only for the contact unit (new water tvaarmanr mlant) o0 oo A

}., Percent of total costfox lLabor ' - -

(1) Less than 10%. -

@) 10% - 25%. - .,

(3) 25% - 50% ..
(4)  50% - 75%
(5) 7S% - 90% .

(6) Grcater'théﬁ 90% -

.

THRLL

4, Percent of total cost for material '
“Kl) Less than 10% -
(2) 10% - 25%
(3) 25% - 50%
@) 50% - 75%
(5)  75% - 90%
3% createé than 90%

R



5. Percent.of total cost for

TR

(1) Less than 2%

(2) 2% - 47

(3) 4% = 6% o
(4) 6% =107 -

- 237 -

enginecering fee

(5) Greater than 107 -

6. Percent of the total labor cost spent for skilled labor

(1) Less than 25%
(2) 25% - 50%

(3) 50% - 75%

(4) - Greater than 75%

7¢ Approximate daily wage for unskilled labor in your country's currency

15

anoun

t . currency, unit

or, if available, please chack the category of U, §. dollar equivalent“
shown below :

(1) Less than $1/day

IRRRRS

(2) $§1 - $3/day
(3) $3 - $5/day
(4) $5 - §$10/day °

(5) $10 =~ $15/day
(6) More than $15/day

8. Approximate daily wage for skilled labor im your qbuﬁtry‘s currency |

50

cruzeiros

amoun

t - currency unit

" or, if available, please check the category of U. s. dollar cquivalent 1
shown below A

| 1] F] l

(1) Less than U. S. §
(2) §$2 - §5/day .

(3). $5 - $10/day

(4) $10 ='$15/day

(5) $15 -v$20/day

2/dny

(6) More than $20/day
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9, Of the total cost spent for material, whac pemenc of matertal wu
found in-country?
(1) Less than 107
©(2) 10% = 25%
(3)-25% = 50%
(4) 507 = 75%°
X_- (5) 75% + 100%
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- APPENDIX TO CHAPTER 5

DATA IDENTIFICATION

FACTLITY TITLE:

ESTACAQ _DE_TRATANENTO DS _AGUA DT _PRUNINTONOLIS

RESPONDENT: '
Name: S.AN.E.P.ALR,

Title: CIA. DE _SANFAMENTO DO PARANA

Address: *ua Engenheiros Rebougas, 1376

OWNERSHIP _OF THE FACTLITY:

COMPANHTA DE SANFAMENTO DO PARANA = SANEPAR

Owner's Address: Same as above »

NAME OF COMMUMITY TO RPE SERVED BY THE FACILITY:

: P
Town or City: Prudentopolis

" State or Province: Parana

Country: ~_Brazil
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APPENDIX 5.A

DEMOGRAPHIC AND TECINOLOGY . DATA

'Please check the appropriate category in each quescion. 1f exact f;guieé'f
are not available, give the closest esLimate.. ; :
POPULATION
l, Present Populacion - The figure or estimate of the present population
should reflect the number of inhabitants that the proposed water or .
" wastewater treatment facility is going to serve.
(15 Between 500 and 2,500 people .
X_ (2) 2,500 - 15,000 (7,500 inhabitants)
(3) 15,000 - 50,000
(4) 50,000 - 100,000

- (5)' Other (specify)

~ For each question from number 2 to. number 9, if local or site figure is
not available, please use national figure and also indicate whether 1t 1s
mational or local figure.

2. Annual population growth rate 1

D' National - Local
X (;)';Less than 1%
e (2) 1% - 32 |
— (3 3m-su
W w0z -
) 0o

(6) Greater than.20%



M1 -
'5.. Life expéctancy of population in years
D ;‘Jational m ‘Local |
" ew (1) Less than 40 years old
X @ 40 -s0
. (3) 50 - 0
(%) 60+

" 4., Birth Rate: The average humber. of newborn gachfyéar.pégfi;060;bopud‘U
lation. - ' ‘ ' ' C

E:] “‘National [E] Local
(1) Less than 10

- X (2) 10 - 30' Information not prov1ded by respondent, estxmated in .
*CEPIS, Elguree wlll be verlfzed. ;

i

— (3) 30 - 50

(4) 50 - 100 .
— (5 100 - 200
— (6) More than 200

5. Infant (under one year of age) morcali:y rate per 1 000 population .'
each year. o

] Natiopal - Local
(1) Greater than 100
(2) 50 - 100
() 30-50
X () 10 - 30 -

' (5) iess than 10
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A v nmd

6., Survival Rate: The percefn:tnge of inhabit'ahtu'.ex'pg.clﬁgd tq_lqt"\?iw';v- )
by during any given yeaT. . ' s . SO S

| C] National [ X .Locall |

(1) Less than 80%

(2) 80C% - 90%

(3) 90% = 95% |

4y 95% = 97%
5y 97h - 9%

X

(6) Morxe t‘han 99%
7. % of Emigrants: The percentages of the -total population that -léave B
the area and hegin to live in’another community each year. ' '

' E] National Local"
.._l(__. (1) Less than 1%
@ m-
Cen (3) 3% - 5%
o, (B) 5% - 10%
| (5) 10% - 20%

(6) Greater than 20% -

8. % of Immigrants: .The percentages of the total population that have
just arrived to live in the community on a pemanent;bas_ia each year.
[] wNational X Local -

X (1) Less than 1%

(2 -3
(3) 3% - 5%
) 5% = 10%
(5) 10% - 20%

(6) Gxcater than 207 '
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10, Level of water treatment technology development i'n the local community.

243

Calories intake per day pcr person

(3) 1,500 - 2,000 -

[E] Local

(1) Less than 1, 000

in CEPIS

(4) Greater than 2,000

C:] National
S (2) 1,000 - 1,500
X
TECHNOLOGY

Information not provided by respondent. estimated:

IType of Water % of ?opulation.Beiﬂg‘Served
{Supply System 0-25% 25-50% 50-75% | 75-100%
(1) Central
village or X
street pump
(2) Piped water
' supply to X
houses
11, Level of sewage treatment technology development in the local commﬁnity.
ype of System | % of Population Being Served
- ' 0-25% 25-50% 50=75% |- /5=1007"
(1) Sewage
collection X
system '
(2) Sewape X
treatment T

4



In the judgement of the respondent, which of theAfollpuing most . N
appropriately describes this project. ' '

12, chﬁnology Advancement

(15 Simply transfer of a proccss that hnd been successful elaewhero.

_X_ (2) ‘An adaptation of another process but altered to be more suited
to local characteristics. :

- ~ (3) A unique process developed eapecially for the cheracceristics
E . of this, site.

. 13, Quality of Project for Résearch.

X (1)' A breakthrough for enhancing the deveIOpment of thia country.

‘ (2)"An important feature for the ‘local people but not significant
"to overall development of the country. S

. (3) Redundant, of little use to the people. )
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APPENDIX 5.B

SOCIO~ECONOMIC DATA

Check the apprOpfiatg catepory for the.following.

1. Average level of education obtained for the community.. °

High Technical

Level. None Primary School Institute 'Coilege
(1) 95% 4% 1% 0% . . 0%
(2) 70% 19% 7% 3% 1%
3) 55% 229, 14% 6% 3,
X_ ) 9% 34% 427, 8% 7%

2 Avérage distribution of Labor Force in the community.

Level Unskiiled Semi~-Skilled Profgssionél -
S¢S 97% 2%, E C 1%
@ 807 16% T
) 61% 27% 12

X

(%) 459 S 30% 1}

3

« Annual average income per family in your,cdunﬁr} thrency.
1,300.00 ___dollars__
amount . , ‘ ‘unit
If available, also check the approxxmated U. S dollars equivalency of
this amount shown in the following
. (1) Less than $100
~X_ (2) $100 - $1,000
—— (3) $1,000 ~ $3,000
. (4) Greater than $3,000
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;:4. Among the highly skillful'and technical worﬁeré (fpr example, engineer, . .
chemist, etc,) what percentages of these are non-local or non-native
people. ’
X (1) Less than 102'1
(2) 10% - 25% - .
o (3) 257 - 50%
G (&) 50% = 757
o (5) 75% - 100%
5. Are the primary and secondary schools operated bi'yolﬁntaty'or
miseionary organizations? S C

c_X | (1) Yes - x_ (2)- ﬁo,.
6. What is the highest grade offered by local schools on a regular baaia?f -
. (Circle one) : L P

1 20 3 4 s 6 @ s 9 10 1. 12 12+
- - - o T
74+ YIf the number selected in #8 above is less than 12, how far away is the -
‘mearest high school offering the ‘12th grade? :

X (1) Less than 10 miles (br less théﬂ 16 kilometers)

| (2) 10 - 30 miles (or 16 - 48 kilometers) = ...--
R 3) 30 - 50 miles (or 48 = 60 kilometers) =~ = .
‘ .(9) Greater. than 50'miles;‘(greater'tha9 60tkiloﬁ§tera)

—- (5) Other (spegify) . ‘ o

'
T

8. Are there any technical'or.vocatiohal'schople.1n"the,com¢un1ty?'
X (1) Yes . () No
9. MNas the community achieved compulsory primafy'educeéiop'of at 1eae?‘§1i;.-
yeara? ’ . : Co oL .

X (1) Yes . . . '_____j (2) No



- 247 -

10. Are there any formal in-service training programn by either the government
or locnl industry for thelr employees? ' : A

';;li. (1) Yes ‘ T:‘ . ! ' (2} Yo . 41] .}

13, Is there a college or uniVersity in the community?

(1) Yes | '~ "' X (2) No '

12, Doea the university have a chemistry department or laboratory?

(1) Yes (2)" No'

e n B e et e bams mae el

13, How'do you rate the ability of the community to finance a water and
scwage treatment project? : -

(1) Unable to repay; the project is a pure charity acheme beceuse
the beneflcxaries are poor., ‘ '

: x. (2) Limited ability to repay, however, the soeial benefits exceed
" . the social costs.: ) R .

- (3)"Repaymenc prOSpects are good' the beneficiaties haVe compara-]
tively high xncomes.'

14, Is uncmployment widespread?

' ‘.;lL (1)' Yes . - ’ (2) No

“If avallable, give the percentage of unemployment among the total population.:

20 9 of unemployment

i35, Are advisory services widely available to farmers for community deyelop-
- meat ox for other programs designed, to upgrade the skxlls and enlist
the port1c1pat10n of the magses? ' . . ' !

X (1) Yes | S @ we
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16+ Do most college or university students df the community receive their
"1 . education in neighboring communities, neighboring counctiel. or 4»1-'u

other foreign coun:rzeo? -

X__ (2) Yes (2) No

" 17+ The level of technology available can generally be classified'ndf
(1) Hand toois only | - ‘ ‘

(2) Mechanical tools (i.e., gasoline powered equipment)

(3) Chemical products’ (fer:xlizers, chlorine)

[T

(4). Electronic technology

18, Does the goverament dominate the labor market?

Gabatemaacn

(1) Yes o X '(2) No
19. Are pudblic émploymencnsefvices readily availablef

W Yes X (@) N

L

Questions 20 - 23 relate to the availability of materials and equipment..

.Check those items that are never avazlable ‘n the Community.

20, Operation: Which,oﬁ'the following are never available in the local
+  community.. ’ :

(1) Meters

(2) Lawn mowefs '

(3) Blowers

(4) Recording devicen ‘

(5) ILaboratory equipmenc N

(6) Portable power planc

(7) Mntors (bmall) :

'(8) Pumps (small)’

SR

*


http:students.df

2i. vProcesé:
community.

»
[

)

(2)

oy

®)
()
(6)

N

Which of the.follauing.are never available in thi‘local‘,

Pipe (clay, steel, cement, plastic, éopécr. ete.):
Pipe fittings o ‘
Paint =

Valves

Tanks

Gauges

Heat exchangers

22, Operation and Mainéenance: Which of the fbllowing éré never available
' in the local community.. ' '

[T

(1)
(2)
(3)
(%)

Silica sand

“Graded gravel

Clean water

Gasoline

23. Chemicals: Which of the following are never available in the local

community.

X (D AleQg (aluminum sulfate)
T X (2) FeCly (ferric chloride)'.
" em—m  (3) Activated charcoal |
e () Lime
':____ (5) .Soda ash
: X . (6) Chlorine

X _.(7) Ozone

X (8) Laboratory chemicals

24, Major Water Source (check appropriate category)

¢

|1

(1)
(2)
(3)
(4)

. River or stream

Lake or {mpoundment
Wells .
Sea or brackish
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25, Aﬁproximatc'pcr capita water demand (daily) : | - ,}
- (1) Current demands - 120 in lfh/dAy (unttn)i'
(2) 10 year projection: 150 ‘ . _

26, Is groundwater available? o

(1) Yes ) (2) No -
. : “ ¢ - J s . : ' '
27. -Are wells already drilled? . g It'has,not:been studied
(1) Yes ~(2) Yo

28.. Is a central wastewater collection system in existence?

o (1) Yes (@ o

'29; Is .the following wastewater data available? Please fill in the 2o
. percentage of people in the community that are: . =~ '

(1) Currcntly connected to the system 25. %
(2) To be connected within 5 years of ' _ o
" the start of the project . %

(3) To be connected within 10.year§";' ' %

“30. Are‘inaustrial and commercialfconcerns'using‘the.wasfé water”ayatémiéhd '
_.if s0, in what quantity? (in thousands of gallons)

‘(1)' Curreatly ~__ 2% - ’ C
(2) Within 5 years X

(3) W1thin 10 years'
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APPENDIX 5.C

PROCESS DATA

Please suppiy'thc foliowing data related to the‘treatmént process of the 'f
project, If there are more than one treatment plant, please fill in ONE
data shecet, FOR EACH PLANT, . . - c

For Water treatment process, please £ill in PART 1: and for Sewape treate
ment, f£ill in PART II. Indicate the data either in metric unit or in" .
British unit. S . : . '

PART I: WATER TREATMENT PROGESS

'le Type. of Process: Coagulation,'sedimentatiod, filtration and disinfeqéion'

2, .Please check the Qppropfiace waCer'creACm;hé pfocess 6r'processes'in
~the following which fit the one(s),géed:a; yqur.t:ea;pentlp}anct..."

____; (1) :Pwl*' Drilled Weli, ‘A o - |

—_ (2)4 PW2 '.Pre-Treatment‘-~

(3) Pw3; Slow.Sand Fiitratﬁgﬁ e |

— (4)_‘Pw4,' Rapid Sand Filtef'; Coqvgnq¥§n;}:

X (5 PWs | Rapid Sand Filter { Advancediff:

— (6) VPW6‘ Softening |

| (7 ?w7 Disinfection

— (8) PW8 Taste-Odor - Fe, Ma

(9) PW9  Desalting - Salt (Sea watgr).‘”;

— (16) PWlO.?Désglcing.; Brackigh -

.+ (11) PNl . Coagulation Preésure‘Filtraqion:

* PW1, PW2, PW3, etc., are process codes used in thggqu/uSAIﬁ“pfbjécfg;;



3.

.
.
t

Source
1)
(2)
@

(4)

River or stream
Lake or impoundment
Wells

Sea or brackish

Sub-treatment methods used

4. Seﬁtling

IT1kED

Smbdaaanad
+

(1)
(2)
(3)
(%)

- (5)

Plain sedimentation
Coagulétion |

Tube or plate .

Upflow 3 o

Coagulation material

Sat——

Xa. ALSO, and ‘lime

' b, FeCl

¢, Polymer :
d. Other

\.

(a) Less than 500 gpd/fc or

- “ y

—. (¢) Greater than 1,000 or |

(6) Approximate design criteria used

British Unit

a. Loading rate (Q/A)

b, . Detention time in hours

X (a) %=1

(b) 1«2
(c) 2=-4

(d) Greater then &

(B) . 500 - 1, ,000 R e

Treatﬁent*éapaéity of the plant (4)

2,000 m3/day (23 1/8)-

. metric unit

Metric Unit

(a) tess than 20 m/day

X (c) Greater than 40 *
125 m/day *]'3.1;,

B el S Y PRSI S S

() 20 l'bo
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€. Mixing: Mean velocity gradient, G

X (@) 10e-25 ). o e
' ' For different aectiona of: mechanically ag1tated.
. X (®) 25- SQ floculacor._f-
DX () s0-75 " '
d. Design capacity t
British Unit o+ Metric Unit '
—. (a) 1Less than 0.5 MGD L or;‘ ,(a) Less than 0 025 mals'
— ® 055 e () 0,025 - 0i2s
—_— () 520 T o () *0.25 - 1,0 -
" e (d) Greater than 20 or (d) Greater than'1.0

e, Scirring and/or mixing deviceaf‘
— (&) Baffle
% () Paddle .
— (c) Adr

- 3s. Filters .

(1) Race Commem

RN

8. Slow (0.05 to v.iv gpm/EL™ or 0 002 to 0.004 M/mtn)

Voo __;;h. Rapid (approximately 2 gpm/:t or 0. 08 M/min)
X_c. Greater than 2 gpm/f: or. 0 08, H/min‘
- §2) Filter mediai _ﬂ
| — “Sand N
X b 'Mu_i:i-mgdia -

co Other

, L
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:'(3) Hydraulic mean s{zé (10% by weight on sicve nnaiyoio)}
X 8. OvZ-ma Sand: 0.50 ‘ | -
_X b, Oom 'Anghracice‘: "fo.9o' ‘l

Co 100 mm

) Deﬁth of media

British Unit o Motric Unit .

. a. Less than 40 inchesd"ffw o;“"*—ﬂ__x_p. “Less than 100 en’ 25 cms.

b, 40 =50 or - _xb 106"- 125 . 40 cms,
___¢. Greater than 50 | or ___c. Greater :hm.ns-

(5) Controls for backwash"
ae Mechanical or hydraunc X

b Sxmplifxed oz operator controlled

(6) Direct:xon of flow through fﬂ.ter

a. Upward
C X_b. Down flow
c. Both |

(7). Control- of Filcraéiob‘ré:éf

e

a. . Rate controller

" X_b. Declining head

Co Siphon'headﬂrﬁ

P eo————

d, Other (specify)'_

6. . Disinfection Method
o X A . :
X_ (m-a,

' ‘ (2)‘ Lime

) (3) ‘Ultra=violat.
(4) Ozone -

(5) Othex L
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APPENDIX 5.E

OPERATIONAL DATA

_ Please check the appropriate category related to theﬂopergtion of the treate
menl: plant. . e . . P )
1. Type of treatment plant.
X (1) Water treatment
(2) Sewagd treatment

OPERATORS

- 2. Availability of trained or skilled opeﬁatofﬁ
, (1) Easy to find
X_ (2) Difficult o f£ing

L

':3. Exlstance of a standard or syatem for evaluating the’ qualifications of -

operators
‘ X _ (1) Yes
(2) No

4, Short course or other training programs for operatota available
X (1) Yes
. (2) "No

5. 'Reason for leabing,émpldyﬁen€.§r.tﬁg'Créaggent"piqnc‘.
| (1) Better job - I

(2) Dischafged

(3) Others (specify)

|1

6. Avcrhge age of operators ,
(1) Less than 20 yeera old
(2)' 20 ~ 30 T
(3) 30 « 40

(6) Older ;hon ép‘;v

1T
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7. Quality of operators
(1) Noc‘dependabla_'
(@) Falr .

(3) Good

(4) Excellent

RN

SHEMICALS

8, Location (distance)vfot'obthtniné chemicals
(1) Local C ' )
_X_  (2) Ih-couhc;y
(3) Out-of=-cvuntry

9. Availability of chemicals

' (1) Easy to obtain locally 'g\

{2) Difficult to obtain locally .

3) Eas; to obtain non-locally

(4), pDifficult ot obtain non=locally’

| b1 |

MACHINERY, PARTS, ETC.

10, Cause of machinery breakdawn'
| (1) - Operator error -

_X_ (2) ' Product failure
(3) Others (spec{fy) -

11. Time interval for replacement of ma*hineryoor parts. , o
___""(1) ‘Too-often as compared tO the expected 1ife of the item
R (2)' Not as often’ as compared to the expected 1150 oﬁ tho item.=¢~~ﬁ
— e (3) 0 Routxne veplacement o

, There 1s no experlence becaus :hg ﬁlaqtﬁhas'tegep;lY&beeg,puxltw
12, Dellvery time of ordered parts ‘ SR
(1) Less than 1 week
(2) Between 1 and & weeka
(3) Between'l and 6 months -
‘ (Q) Between 6 months and a year

NRE: l,

(5) Moro than one year
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soid s davobud

13, Parts replaced are usually
* eeeee (1) Grdered specially

_z__ (2) Off the shelf (common parts)
(3) Other (specify) _____
14, Repair of machinery

X (1) Repaired locally

_;___ (2) Repaired in=country

e (3) 'Repaired’out-of-country
e (&) No repair, replaced by new one

OPERATIONAL FATLURE (TECHNICAL)

15. Characterlsclc of raw water causing dif‘iculty in creatment
e (1) Turbidiey = : :

X (2) Algae

(3) Other (specify) __ Persornel

nt—

16, Oberational failure due to the following
(1)' Storage | '

(2). Pumps

(3) Lack of Water .-

(4) Other (specify)

| K]

| Sn—etg—

17, Failure due to the designed process

. . (1) Undér-designed '

(2) Improper degign _

(3) Adequane.design o

(6) Over loading: - : , -

RO Other (specxfy) 1here arg not fa11ures due to the des1gned proceee

'lfl'l | |



“SUPERVISORY CONTROL '

18, Inspection of planc

’ _;EL (1) . Regular inspection '
' . a. . Local ‘
b. Reglonal .

c. National .

d. Other (spgc@fy)

‘HH

(2)"Active superviaion at the planc "’

(3),'Other (specify) ~ S—

|1

19. Laboratory location
(1) - At plant
(2) Regional
(3) Central
4) Mobile

(5), Non-existant

LT EE

PROJLEMS NO'C SOLVED BY PRESENT FACILITY - '
20, Technical problems of effluent
(1) Odor of water
" (2) ' Taste of Water 3
(3) Color of water
- (4) ‘None |
(5) .Ocher‘(spgcify)l_

‘l' <1

21, Monecary problems ih operations ; ¥;5/1§
(1) threme dlfficulty in financing;;
(2) Moderate dxffxculty in £1nancing'
(3) No dxfficulty 1n financing %
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22. Oherational cost and capacity

(1) ' Capacity in million galion/dey or 1n'03/diy{ :

2,000 S m3/day -
Amount | : Unit

(2) Total annual operational cost

4,905.00 - - . dollars_ .. - .
Amount o Currency Unit

(3) Annual oberational'cosc'for péredpnelf(pdyroll)

_3,924.00

Amount , "+ Currency Unit -

25. Administrative probleﬁq
(1) wPersonnei - ’
(2) ’Managerial

“(3) 'SuperVisofy

(4) Operators

(5) None -

(6) Others (bpecify) ;i;

IRRER NG

E~5


http:3,924.00
http:4,905.00
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| APPENDIX 5.F

" FACILITY CONSTRUCTION' cosr narx:

Please answer the following relnted to the conatruccion cost of the proJect
1f there are more than one £acility tnvolved. please'ftll 1n ONE queseion-
.noire FOR _EACH." . . co T e T

: ! ' ) . o IO
‘1o Type of the treacmenté "check whether {t ib'wo;cr or §ewage treatment.

Water trecatment

Type of the process.Coagulatlon, sedlméntatlon and higbgyhgg‘fi;gragﬁ
x and dlslnfectxon A e

Sewage treatment. 4

Type of the process: |

(1) Year the plant was puilt Ly .. e
(2) Population served by the plant at present' "5000; in the future 12,000

" (3) Construction cost in U. S, dollars $ SZIZZQIQQ (actual), $64, 000.00(b0d39te

oy constructiov cost in yout country currency ' 500,480,00 cruzeiros
: amount currency

-.uz.' , b
t .

i ; e ~|"o
) . .

3. Percent of total cost for laoog'

(1) Less than.IO% .
(2) 10% - 25%.
(3) 25% = 50%
b) 50% - 5% ...
~(5) - 75% A._,‘..gozf. W'.,.'..‘-..-_.
- (6) Greater than-99%;;

.l;_iil'rl,l.

4, Percent of Local cnst for material

(1) “Less thnn 10% ?i

) 10% - 25% *

(3) - 25% = S0%
() - 80% = T5%
(5)- 75% - 90% . -
"(6) Greater than 90%

TR



PG
'5. Percent of total cost for engincering fee

.'(1)' Less than 2%

£ (2) ‘2% - 4%

oy (3) 4% e
(&) 6% = 10%

"~ ___ (5) Greater than 10%

Ormen—
m——

"6, Percent of the total labor cost épent for skilled labor

(1) Less than 25%
(2) 25% = 50%

(3) 50% - 75%

(4) Greater than 75%

1RARS

7+ Approximate daily wage for unskilled laber in your country's currenty’

16,80 —cruzeiros
g L amount - . currency.unit

© or, if avallable, please check the category of Us s. dollar equivalent
" shown below

(1) Less than $1/day
(2) $1 = $3/day '
(3) $3 = §5/day

(4) $5 = $10/day

(5) $10 ~ $15/day

(6) More than $15/day

HHF

N Approxxmate daily wage for skilled labor in your country 8 currency

26 00 . cruzeiros
amount , currency unit.

or, if available, plecase. check the category o£ Ue s. dollat cquivalenc
shown below : o e Do :

.‘(1) Less than Us S. $2/day Eu{
(2) $2 - §5/day

(3) $5 - $10/day

(4). $10 = $15/day -

(5) $15 - $20/day -

(6) More uhén $zo/daj‘

TR
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9. Of the total cost spent for matertal, what percent of material was:
found in-country?

e (1) Less than 10%
o (2) 10% - 25% .
e (3)25% - S0%.
S (4) S0% = 75%

X_ ' (5) 75% - 100%

Sh—
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APPENULX TU UHAYIEK ©

DATA IDENTIFICATION .

FACILITY TITLE:

" PLANTA DE TRATAMIENTO DE AGUA POTABLE

RESPONDENT:

Name:  EMPRESA PUBLICA MUNICIPAL DE TELEFONOS; AGUA POTABLE.Y ‘ALCANTARILLADO
i : - " NPER .
Title: EOT.A.P.A!

' D
' '

t ot $

Address: _____ Casilla 297 - Cuencd

—

CWNERSHIP_OF THE FAGILITY:
| E.T.A.P.A.

Ownerfs'Address:. Casilla 297, Cuenca,'gggadg

'NAME OF COMMUNLTY TO BE SERVED BY THE FACIﬂiTYi l

Town or City: Cuenca .

State or Province! Azuay

* .Ecuador ©

Country::
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APPENDIX 6.A

DEMOGRAPHIC AND TECHNOLOGY DATA.

Please check the app:opriate category in each question. 1f exact fiéuzes--
are not available, give the closest estimate. ' . ; ' SR -

POPULATION
1, Present Population - The figure or estimate 6£.;he present populaciop'
should reflect the number of inhabitants that the proposed water or

wastewater treatment facility is going. to servee......

(1)  Between 500 and 2,500 people

" (2) 2,500 - 15,000

(3) 15,000 - 50,000

e (®) 50,000 - 100,000

X (5 | Other (specify) 110,700 Preseﬁt popﬁlétior. (197,5)'
o ' Design population: 190,000 - 230,000 .

For each duestidn from number Z'to nuﬁbéf19.H1f local ot site figufe.iﬁj,“
‘not available, please use national‘iigure;andfglao_indica;e.whether-itﬁ#s’
. national or local'figure.d:'f.ﬁ S0 Lol e e .
2. Annual poﬁulafiqn gfoﬁth;réﬁsi:

[::] National ° mLocal
“:;_;;'_(1).:Less‘thgﬁ’;i;iiﬂ
@ 1% S
X wm-su
LW 5% <100
;(s)ffloz ;?zoxﬁ

N (G)Z'Greatef»thhn 20% .
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3. Life exp.ectancy of population 1n'yeau‘ -
| [Z] National D Local

.'___' (1) ;Leaa than 40 ‘years old
@ .40 =50

1

X (3) S0 .- 60

L) 60+

-
14

4., Birth Rate: The -average'numbér-' of newborn each year per 1,000 popu<
' lation. e T L

D National D Local
(1) Less than 10 .

. (2) 10 - 30
Coox. (3) 30 - 50
(4). 50 = 100 °
__ (5) 100 - 200
. (6) More than 200

5. Infant (under one year of age) mortality rate per 1 000 populatton
each year.

D National m Local

(1) (‘reater than 100

S (2) 50 - 100

@) 30-50
X (4 10 -30

'(5) Less thar 10
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"6. . Survival Rate: 'rhe percencage of 1nh¢bi.tnn:s expected r.o nurvtve S
" during any gwen year. R

E:] National- [:)D Lacal
J— (1) Less than 807.
(@ son- oot
. (3 o907~ 95%
_X_ (4) 95% - 97%
I )| 97% - 99%
— (6)I bMore than 99'/(

"-7‘. % of Emigrants. The percentages of the total populatibu thet: 1eave j-
the area uacd begin t:o live in another eommunicy each year. L '

E:] National E:] Loeal.
(1) Less than 17..

@) 1% ‘-,37. |

(3) M-S

@ 5. 0%

(zf.»)' 0% - 20%.

TR _l

j .(6).» Greater than..ZOZi

'8”.. % of Immigrants: . The percentages of the total population t:hat have - :
Just arrived to live in. the eommunity on a permanent: basis each year.

D Natiqnal m Local
,.(1)', Less than 1'/.

@ wewm o

@) - 5 .

@ - 10%

(5) 10% < 20%

R jl

'(6) Greater than 20%
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I" Il

Calories intake per day per yerson

E:] National .

{ (1) Less than 1,000

" TECHNOLOGY
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1) Locel

() 1,000 -“1 500 -
(3) 1.500 - 2,000

(4) Greater than 2,000

10. Level of water treatment technology development {n the

treatment

L]

IQeii‘eohednity.

Information not provi
by respondent, estim

_' ‘in- CEPIS

ad

Type of Water % _of Population Being. Served
Supply System 0-25% 25-50% 50-75% | 75-100%
(1) ‘Central X .
‘village or
street pump h
" {(2) Piped water] ,
supply to ' X
houses- .
11. Level of aeﬁhge treatmeht technoloéy development in the local community.
Type of System % of Population Being Served T
: » 0=25%: 25-50% 50=75% 75-100% .
(1) Sewage o
collection X
system R
. ot -« - ‘7;;(11':'-. i RSN
(2) Sewage . Oi.- ; . 7
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In the judgement of the respondent, which of the followtng most
ApprOprtntely describes this project.

_lﬁ. Technology Advancement

(1) Simply transfer of a process thac had been oucceosful elsevhere,

' X (2) An adaptation of another process but altered to be more luited
. to local characteristics. _ L

(3) ' A unique process developed eapecially for the characceriatics
of this wite. , . :

e b mor ot o A o s g

13. Quality of Project for Research

x‘ (1) A breakthrough for enhancing the development of this country.l

. (2) An important feature for the local people but not eignificant -
. to overall development of the country.

. (3) Redundant, of little use te the people.

e [
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" APPENDIX 6.B

SOCIO-ECONOMIC DATA

Check the_appropriaté category for the. following,:

1, Average'level of education bbtained for the éommungty. ,

P T TR PRI e s o~

High . . .,Technicélﬁ'

Level None Primary  School ‘.Institute;v;CqIIéééi
(1) 95% 47, - w0 0% .
@) 707 19% 7% 3% 1%
(3) 55% 22y 149 e 3
X () 97 34% 42, 8L T
x . 10.8%- 5.1 24.7% 2,04 5.4%.°
2. Average distribution of Labor Force in the community. ' L
Level . Unskilled _ Semf-Skilled ~ Professional A
I ¢)) 97% 2 I
X (2) ' 80% , 167 Y
N ¢)) 61% 277 . g 127,

%) 45% | B

3

Annual aVerage income per-family in your.COUntrwﬁgu:fency.thqu*ﬁ

30,000 o _sucres
_amount . unit .}!

1f available, also check the approximaced U. S. dollars equivalency of
lhiu amount shown 1n the following ' '
(1) Less than $100
(2) $100 - $1,000
- (3) §$1,000 - $3,000
(4) Creater than $3,000

| k] -|”


http:communi.ty
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* 4, Among the highly skillful and technical workers (Eor example. engineer. 1
. chemist, etc,) whac percentages of the-o are non-)ocal or non-nntive L
people. . . . S

(1) Less than 10%
" (2) 10% ~ 25% -
(3) 25% = 50%

(4) 507 - 75%
5) 757 = 100% Information prov1ded by reepondent, £1gurea are o
® . uncertain’and will be verlfied. R o

" 5. Are the primary and secondary schools operated byuyoluntatv or.
- miseionary organizations?

(1) Yes _X. (2) No

6. khnt 8 the highest grnde ofiered by local achools on’ a reguln— basia? .
: ‘(Citcle one) . , . L :

1- 2 3 4 5 & 7 8 9 io_'v '.'11’.*@5'1'%_

*7s If the number selected in 8 above is less then 12, how far away is the
_ nearest high school offering the 12th grade? '

i zze—(1)~Less than 10 miles (or less than 16 kilome‘t'er's) |
— f(Z): 10 - 20 miles (or 16 = 48_kilometérs)_ - a
0 (3) 30 - 50 miles (or 48 - 60 kilometers)

G @) creater than 50 miles., (greater than 60 kilometers)

e (5) Other (specify) -

* 3+ Are there any technical or’ vocational achools 1n the community? ‘u{”

; '_ji__ (1) Yes _155'.- ?] (2) No .i

' 9 ‘Han the community achieved compulsory primary edhcation of atc least six:'
ycnrs? , '
X (1)' Yes . (2) NO:I )
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5;10 "Are there any formal in-aervice training. programo bineitherltha"garernmenti;
. or local induatry for their employees? ' S T L - S

(1) Yeoo "'(z) No

.11, Is there a college or university in the commanityzl:‘

X W) Yes ..____,_A__'(z)”'-uo"y."-

12. Doea the university have a chemiatry department or laboratory?_i:i:;;%ﬁ

X _ (1) Yes o (2) No

!
Vo

13, How'do you rate the ability of cha community to £inanca . watar lnd
sewage treatment project? . . o Cog

o '(l). Unable to. .repay; the project 1s a pure charity acheme because
e - the beneficiaries are poor.. S o
X (2) Limited ability to repay; however. the aocial benefits exceed
. ' the social costs., - L e . o

. - (3) Repayment prospects are good' the beneficiaries have compara-

. : tively high incomes.;_ e oo

l'l4,.1a uncmployment'wideaprehd? ‘
._.._ ’(1) Yes"- - X (2) Ne

" If available, give the percentage of unemployment among the tOtal pOpulation.

- <3 % of unemployment .

lS.' Aro advisory services widely available to: farmara for' community deve10p-
ment or for other programs designed to upgrade the akilla and enliat
Lhe participation of the masaea? :

‘

(1) Yes ._:[ i f___h_, (2) No -
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- 16« Do most college or university etudentl of the community receive theit §
education in. neighboring eommunitieo. neighboring countriel, or ,‘ﬂ '

. other foreign countriel? Depend1ng on the area of study

U
-

(2) Ye?’_T | '_‘. ' (?) No

17" The level of technology available can genetallj”be‘clealifiea‘luﬂ

(1) Hand tools only SRS

(2) Mechanical tools (i.-., gasoline powered equipment)
(3)" Chemical producta (fertilizers, chlorine)

(4) Electronic technology - ’

BEd

18, Does the government dominate the labor market?

(1) Yes = _X_ (_25 No

‘

19, Are publie employment services readily evailable?

(1) Yes _X_ (‘2)"No

‘I'

. Questions 20 - 23 relate to the availability of materials and equipment.
Check those 1tems that are never. available in the COmmunity. o .

':20L‘ Operation:' Which of the'follouinéfere'neueufouaileblepin?the local ";‘“
: community. }[:_');'*'ww. T O L I S B
"(1) Meters |

7(2)"Lawn mowers

(3)  Blowers C 'u o o o o

%) Recording‘deuiCca . AyaileplégianuiﬁQf?t Guh?aQuil:ipfafyeekffl
(5)'..aboratory equipment T |
(6) - Portable power plant

\ (7)IVMotore ] f{j;Lgigﬂ
’ - v AR S

“(85'1Pumps f.fn5?‘;{}ij'ﬁ

mwll
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21, Process;: : Which of the followlng ere never available in the local -
e community.‘ : ’ ' ‘ o _
(1) Pipe (clay, steel, cement, planttc. c0pper. etc.,,
" (2)  Pipe fi.cings ' .
(3) Paint e
(4) Valves ( imported):
(5) Tanks v. -
,(6). Gauges(iﬁporCed) K

(7) Heat exchangers '

22, Operation and Maintenance: Which of the folldwiqg aretnéverﬂgvaildble
" in the local community, ~ ‘v 0 oitoelncen i R
(1) Silica sand
(2) Graded gravel
- (3) Clean water
(4) - Gasoline .

23, Chemicals: Which of the following are never thilahle 1n'thé7i6éat#f
community. ‘ ‘ R - o I

St

(1) - Al sQy (aluminum sulfate) (mported)

(2) 'FeCly (ferric chloride)or FeCl 1mported ‘l
(3)  Activated charc0a1(1mported) '?ﬁi{‘tf
 (4)_ Lime ' T

(5) Soda ash o

(6) Chlorine (imported)

\7) Ozone )

PR Rk

(8) Laboratory chemicals

Some are available locally;‘others in Quico or Guayaquil and othera
.are 1mported.

ZQ. Major Water Source (check apprOptiate category)

.‘(1),jRiver or stream

T

(2) Lake or 1mpoundmenc5'
 ‘Wells | ﬁ_;
“(4) Sea or brackish .

~
W
~r
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. . .
T O S

25, Approximate per capite water demand (daily)

Q) Curren: demands ‘ ‘.235 L . in1/H/day (unito)g
- (2) '10 year projections 220 . . 1/inhabitants/day. |
: ..“f Program for water losses control and increase the number
26; Io groundwater available? ‘ f¢ -;;1k of meter.‘
| —_— (1) Yea.“' SR (2) No - There 'is groundwater not - very. deep

con but 1t is, dot ueed.‘ R e S

27, Are wella already drilled?

(1) Yes l':. : , n-_jg; (25? No'..

L]

28, Is a cencrai'waetewetet'coilection,ayetem'inQengotéqcefft‘-

_JL_{' (1). Yes @ N

29, Is .the following wastewater data available?’ Please fill in the "
percentage of people in the community that are:

(1)1 Currently connected to’ the system o559,

(2) To be connected within'5 years of S
: the start of the project g 10 -9

(3) To be connected witnin 10 yeare ; + 15 %

30, . Are 'industrial and commercxal conceins using the waste water system and
if so, in what . quantity? (in thousends of gallons) - o

R

(1), Currently Approx1mate1y SZ of the totel belonge to the industries
(2) Within 5 years - 2 RN . .
(3) Within 10 years ._. ==
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" APPENDIX 6.C
" PROCESS DATA -
»

, Please supply the tollowing data related to the treatment proceea of the
" project, If there are more than one treatment plant. please £111 1n ONE

..~ data sheet FOR EACH PLANT. . - . SRR

For Water treatment’process, please £111 4n PART I‘ and for ewage tteac-
ment, £111 in PART II. Indicace the data either in metric unic or in..
British unit, o

PART I: WATER 'mEA'm'EN'r PROCESS -

1. Type of Process:- Coagulatlon, floculatxonl sedimentation of high rate,
- : filtration with double meuxum. dlnxnfection w1th Chlorine

2; "Please check the appropriate water treatment process or processes in -
the followxng which fit the one(a) ‘Used at your treatmenc planc.,‘

o (1)'-pw1* Drilled Well
(2) 'sz" Pre-Treatment
e (3. PW3 Slow Sand Filtration. : |
() Pk Rapid Sand Filter - conventionelff.ﬁ'
j-li_;"(S); PWS | Rapid S Sand Fil:er - Advanced |
;;;_;ﬂ'(6);'PW6 ~:Softening |
f;_g__”.(7); Pw7' .stinfection. 
.;____< (85..PW8‘ 'Tasté-oaof - Eé,,ﬁn
_;__ (9) PW9 . Desalting - Salt (Seégﬁaferj.;; )
(16) PWIOT Desalting =- Brackish .

‘ '(11).Pw11 Coagulation Pressurg'Filtrqtioq'

* PW1, pwé, Pw3,féccf; are brocehsvéodeh used 1n.thé OU[USAIﬁ project,
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f;, Source

r_;x_: (1) River or stream
_,___; (2) Leke or]iﬁpouh&éanq
o) ‘Wella_’ T

T () Sea 0T brackish c o TR RS
' | ' _ i “;1Tteatment capaclty of the plant (6)
. Sub=treatment meghoas ueed h'} A ".: 560 ]/8 : (actual capac1ty)

ﬁ&. “Settling BT '.1lﬁf“" i@ metric un1t "
. C o " 860 1/8 (future capacxty)

(1) Plain sedimentation
.'(27‘7Coagu1acion ’
' (35:,Tube or biate:
 (6)’ Up£low B

EEEN

1(5) ,Coaéﬁlatibh'metefia1 f1;g

) x-' N ?L'_T
A a A1280a and 1rme

b, | FGC].B
c. ~ Polymer
. d. Other"

(6) Approxxmate design criteria usedﬁ;.'f -

o .fBrltish Unit o 17'uf::; e . Metric Unit -
. 8. Loading rate (Q/A) 3 ;ﬂ .

" (a) Less than 500 gpd/ft or . (a) Less then 20 m/day

St ..‘-"..;.-.7—-‘-13-
. (b) 500 = 1,000 = 'jj;qrﬁg" LY 20w = 40

(c) Greater than 1, 000 orf%lfli'.;(e)- Greater than bO

G tammatenmey .

'.b.-:Detention time 1n hours
X (a). ¥ - 1 (6.17 minutee injfhe;highuréie“eetcliné‘ﬁ;it))
© 24"

' (@) Greater than 4
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o q} Mixing: Mean velocity gtadiene. G
Ve (@) 025 . S
LOX T (b) 25‘-‘50' 135 -25-15¢ 7V

(¢) 50 - 75

;d."Degigq capacity

" British Unit o , ngfffjji4f; Metric Unic

L (a)::Less then 0 5 MGD ok k (a) Less than 0 025 ) /s

e () 0.5 - s "-Toflﬁf L (8) 0,025 = 0,25

: ;___.“(c) sa20 o X . (o). o 25 - 1 0 (total of ;he
o IR : plant)
(d) Greater,than‘zp- o e - (4) Grean.r than 1 0 R

“" e.;istirring and/oi'dixing;de;icégf

‘X . (a) Baffle

. (b) Paddle
- (c) :\Air :

5. lters
(1) Rate o£ flow

_a., Slow (0.05 to 0.10 gpm/fc or 0. 002 to, o ooa M/min)

O——

b. Rapid (approximately 2 gpm/ft or O 08 N/min)
: _X_¢. Greater than 2 gpm/ft ot 0.08. M/min ﬁ' |
.(Z)f:Filter media -

Ifﬁ___p. .Sana  . ‘
g b Mu;ci-mddig

Co AOther . '
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(3) Hydraulic mean size (10% by weight on sLeVe‘dnalsta)
0.580  Ovi-um 'Sénd' o
0,8b. 06w Anthracite

: ‘C- 1.0. mm

@) Depth of media

Bricish Unit v Metric Unit
8. Less than 40 1nchee '; | or ‘   !_3£__9, Less than 100 cu
__b. 40 =50 o or i;: -_;_;p; 1€0.. - 125 &0 cm
___¢. Greater than 50 B of | :;__;ﬁi createru;han 12!

(5) Controls for.backwﬁsh '

___a. HMechanical or hydreulic

._E;_b; S1mp11£1ed or operator controlled
(6) Direction of flow through filter _f}
.____a. .Upward | -

X b Down-flow.

_____C . Both

,(7) Control of Filtratton rate

+ em——

a. Rate controller

X b, Declining'head
¢ak

Ca Siphon head

Smtt———

d, Other (specify)

‘6,f'Disinfection'Methodr:

____1_(1)':c1

X

2 | N
(2) Lime

3) "Ultrd-violet

(&)“.Ozohou}f

" (5) -Other .,
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'APPENDIX 6.E

OPERATIONAL DATA

:Pleaae check the appropriate category reirted to tho ope:atton of the treat-
ment plant.:
1. Type of treatment plant,

x_ (1) Wwater tréatment

(2) Sewage treatment

OPERATORS

2. Availability of trained or skilled operacora‘v
(1) Easy to find
‘X __ (2) Dpifficult to find

o P
.3. Existance of a atandard or ayetem for evaluating the qualificaciona of

operators
(1) Yes
X (2) No

4, Short course or other training prccrams £or operatora available
- (1) VYes '
: X (2) No.

5. Reason for leaving employment at the créat@ent‘bleht‘
(1) Better job - ‘

—_ (2) Discharged _

‘ (3) Others (specify) L

In the last ten vears no operatore have left.

6. Average age of operators -
' (1). Less than 20 years old
e (2 20 .30 :
X 3 0-4. .

. (4) oOlder than 40

m————
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B Quality of operators
(1) Not dependeble

. X . (2) Fair
" . (3) Good '
(4) Excellent
" CHEMYCALS

8. Location (distance) for obtetning chem1¢.1.5;
(1) Local ~» lime . " '1}“.{\?::p‘ :

l

~(2) - In=country
x (3) Out-of-oount:y CL2 y ALst

V9, Availability of chemiCals‘f“;*'-V i
(1) Easy to obtein locally
: (2) Dxfficulc to obtein locally ;
(3) Easy to obtain non~locally
%) 'Difficult ot obtain non-lbcally

l'l*'l"l

E MACHINERY.'PARTS.vETC.“..1 ;

B I

.g';o.'{ceuae;of'machinery breakdown =
(1) Operatst ervor
_(2) . Product failure L s

'(3) - Others (specify) The: t1me og HEE :ﬁ ”

* 11, Time interval for replacement of machinery-or parts

(1) Too often as compared to the expecced life of the {item. ;;@

(2) Not as often as compared td the expected 11£e of thetitem
_f;; 3) Roucine replacement . a
7; 12,° De11very time of ordered|parte
' (1) ‘less than 1 week .
-(2) Between 1 and 4 weeks |
(3) Between 1 nnd 6 months. J‘ 
(4)' Between 6 months and a year

11 'l*

(5 'More than One year j:&*;ﬁﬁ.:.

E-2-
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13. Parta'replaced are psunily
(1) Ordered specially

) X_ ’(2) Off the,ahelf‘(com@on parts)
— (3) oOther (specify)

14, Repair of machinery
(1) Repaired locally
. €2) Répai;ed,in-country

(3) Repaired out-of-codntry f

(4) No repair, replaced by new one

OPERATIONAL FAILURE (TECHNICAL)

15. Characteristic of raw water causing difficulty 1n treatmenc}‘
(1) Turbidity.

(2) Algae

__5_;'(3)5:0ther (spgélfy);'coior _

16. Operatxonal failure due to the following

| (1) Storage ’ - ‘

(2) . Pumps -

‘“k3).'Lack of Water _

&) Otherv(specifyy ; 'Deficiencv“ig.ogergtioni

"""‘ : ;

IRERaS

.i7l' Failure due to the desxgned process
: (1) .Under~designed 5f” '
'(2) . Improper desxgn[
(3)' Adequate‘desiﬁn

(4) Over loadmg . L L , S L o
(5) Other (apec1fy) ‘The ‘design’ is adequate and does not causeé failures

?fl- I i l"-’

1
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. SUPERVISORY GONTROL

. 18, Inspection of'plhntk-

‘X

(D)

a ‘.l k

(2),

“3).

'Regular inspecgioﬁ ;

a. Lo;al ‘ ,
b. Regional SO

.Ce 'National _
d. Other (specify)

.

=)
‘¢

_Active supetviaion at the plant T

Other (specify)

- 19, Laboratory lpcation

l'-lll-!ﬁz

(1)

(2)

(3

(&)
(5)

At plant
Regional
Ce&tral

Mobile

Non-existant’

PROBLEMS NOT SOLVED BY PRESENT FACILITY

A = e

 20. Technical problems of effluent '

H |,.',l-.,!

(1)
(2)

- (%)
(3)

Odor of water

'Taste of. watet

(3)

Colot of - water

None ‘
Other (specify) _Corrosiveness becauge.the plant is under construction’

'_21. Mo*ntary pxoblems 1n operations_

L]
-

(1)
" (2)
)

Extreme’ difflculty in financing
Modexate difficulty in- £inancing
'No difficulty in ﬁinancing
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22, Operacional cosc and capacity
Lo (1) Capacity in million gnllon/day or in m /dnyo

48,384 e m3l&a977
"Amount. . Unit

(2)4.Iotalvénnua1 operational cost

 5'993,327.00 = . sucres
Amount R Currency Unit

(3) Annual operational cost’ for peiaqﬁﬂe1 (hgytb11)ﬂ"

1'476.220,00 - ___sucrés”
Amount - Currency Unit

25.4 Admxnistrative pxoblema
' (1) Personnel ~
(2) 1Danagerial uf
-(3) . Supervisory .
(4)f,0perators &’f
:(S)i'None O

Il b H ? .!f -

'(G)fJOthers (specify) Tfainiﬂgbbf;péféoﬁhéif7"'

LT .


http:5'993,27.00
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APPENDIX 6.F B

o e il i in

FACILITY CONSTRUCTION COST DATY

. Plcase answer the Eollowing related to the construction cost of the project.
If there are more than onc facility involvcd, please f1ill in ONE question-

. naire FOR EACH. °

-
’

1. Tyce of the tréatment: check whether it is water or sewage treatment.

Water trcagment

Type ‘of the process Coagulatlon, flécculatxon, sed1mentat1on, rapic
'fIIt?ﬁtiaﬁ'ﬁﬁa“iﬁIafiﬁEfibn
Sewage treatment
. . . Type of the process: __
2, (1) Year: the plant was built 1958 modifiedin 1975

(2) Papulation served by the plant ...&Q.QQQ.;nhahz:ants (presently)

' (3) Construction cost in U.S, dollars $__560,000.00

or construction cost in your country currency14'007 373 . Sucres’ -'
amounc currency

i . R S
‘The plant is_under consttuctlon. e

'3, " Percent of total cost fo:‘lcbci":
(1) Less than 10%
(2) 10% - 25%.
(3) - 25% - 50% -
(4) 50% = 75% -
() 75%- 900
(6) Grcater than 90%

-

SR

i
i P
-,

4. Per¢ont of Lutal codt for mﬁtcfial

(1) “Less Lhan 10% -

T (2) 10% - 25%
(3) 25% - 50%
Cx__ (%) 50% - 75%
(5 7sno-90%.
. '(6) ~Grcaccr thun 90%{


http:Percent.of
http:560,000.00
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5. Perccnt of rotnl coot for englnccrlng éce:‘
k(l) ‘Less than 2% :~~u | ‘
‘2)'. 7,. az>. Q-f'" o
(3) wn-en
(4) 6% = 10% S
'(5) .Greater than 10% .-

¢

TIE

6. Percent of the‘total labor cost spent for gkilled labor. .
(1) Less than 25% -
(2) 25% - 50%
{3) 50% - 75%
(4) Greater than ?5%

=X

"7¢ Approximate daily wage for unskilled labor in your country g currency (10ca1)

. . . ‘ ‘ - value) -
50 L __sucres

amount o currency unit

or, if available, please check the category of U. 8. dollar equlvalenc '
shown below . . VLN . e

(1). Less than $l/day .
Co_x o (2) $1 - $3/day = $2.00 :
| (3)- §3 - $5/day . .
(4) $5 = $10/day

(5) $10 - $15/day

(6) More than $lS/dey3 ;

- -

”8,' Approximate daily wage for skilled labor in your country 8 currency (local VBL

150 '_,_ ‘sucres
amount = . currency unit .

or, if avaxlable, please check Lhe category of U. S. dollar cquivalent
shown below, A

(1) Less than U. Ss $2/dny
(2) $2 - $5/day '

(3) $5 - $10/day

(4) $10 = $15/day

(5) $15 - $20/day |
(6) More than $20/day'fill

BENERF
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,9.-. 0f the total cost spent: for material what pemenc of matertcl was
found in-country? » . ‘
(1) Lesa thcm 10%
(2) 10% = 25% °
(3) 257. - 50% ..
R ('Y 507 - 757.
X (5 75% - 1007.

e

S——
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