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Abstract

For many years developing countries have been working, with exter-
nal assistance, to promote development of water treatment and waste
disposal systems in their cities and towns. Adequate quantities of
safe water and adequate sanitation measures are considered to be a
necessary but not a sufficient condition for social and economic devel-
opment; however, up to this time programs simply have not succeeded
in keeping pace with the problem of water and sanitation in LDC's.

A breakdown has occurred where there have been direct technology trans-
fers which resulted in the selection of treatment processes too sophis-
ticated or costly for in-country construction, maintenance, or opera-
tion.

A basic problem, then, relates to site-specific selection of appro-
priate technology in LDC's. This volume, in part the result of an
in-depth study sponsored by the United States Agency for International
Development and in part the result of additional and related efforts,
is concerned with this problem. Chapters I and II outline the diffi-
culties encountered in donor/client relationships and technology trans-

fer. Chapter III explains a methodology for selecting the most appro-

ix
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priate technology for water and wastewater treatmeiit for 4 particular

LhC site ahd 4t a barticular time, aécdrdiﬁg to the materidi and man-
bower tesolitbe capabiiities availdble: Chéptetr 1V preseiits a mathe-
idtitdl Model f6t LDC'S in Arica, Asid; ahid Latid America; to predict
watér and wastewatér defiahd, as well ds constitiction and operation
ahd maititenatice cost estimates for slow sand filters; rapid sand fil-
tetd; stabilization iééoéﬁ%; derated lagoohs; activdted sludge systems,
dild tricklidp filters: the badic techiique Used in deveioping this
liodel was stsp-wise Hultiple régréssioh working from LDC ih-countty
cost ddta. Chapter V preseiits a methodolopy for setting priorities
andhp LDC water sipply prograis: Chapters VI, VII, ViiT; 1X, and X
coristitite state of the art chapters (for application particularly
to LDC's) oi past, preseiit, and fiiture technologies for water and
wastewater, including ofi-site disposal and ttreatment concepts.

The puipose of this volume is to support donor/client efforts to
reduce health problenis thirough proper selectiofi of processes and pro-

jects, realizing that much of thie solution is educatiohal in nature.
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CHAPTER I

Introduction:
Interface for Decision

George W. Reid

A 1971-72 survey by the World Health Organization of community
water supply and excreta disposal conditions in developing countries
revealed that nearly one-third of the world's population (over one
billion people) have no adequate water supply, and only 0.8 percent
of the total population of developing countries is served by sewage
treatment facilities (53). As a result of this survey the United
Nations Second Development Decade goals included the supplying of all
urban populations with water, either by house connections or by public
standpipes, and the provision of reasonable access to safe water for
one quarter of the population in rural areas by 1980. Based on achieve-
ments by 1975, percentage goals were increased to thirty-six percent
of the rural population, and excreta disposal targets were established
for the first time. However, despite great efforts, populations have

increased more rapidly than new facilities can be installed.



In 1975, the Global Workshop on Appropriate Water and Wastewater
Treatment Technology for Developing Countries was held. This was a
collaborative effort between the University of Oklahoma and the WHO
International Reference Centre for Community Water Supply. The objec-
tives of this workshop were:

-to assess the state of the art and to identify the role that

appropriate technology can play in the development of water

supply and sanitation in developing countries;

~-to formulate technical and organizational recommendations and

to agree upon priorities for studies, projects or other activi-

ties; and

-to discuss the development of internationally coordinated pro-

grams and the operation mechanisms for implementing the activi-

ties planned as a result of the meeting.

In addition to confirming the WHO survey, the Global Workshop
focused on many of the types of failures in the planning and provision
of water supply and sanitation in developing countries which result
from imported technology, and the Workshop indicated the need for appro-
priate technologiles consonant with local socio-economic conditions.
Some of the factors which severely handicap programs to provide safe
drinking water and efficient sewage disposal are:

-shortage of resources (including trained personnel and finances),

-lack of governmental support within the developing countries,

-inadequate institutional structures (insufficient organization

and administration),

-lack of local interest and acceptance of the project.



It was the consensus of the group that water supply and sanitation
must be considered an integral part of the development process, and
national, overall plans should be formulated. Each country should
be urged to establish its own water resources agency to collect per-
tinent data and to plan with a regional approach rather than a case-
by-case approach. Strong ties should be established between water
agencies and universities. Efforts should be made to motivate govern-
ments to implement water supply and sewage schemes. Frequently, proper
sewage treatment and excreta disposal have been given such a low pri-
ority that pollution control has been postponed until the problem was
too great for solution with available community resources. Hope-
fully, a national plan and greater governmental involvement would
help to alleviate this problem.

The Workshop concluded, however, that it would be necessary to
assist developing countries to improve their strategies for increasing
the rate of rural water and sanitation coverage, if they were to be
able to provide even the most basic water and sanitation services to
all those who need them within any reasonable time frame. More inter-
national funds should be devoted to the rural sector and to low-income
groups which are most in need of assistance. Although dispersed popula-
tions are among that group which is in great need, actions to alleviate
the situation could be made more effective if they were concentrated
on groups such as nucleated units or villages.

The Workshop suggested that when equipment or technology is sup-
plied, it should be only after a means of supply for repair parts and
maintenance equipment is known to be available. Many existing facili-

ties are in bad condition due to poor selection of technology, tmappro-



priate design, insufficient maintenance including preventive mainte-
nance, a lack of spare parts, and a lack of trained personnel. Locally
obtainable materials should be utilized whenever possible, and mainte-
nance of equipment should be manageable by local people.

Experiences in Latin America, India, and elsewhere have shown
that besides lower levels of technology, aAhigh level of technology
may also be useful in a developing area, where an advanced technology
often may be applied and adapted using local materials,

Frequently, it has been the case that local professionals prefer
to rely on a foreign consultant rather than risk a possible failure
or introduce techniques based on their experience but without estab-
lished records of performance. To encourage the use of lower levels
of technology an effective approach seems to be the training of local
engineers who in turn would train other local people. A 'barefoot
engineer" scheme analogous to the "barefoot doctor" concept was sug-
gested.

Involvement of the people concerned from the beginning of a water
supply or treatment project is important. Sometimes much persuasion
and education are necessary to get people to use safe water. Local
decision makers need to understand the basic principles of the various
processes and support the ideas introduced. Some suggestions to help
bring this about were handbooks in simple language for laymen, pilot
demonstration plants, short courses, and experimental plants connected
with plants in operation.

It was emphasized that groundwater should be given greater atten-
tion as a source of water supply because it usually does not require

extensive treatment. Slow sand filtration has proven to be an effective



treatment method in developing areas. Solution feeders are preferable
to dry feeders in these locations because they are less expensive, more
reliable and efficient and do not have to be imported. For floccula-
tion and sedimentation all mechanical devices should be discouraged.

It was emphasized that in summary, an appropriate technology is one
which is accepted by the users and can be maintained by the community.

The importance of the quality and quantity of a water supply to
human and economic health has been clearly demonstrated and has been
the target of international development efforts in less developed
countries (LDC's). Experience has shown that international investments
have not been efficiently or effectively used where selection and use
has been made of inappropriate technology. The genesis of this text
was the recognition of these failures. Chapter II deals specifically
with technology transfer, adaptation, and utilization.

Developed countries (DC's) have generally supplied DC engineering
which represented what was conceived to be the latest technology, and
often LDC decision makers have wanted to be identified with the latest
technology. Unfortunately, this has not always been the most appro-
priate choice for a particular situation. Engineers working on water
supplies for low-income countries, have had "“safe" water in mind as one
objective. However, for the great majority of the world's population who
live in rural communities or densely populated and unorganized urban
areas with grossly inadequate access to safe water, there is little
possibility that available financial and human resources would be able
to give them the same high standards of water provision as that enjoyed
by most people living in more developed areas. Because resources

are very limited, it is necessary to examine closely the goals of
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water supply in order that what resources are available may be allocated
in the most rational and effective manner. If a very high standard

of water provision is unattainable, that does not mean there is nothing
worth attempting. There are usually many improvements possible which,
though falling short of the ideal, may have a very considerable impact
on health or on other problems of the local community.

The approach presented in this text to ald in the resolution of
this problem is (1) to assist the consultant in using a systems ap-
proach and in identifying the major alternatives; (2) to devise ways to
present the alternatives to LDC decision makers, thus facilitating
diffusion; and (3) to assist LDC's in developing self-sufficiency in
the selection or producing of appropriate technmology. In 1973, the
University of Oklahoma undertook a study which resulted in a methodology
to select appropriate low cost treatment methods for specific LDC
sites. The methodology has been tested for user and consumer acceptance
through exposure to engineering consultants, a global conference of
LDC decision makers, international agencies, and financial institutions.
During the study, it was necessary to acquire information on.transfer
failures, on the state of the art of LDC processes and LDC process
costs, from literature and from on-site sources. Also undertaken were
detailed studies of selected global sites as well as a historic study
of the use of processes in DC's. It was found useful to develop a
system of analytical tests that would be adequate for quality control
and would be supportable in-country. These efforts resulted in several
publications under the sponsorship of the United States Agency for Inter-
national Development (US .D) and by the World Health Organization Inter-
national Reference Centre for Community Water Sﬁpply in the Netherlands

(IRC/NL). (See Bibliography p. 727.)



In studying the problem of technology transfer, the engineer/
client relationship was seen to be of critical importance:

In the design of water supplies the choice of components, mate-
rials and dimensions is often governed by codes of practice or
by professional conventions which engineers trained in the West
too readily take for granted. And not only do these conventions
tend to limit the adaptation of design to local needs, but like
the WHO standards for water quality, they are suited to the needs
or urban water supply in Europe rather than to village water
supply in the tropics. Thus codes of practice may lead to the
choice of unnecessarily expensive materials or equipment, or may
discourage an engineer from improvising when the "correct" compo-
nents are not available. Every village deserves the best possible
engineering design for meeting all the immediate objectives, but
given the kind of objectives which seem right for rural water
supply, the "best possible" may not always look a good solution
when measured against Western codes of practice.

Some engineers are conscious of this dilemma, but feel that
if they chose an unorthodox solution to a specific problem and
the equipment failed and led to an outbreak of disease, they
would carry an undue burden of responsibility; but if they had
followed the "correct" design conventions, they would not be
blamed (21).

The engineer working to bring technology to an LDC works in an
alien, and in many ways, a very complicated environment. Pictorially,
one can identify at least eight separable, frequently conflicting
elements which he must take into consideration or deal with in his
work. (See Figure I.l.) 1In his role of selecting appropriate tech-
nology, the engineer operates to meet national health standards and
perhaps international standards. The plan must fit into larger water
schemes; usually it must be designed without any sort of long-term
physical data or national or local funding, and donors must be located.
The environment must be able to support operation and maintenance,
and local political and business interests exercise special require-

ments in many instances.
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Fig. I.1. Conflicting elements which affect the engineer
working in an LDC situation.



A study made by Reid for the Avco firm and the American Society
of Civil Engineers included research on the types of technology most
often preferred by decision makers. The results showed that eighty
percent of the decision makers wanted what everyone else was currently
using; fifteen percent wanted older, cheaper solutions; and only five
percent would consider newer, innovative solutions. The decision maker
was concerned about the present, and the problems of the future and
problems associated with operation and maintenance were considered to
be problems for future decision makers. The engineer's interest, too,
was shown to be limited to the immediate task of getting the plant
built. This meant that neither the decision maker nor the engineer
appeared to be interested in the ability of the site to keep the pro-
cess going. In response to this common problem, there have been
attempts to require the engineer to provide operational follow-ons
for comple;ed projects, such as including in the contract certain re-
quirements for supervision and training for an initial period.

Quite often plants have been over-designed technologically. Finan-
cing has been based on capital costs only (ignoring operation and
maintenance costs). Proper operation has been lacking and replacement
parts and materials non-existent. If a piece of equipment failed,
it was replaced rather than repaired. If enough parts failed so that
the plant stopped functioning, a new plant was plamned and built.

One remedy sought by intermational agencies for this situation has
been the provision of short-term training for operators and a more
formal education for in-country engineers.

It has often been the case that the in-country engineer has pre-
ferred to transfer design responsibility to an out-of-country expert,

someone who would come in, execute the job, and leave. This has
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increased the difficulty of arriving at an appropriate selection of
technology. 1In general, the international engineer would be unfamil-
iar with the local situation, involved in keeping people happy and in
getting the job done, and little concerned about what happened after
he left. The local engineer quite often would identify with out-of-
country technology for reasons of prestige, and the client was in an
insecure position, being approached by various equipment salesmen
vying for contracts.

The following paragraphs present nine specific problems associated
with the use of expatriate advisers in developing countries.

The Promoters~-These are people who present themselves as
seasoned investors who sell grandiose projects to the government
through contacts at high official levels. These schemes usually
result in low returns or outright losses which are often borne
entirely by the government. The solution offered is to "know
your investors,' admittedly a difficult task.

The Biased--Misallocation of resources may result because of
biases in the experts' appraisal of investments. This problem
can be solved by insuring that a careful economic feasibility study
be carried out.

The Vacationers--This problem refers to foreign specialists
whose professional interest is dominated by their desire to see
the world. The nationals are often very sensitive to the degree
of sincerity of the advisor and their attitudes and cooperation
are influenced accordingly. Careful screening of candidates for
foreign assignment is required to circumvent this problem.

The Impossible-~This problem occurs when the advisor has been
charged with a task that is too difficult to accomplish effectively,
given the constraints under which he must perform. Recognition
that the advisor does not possess all knowledge, especially as
concerns intimate details of the country, and cooperation of
resident specialists can alleviate this problem.

The Irrelevant--Donor countries may offer financial and tech-
nical assistance for a particular project that would be a mis-
allocation of effort for the developing country. Development,
in most cases, should be confined to a country's more obvious and
immediate needs.

The Confusion--Too many advisors on the same project can cause
confusion and result in inappropriate actions. The solution offered
is for the developing country to be more selective and able in the
use of foreign specialists.
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The Out-of-Place-~-Technology of an advanced nation cannot be
imposed upon the developing country unless it has been appropriately
adapted to local conditions.

The Sophisticates--This problem arises when highly refined
techniques of analysis or application are used when simpler pro-
cedures are in order. This is a special case of the previous
problem category. A clear understanding of local issues and
conditions will greatly aid the selection of appropriate techniques
and procedures.

The 0ld Timers--After long tours of duty, some advisors may
become out of ddte, complacent, and non-progressive, and, therefore,
ineffective in accomplishing the objectives. These characteristics
do not apply to all "old timers'" of course. (33)

The engineer/client relationship is important in technology
transfer. There is also a need for an improvement in communication
linkages between the LDC areas of need and sources of technology in
DC's and LDC's. To develop in-country competence and self-sufficiency,
it will be helpful to establish local and regional centers of tech-
nology. The extent to which LDC's use research and technélogy developed
abroad is directly related to the "absorptive capacity" of these coun-
tries, that is, the readiness and capability of specialists and institu-
tions to adapt, apply, and disseminate the techmnology. This capacity
is important whether the technology is being transferred in the form
of equipment, as technical information, or through exchanges of people.
It embodies a capability to recognize the alternative technical approaches
that are or could be available; to choose the technology that makes
the most sense technically, economically, and socially; if necessary,
to be able to adapt the technology to local conditions; to understand
the direct impact and the more subtle long-term impacts of the tech-
nology; and to operate and maintain the technology.

Institutional orientation is often the decisive aspect of a
developing country's capability to absorb technology. For example,

there are a large number of LDC students at most DC universities. But
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are their courses of study truly of relevance to interests back home,
or will they give further impetus to the brain-drain? While it is
difficult for a United States university on an institutional basis to
make sudden changes in the orientation of the content of its academic
curriculum, individual professors and instructors can introduce ele-
ments into their courses which will enrich the experiences of developing
country specialists and allow them to return home better prepared to
face the realities of development. Many of our university professors
maintain collaborative linkages with a large number of researchers
abroad. The substantive aspects of those linkages, exchange of tech-
nical reports and joint research efforts, can do much to influence
the orientation of research activities in developing countries.

It is difficult for a country that does not itself possess a rea-
sonable number of trained scientific and technical personnel to know
what usable technology exists elsewhere, to understand it, to adapt
it to the country's special needs or peculiar conditions, to repair
and maintain the necessary equipment, or indeed to operate it. If
a country builds up its own scientific and technical capacity, it is
in a much better position to utilize what exists elsewhere. Lack of
appropriately trained persons is often an obstacle to the wider appli-
cation of technology that is already known and to some extent used in
a country. In addition, each country is better able to hold its place
in international competition if it has the capacity itself to introduce
innovations (new products or less costly methods of production) based
on existing technology.

In the chapters which follow an attempt is made to describe an

ordered method of selecting for a particular site and at a particular
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time, the most appropriate technology from those available in the
LDC's as well as in the DC's, To develop such a scheme it was nec-
essary to select certain limits. 1Ip this instance, the concern is
drinking water and wastewater for organized communities (villages,
towns, or cities, extending from the smallest nucleated settlement
to perhaps all but the very large LDC cities which usually can af-
ford water and wastewater treatment and have available a variety of
high level expertise). This is pot to say that rural areas without
community systems are not important ip LDC's, but certain limitations
must be made, and as dispersed rural areas become nucleated, non-
structural systems of water supply and waste disposal or treatment
are of special interest. It is for this reason that a management
system of on-site procesges is examined.

There is a need to differentiate between that which is nucleated
and that which is not, as concepts of community differ, particularly
among professions (such as engineers, ecologists, sociologists, health
workers, or economists). It is proposed here that a nucleated settle-
ment begins at or above that population concentration level where there
exists a physical water system and an associated managerial system.

In general, the management system in a nucleated settlement will no
lQnggr be a volunteer operation, and this breakpoint occurs at a pop-
ulatioen of about 300 or more. At a higher population level of about

3000 persons, pipgd water becomes cheaper than unpiped water (21).

Piped water requires a distribution system and a higher level of tech-
nology than does a system of unpiped water. Population density is a sig-
nificant factor in determining the cost of a piped system. For a piped

system to be preferred on a cost basis, the population density should be
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about 1.7-2.0 people/acre or more. (See Figure I1,2.)

In LDC settlements with a population of less than about 300,
the technology of concern will be related to protection of the supply,
provision of pumps, storage, and treatment, all of which will probably
be manageable on a local, volunteer manpower basis. There is no room
for sophistication. There 1s usually no liquid sewage and no water
oriented industry. On the other hand, in a nucleated settlement with
a system of piped water, unit use will be greatly escalated and bene-
fits expanded.

In a non-nucleated situation, health is usually protected through
supply protection, not through treatment. With nucleated settlements,
the settlements which are of primary concern in this text, larger
volumes of water are usually involved, and treatment and distribution
will be factors of importance. Also, there will be the potential of
a considerable health risk because of the volumes of wastewater produced
and the possibility of pollution of raw supplies by the effluents.

Water treatment and sewage treatment begin to be of real concern at

a population level of from about 2000 to 3000 people. Consideration

is also given in this text to a special case of the low density settle-
ment, where on-site sewage disposal or treatment is used or water distri-
bution is accomplished through a vending system, and a managerial system
is required.

In this text, the primary concern is with a safe domestic supply
of water and disposal of wastewater in LDC cities and towns. The entire
process could involve technologies ranging from a dam and intakes, pipes

and pipelines, to treatment and distribution followed by sewerage systems,






COST/CAPITA INCREASES

Fig.

15

NUMBER OF
PEOPLE/ACRE INCREASES

I.

2.

FLOW (MGD) INCREASES

The effect of population density and economy of
scale on the unit cost of piped water. As the
flow required increases, the unit cost decreases.,
Increased population density also decreases the
unit cost.
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treatment, and discharge. However, the main emphasis here is limited
to treatment with the other components being left for examination by
other interests.

The selection methodology is described in Chapter ITI. It
involves the systems approach and aggregate modelling. The systems
approach permits the analyst to look at various interrelationships
and decision options at one time. Aggregation models use attributes
expressed as averages, such as the level of education, the age, or
the state of health of an average but non-existent representative of
a population. For example, the average United States male might be
described as a person who is five feet eleven inches in height, weighs
170 pounds, earns $14,000 per year, and uses two liters of water and
2,500 calories per day. The attributes for LDC modelling must be
representative and must be based on available data on the LDC site
either obtained directly or through the aid of a surrogate. Judgment
in application is absolutely necessary.

Formally, the selection methodology includes the following com-
ponents:

1. model: a symbolic representation of the problem:

2, metrics: specific goals such as parts per million (ppm),

biochemical oxygen demand (BOD), and Most Probable Number (MPN);

3. alternative solutions: different processes or combinations

of processes;

4, validation and diffusion.

In developing the methodology, it was necessary to describe
sites and processes, identifying their efficiencies, costs, and
manpower requirements. Resources had to be identified and goals and

quality standards articulated. A system af socio-economic site
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classification had to be devised based on aggregate attributes of the
site. In the use of the selection process the methodology proceeds as
in Figure I.3.

Details are given in Chapter IV on the assembling of cost and
demand figures for water and wastewater treatment systems. Chapter V
presents a methodology for setting priorities for water supply programs.
Chapter VI is a historical study of DC water and wastewater technologies
and their impact upon the societies that made use of them. This material
can assist in the application of historically used methods where they
are found to be compatible to LDC sites. It can also help LDC sites
to avoid the problems which occurred in the process of DC development .
in the field of water supply and sanitation. Chapters VII, VIII and
IX comprise the state of the art of technologies for LDC's for water
supply and treatment, wastewater treatment and disposal, and on-site
disposal and treatment devices, respectively. Performance data are
also assessed in these chapters. Chapter X presents expedient techno-
logies which either were not included in the more formal classifica-
tions of Chapters VII, VIII, or IX, or which it seemed beneficial to
introduce from the point of view of application in village or indivi-
dual dwelling situations, where maintenance is often accomplished on
an individual or purely voluntary basis.

Table E.1 presents a suggested classification of levels of econo-
mic growth in terms of gross national product per capita. This is
related to the socio-economic system of site classification used in
the methodology described above. There are several world agencies
concerned with development that are attempting to provide people with

opportunities for a better life. Although economic growth is an
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TABLE 1.1

THE STAGES OF ECONOMIC GROWTH BY GROSS NATIONAL
PRODUCT (GNP) PER CAPITA IN SELECTED COUNTRIES

GNP Per Capita

Country (1971-1972 $U.S.) Level
1. Haiti 93 1
__________________ (underdeveloped)
2 Bolivia i}Z ——————————————————————
3. Ecuador 260
4., Honduras 268
5. Paraguay 273
6. E1 Salvador 304
7. Colombia 328
8. Guatemala 365 II
9. Guyana 365 (partially developed)
10. Dominican Republic 404
11. Brazil 452
12. Nicaragua 474
13. Peru 4913
14, Costa Rica 579
_15._British Honduras 580 o
16. Uruguay 686
17. Mexico 717
18. Honduras 729
19. Surinam 750
20. Chile 796 ITI
21. Panama 804 (semi-advanced)
22. Trinidad and Tobago 933
23. Venezuela 1,010
24, Argentina 1,138
T25. United States 5,013 v

(developed)

SOURCE: U.S., Agency for International Development, Economic
Data Book (Washington, D.C.: U.S. Department of State, Statistics
and Reports Division, 1973).
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ultimate objéctive in development, the essence of the development
process i1s human development. Modetrn concepts of development closely
ifterrelate economic and social activities; they are inseparable and
of equal importdnce. Sdcial deévelopment deals with education; health,
welfare, and publiic utilities.

Because of the desire to shorten the time needed for development,
ds compared to the time taker by countries such as the United States,
Canada, and Australia; avgréat deal of attention is being paid to the
selection of the most effective development investments among the many
clioices which are possible. The basic criterion, in most cases, is
the ecotiomic return to the country concerned, and expenditures for
services such as public health, malaria control, hospitals, and water
resources must compete for priority with numerous other investment
opportunities in fields such as tramnsportation, agriculture, industry,
and ediication.

In the past, hedlth services have been promoted on the basis of
their social rather than their economic bermefits. Recognizing the
cutrent emphasis placed on economic development; the World Health
Organization and the World Bank have accepted the impracticability
of financing public health projects on a wide scale based on social
benefits alone. Howéver; there is a serious lack of reliable informa-
tion on the relationship between heaith and economic development.

In accordance with modern theories of economic development, capital
investmeént in public waste treatment and water supply, like the invest-
ments in malaria eradication or public health in general, should be
considered as part of the social-overhead capital needed to develop

and maintain a society.
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The environment in which one attempts to make a selection of
appropriate technology for water or sewage treatment has been described,
and a methodology based on the systems approach and an aggregate model
suggested. Here, as elsewhere in the material contained in this text,

a need for the diffusion of information and ideas in the LDC's as well

as in-country self-reliance, is suggested and emphasized.
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CHAPTER II

Technology Transfer,
Adaptation, and Utilization

George W. Reid

The technological development process, which was in effect a
revolution, enabled more people to be supported at a higher standard
of living. Unfortunately, this process did not develop uniformly
throughout the world. Therefore, there came to be tremendous gaps
between different areas. The transfer of technology from developed
countries to less developed countries has shortened the time required
for LDC's to reach more advanced levels of technological development.
However, the direct transplanting of water and wastewater treatment
technology has not led to satisfactory utilization of either foreign or
domestic resources. The approach needed is an innovative use of known
technology as well as the devising of new technology in order to arrive
at the simplest and cheapest treatment methods possible while taking

advantage of local manpower, materials, and socio-economic goals.

23
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The purpose of this text was to present a method for selecting the
technology suitable for maintaining simple, lower cost water and waste
treatment facilities for small as well as larger communities in devel-
oping countries. This involves selection and assembly of the most
useful and pertinent contributions from the world's technical litera-
ture on low cost approaches; the obtaining of design criteria, opera-
tion requirements, and actual test data; and the assembling of cost
figures on past and current technology for water and waste treatment.
The ultimate objective is to harmonize this material with the human
resources, skills, technology acceptance, as well as the culture,
economics, and other conditions prevailing in representative areas

in Asia, Africa, Latin America, and the Near East.

The key elements of this approach are: (1) systematic evaluation
of the importance and interrelationships of all relevant aspects of
the problem, such as technical, economic, social, political, and
cultural factors; (2) assessment of alternative courses of action;
and (3) analysis of benefits and costs or cost effectiveness on the
basis of which policies can be determined and decisions made. Empha-
sis, then, is on obtaining a grasp of the total picture, putting the
pleces together in a practical and usable way, so that international
health organizations, lending agencies, and regional, national, and
local institutions will have a viable planning tool.

For some time now, water has been recognized as a high level
priority for LDC's, and the principal reasons given for past failures
in this area, have.involved problems associated with inappropriate

technology. Concentrating on the mechanics of technology transfer
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(including problems of implementation) should improve the situation
for donor investments in LDC water systems. In order for proper

overall development of a country to take place it is necessary for
that country to have the ability to feed its own people and provide

for social services such as health and education. Pure water is then

a necessary but not a sufficient condition for development. If this

ability to provide for these basic elements is not realized, techno-
logical transfer can lead to a type of colonialism.

Technological transfers can be conceived of as going both ways.
For example, DC's are learning more about the use of aqua culture from
experiences in LDC's; however, the major exchange is in the opposite
direction as is shown in Table IIL.1.

The simple transplant and utilization of developed countries'’
technology at developing world sites is seldom the answer, whereas
viable solutions can be provided by the unique application of DC
science to LDC problems, or by an intermediate position, where DC
technology is modified or adapted to LDC countries. The following
diagram (Figure II.1) indicates the way in which these problems and
their solutions can be interrelated with science and technology.

Whereas scientific research is concerned with the increase of
knowledge and understanding and usually results in publication, tech-
nology is directed toward application to a new use or user. It may
be a direct application, or there may be a need for adapting or tai-
loring. Innovation is initiated not just through the generation of
an idea or invention, but it can also be stimulated by recognition of
a need or technical opportunity. Most successful innovations derive

from need recognition rather than from idea generation or inventions;
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TECHNOLOGY
INNOVATION

SCIENCE

RESEARCH, INVENTION OTHER TECHNOLOGY

ENVIRONMENT
PROBLEMS, SOLUTIONS

Fig. IIL.1. Interrelationships among science,
technology, and problems and solutions
in the environment.
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that is, innovations come about as a result of demand rather than
simply from the results of scientific research. Thus, environmental
factors can be seen to determine to a large degree the chances for
a success or failure of a particular innovation, and the chances for
successful innovation are greatly enhanced if environmental conditions
conducive to innovation are established.

In addition, there is usually a lag between science or invention,
and subsequent application. As illustration, there is the example
of pasteurization, which was discovered in the 1880's by Pasteur.
It was later applied to prevent the spoilage of wine (France), permit
the export of cheese (Holland) and beer (Germany), and many years later
to prévent bovine tuberculosis (United States). The process of tech-
nology development historically has followed a series of "S" curves,
responding to increasing urbanization and resource use. See Figure II1.2.
When applied to the development of water and sewage treatment, the
patterns (greatly abbreviated) would appear as in Figure II.3. Whe;e
new technologies were required, they were developed. Since water is
a reuse commodity, water treatment and wastewater treatment are closely
related. Frequently over the years water treatment has been given
priority over sewage treatment. That is, the filtration and chlorina-
tion of water supplies was thought to be a more certain way to pro-
tect public health and also a cheaper way than éewage treatment. With
the enormously increasing water requiréments of DC's, methods for
direct reuse have come in for serious consideration.

One other concept should be examined, namely, that of economy
of scale. With economy of scale, the unit cost of a process decreases

with increased size of operation up to the point of diminishing returns
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or marginal return, at which time a new process becomes more appropriate.
An example of the operation of this concept in the area of water treat-
ment may be seen in Figure I1.4. In achieving economies of scale in
DC's, increasing amounts of resources, energy, and population have been
brought together.

Increased urbanization and industrialization, whether in LDC's
or DC's, can be expected to elicit new and responsive technologies,
even though they cannot be specifically predicted in all instances.
As a society develops and passes through the progressive stages

of hunting and fishing, subsistence agriculture, manufacturing,

mass production, and post-mass production, alterations occur in its
religious, governmental, and other human organizations, as well as in
its utilization of energy, food, water, and technology. Evidence indi-
cates that a technology which is appropriate for certain levels of
development of a particular society, may also be found appropriate

for other societies at comparable levels of development.

The industrial technologies in use in developed countries have
been designed to suit their conditions, that is, high~cost skilled
labor, adequate supplies of capital and of technical and managerial
skills, relatively large high-income markets, and virtual full employ-
ment. Large markets in the DC's offer opportunities to take advantage
of economies of scale, and there is strong pressure to economize on
labor as a means to increased productivity. 1In LDC's the situation
is very different. Capital and skilled labor are in limited supply.
Often there is an abundance of unskilled labor and a high level of
unemployment and under-employment. Domestic markets in LDC's tend

to be small with low purchasing power. Without well developed internal
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Fig. II.4. The effect of economy of scale
in water treatment.
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or external markets, these countries cannot normally take full advantage
of economies of scale. The best use of resources in LDC's requires

the development of both efficient capital-saving and efficient labor-
intensive techniques. This is essential if capital is to be used more
effectively and if the labor force is to be given useful employment.

In changing from their traditional methods, developing countries
often have to use the immediately available technologies, even when they
are unsuited to their economic and social conditions. This occurs
because they might otherwise forego important development opportunities
when they lack the capability (skills or infrastructure) for devising
an indigenous technology or for appropriately adapting one from foreign
sources. In response to such situations direct technology transfers
have been suggested which include training programs. An example would
be the installation of a high technology plant accompanied by the
training of local manpower in its operation. In such a case, the prob-
lem of retention of trained operators arises. For example, a person
trained as a water chemist might not remain with the water plant because
of an in-country shortage of chemists and the possibility of a larger
salary elsewhere. When technically trained people are in short supply,
industry, not government, gets first choice. Thus, this system has a
"leak." This problem can be resolved as the educational level pro-
gresses to a point where skilled personnel such as the water chemist
become more generally available. It is possible, also, that a process
requiring technicians or engineers will require that both wages and
training be augmented. In Figure II.5, the availability of in-country
technicians is shown to rise from a position of deficit to a position

of surplus, with the passage of time.
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If a process is only slightly advanced beyond the LDC's current
capability for maintenance and operation, these functions could be
externally supported for a period of time. Unfortunately, the problem
is more extensive, including the entire web of support materials and
parts. Most failures in transfer are accredited to shortages in opera-
tion and maintenance and the unavailability of reasonably priced spare
parts. LDC's frequently seek assistance in the form of personnel and
parts for maintenance and operation; however, this does not lead to
self sufficiency.

In early stages of development there is a need to rely almost
entirely on imported technologies, with local efforts concentrated
on adaptation to suit local conditions, resources, labor skills, and
social institutions. Manufacturers will generally expect a profit
from their technology if it is successfully adapted, and there are
real problems of rights and patents to be resolved as transfers are
accomplished. The donor does stand to risk the loss of markets. As
development proceeds, local resources can be increasingly allocated
to research and development (R and D) and local manufacture, and depen-
dence on imported technology can be reduced. DC's expend considerably
more money on research than LDC's, 100 to 1000 times as much, but at
any stage it would be wasteful to apply severely limited resources to
reinventing technologies already in existence and available through
copying or licensing. Imported technology and local R and D are not
alternative policies; they must complement each other.

The words hard and soft are used to distinguish different types

of technology. Hard technology refers to forms which are expensive,
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capital-intensive, complex, not readily adaptable to materials other
than highly precise standardized ones. In contrast, a technology is
called soft when it is relatively inexpensive and labor-intensive,
flexible and adaptable to local materials of non-standard quality.

It can be installed, repaired, and maintained by people of modest
technical training. The concepts of low, high, or intermediate tech-
nology are also used. In any system of concepts, the problem is in
the selection of a compatible or appropriate technology. In an LDC
this could mean a technology on any level, including at times a hard
or high technology. On the other hand, soft as well as intermediate
or low technologies are frequently the most appropriate. Considering
choices of technology, Schumacher has said that "for developing coun-
tries there is, on the one hand, a very low level of technology which
does not keep people going except in relative misery, and, on the
other, the rich man's high-level technology which is outside their
reach." (36) This statement re-emphasizes the importance of finding
alternative, compatible and appropriate technologies for these situa-
tions, and intermediate technology is often the answer.

The main obstacles to application of a new technology are econo-
mic and social, including education, communications, acceptability of
new ideas, administrative effectiveness, business enterprise, and
political leadership. The client/engineer/bank interface is an impor-
tant problem in implementation. Social and cultural traditions are
often positive barriers tb change. 1In general, technological transfer
and diffusion is a cultural, social, and political process, and not

just the imitation of manufactures. Given the inherent difficulties,
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transfer and diffusion cannot be expected as a spontaneous process,
but require institutionalized channels of action.

Technical change affects the way men make a living, their social
habits, their entire way of life, and it is inevitably disruptive of
established attitudes and practices. All societies havevsome built-in
resistance to change and a strong inclination to maintain the status
quo. The capacity of a society to assimilate new technology depends
on both its capacity to adapt the technology to its own conditions
and its capacity to adapt itself to the needs of technology. Some
technologies are readily accepted, but others may require a massive
education program. It has been observed by sanitary engineers for
several decades, that water plant designs based on current DC practice
which do not take into account local conditions are doomed to failure.

The formulation of water resources strategies requires a full
knowledge and close personal contact with the basic facts, traditioms,
and goals of the overall social and economic development of the region.
It is also an endless iterative process in which continuity may be
maintained only through a reasonable stability in the top leadership.
All this suggests that the most important criteria for policy for- |
mulation should stem from experts native to the region, whose personal
judgement and knowledge can benefit from the experiences of regions‘
more chronologically advanced (through studies, visits and personal
contacts prior to and during their term of service). Decisions on
basic questions of water resources policy should be based on a well
balanced consideration of many elements covering almost all sectors
of the region's economic structure. Inputs should be made from the

advances in many different fields of science and technology. When
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it is difficult to include specialists in the decision process,
consultation should be carried out utilizing input from experts having
broad orientations in water resource problems.

There is an advantage for LDC's in using technology which has
been developed and used in DC's for a sufficient period of time so
that societal impacts will have matured and been observed, and this
type of technology use has a retrospective aspect. As tﬁe process
continues, barriers which may have contributed to failures will be
reduced by the de#elopment of centers of applied research, informa-
tion systems, and in-depth local expertise,

-The rapidly changing patterns of water use, and more particularly
its increased use for waste disposal, indicate that man is currently
in a transition phase from the days of assumed water plenty to the
time in the immediate future when the use of water will be governed by
much greater care and efficiency. Although subsidies from local,
regional, or national budgets for certain water uses will certainly
remain significant features of water resources policies, there should
be an increasing awareness and adaptation to the fact that the effi-
cilent use and rational conservation of water resources may be achieved
only through an economically oriented approach.

A clear differentiation between total annual cost and revenue
should frequently lead to changed rate patterns, and to an increased
role for economic incentives. The expertise of economists with overall
experience in natural resources management may greatly facilitate
the assessment of the actual and potential role of economic incentives

in water resources development and management.



CHAPTER.III

Prediction Methodology
for Selection of Suitable Water
and Wastewater Processes

The three sections included in this chapter are shortened and
revised versions of the original publications which they represent.

In them is presented an ordered method of selecting the most appro-
priate technology for water and wastewater treatment for a particular
site and at a particular time, according to the material and manpower
resource capabilities available. The primary concern is drinking water
and wastewater for organized communities, including those for which
management systems for on-site processes would be appropriate.

In the first section explanation is made of the selection metho-
dology which involves the systems approach and aggregate modelling.
The systems approach permits the analyst to look at various interrela-
tionships and decision options at one time while aggregate modelling
uses average values for attributes of the real-life situation under

study. The attributes for LDC modelling must be representative and

39
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iist be based on available data on the LDC site either obtained directly
of through the aid of a siirrogate.

The output of the model displays compatible water supply and
severdge tréatmenf alternatives for a specified community in the base
year and at thé erid of each of four inérements of five years. For
the alternatives provided, informatiod is given on capital and mainte-
nance costs; manpower requiremefits, the population to be served, and
the plant scale which Would be tequired.

In the secorid section of this chapter, data férms are included
which were designed to use in collecting the basic information needed
for the use of the predictive model, while the third section pro-
vides a manual computation application of the model together with an
example problem which has beén worked out step by step. This manual
method will suffice in most instances, although a computerized version

has been developed.
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ITI.1.

PREDICTION METHODOLOGY FOR SUITABLE
WATER AND WASTEWATER PROCESSES

George W. Reid and Richard Discenza

The University of Oklahoma developed a predictive model to help
planners select suitable water and wastewater treatment processes appro-
priate to the material and manpower resource capabilities of particular
countries at particular times. This technique will eliminate the problem
of overlooking good processes for water and wastewater treatment. Pre-
sently the model is limited to evaluating the plausible treatment methods
for a single community. However, it can be easily modified to provide
cost information on a regional basis. Through the use of this computer-
ized model, a large amount of data/information can be processed quickly,
and the resultant output will display the consequences of all the various
actions including all relevant costs. Such a display will, in most cases,
enhance the design engineerfs professional judgement. For those planners
who do not have access to a computer capable of executing the model, a
manual approach was developed.

The initial form of the model was validated in-house and in the
field. The in-house validation included: \

1. comparison of model outputs with data from existing treatment

facilities in developing countries; /

)

Norman: The University of Oklahoma Bureau of Water and Environmental
Resources Research, October 1975. (80 pp.)



42

2. identification of user application problems (users such as
consultants, planners, and bankers);

3. inclusion of new interpretive/adaptive technology and state-
.of—the—art information to broaden the available treatment pro-
cesses and levels of applicability.

The field validation work consisted of model runs by selected users to
ascertain that the appropriate data could be obtained to run the model.
The primary objective of this phase of the validation process was to
ensure that imput data requirements could be met in various developing
country situations where substantial national and/or local environmental,
economic, or social data are not generally available.

This modei was originally presented in a United States Agency for
International Development publication and a World Health Organization
publication (2,3), and a sample computer printout was included. In
addition, a listing of the computer program was presented in a supple-
menﬁary USAID publication (4). Experience has shown that documentation
beyond the logic diagram is not useful due to the variety of computer
equipment that is available to prospective users. Therefore, this pub-
lication includes the logic diagram together with the step-by-step pro-
cedure presented in manual form. An understanding of these items will
enable any programmer to proéeed to tailor a program suited to particu-
lar equipment needs. Actually, the support tables and calculations are

quite simple, and the manual procedure should suffice for most purposes.

\
METHODOLOGY f'

Figure III.l.]1 is an overall view of the éroposed planning model

data flow for the selection of a combination of processes. This metho-
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dology usesleighteen inputs that describe socio-economic conditions,
thirty-one inputs in five main categories that describe the indigenous
resources, two inputs that describe the demographic profile, and three
inputs that describe the raw water quality. This constitutes the raw
data. The method used to assure the appropriate process selection takes
two categories of raw data (socio-economic and indigenous resources)

and reduces them through a weighting process to four socio-technological
levels and five resource capability categories which are used with a
matrix of process constraints (in terms of manpower and material require-
ments) 1in order to screen for acceptable alternative processes for future
consideration. The model identifies basic individual treatment processes.

In practice, however, basic treatment processes are frequently utilized

in varying combinations, depending on the conditions of the raw water
to be treated or on the condition of the received waste streams.
Tﬁe individual processes determined acceptable by the model are thus used
to set up combinations of processes.

The limitation on combinations, in the case of water, relates to
initial raw water quality, and the screened combinations are designed
to provide acceptable groups or sequences of treatments which will bring
a raw water to a potable level. For wastewater, the limitation on the
combinations relates to effluent dilution available, which is expressed
either as a ratio of receiving water volume to waste volume, or alterna-
tively as a ra;io of CFS/1000PE (i.e., cubic feet per second of receiving
water flow/waste load equi?alent to that produced by 1000 people in one

day). The constraints are subject to alterations; that is, various coun-
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tries may elect various levels of quality. The levels used for this
study were based on current international levels. As an LDC develops,
more attributes will be monitored, and the allowable values of each
attribute will decrease. See Figure III.1.2.

Next, the processes involved in the suitable combinations are
located in terms of size of population group to be served or scale, and
in terms of.socio-technological levels, and a matrix of capital costs,
operation and maintenance costs, and manpower requirements is applied.
This matrix is developed by empirical analysis of data from more devel-
oped regions, regression analysis of regional or national data from
developing countries, or real entries of local data. The final step in
the model will provide the least cost process combination, in terms of
total cost or in terms of maintenance costs, as desired. A stepwise,
block-by-block characterization of the model process follows.

Block one--social-technological factors (STF). These inputs are

defined as the sum of socio-cultural and socio-economic factors relevant
to the model that are essential parts of any community or group of people.
The variables were selected on the basis of the availability of related
data at the local level and their ability to reflect the level of devel-
opment at the community level. The characteristics of the eighteen vari-
ables used are briefly described below:
1. Five broad levels of education are specified: none, primary,
high school, technical institute, and college. The economically
more developed communities generally provide opportunities for

higher levels of educational attainment.
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Constituents
to be Removed
in Water
Treatment

Constituents
to be Removed
in Wastewater
Treatment

Fig. III1.1.2.

Increase in

"Increase in

—

CARCINOGENICS

VIRUSES

ORGANICS

CHEMICALS, TOXICANTS

SOLIDS (TOTAL DISSOLVED SOLIDS)

HARDNESS, TASTE, AND ODOR

Restrictiveness of Removal Goals

BACTERIA

Increase in Socio-Economic Level

THERMAL POLLUTION

NITROGEN, PHOSPHORUS

BIODEGRADABLE MATERIAL (BOD)

Restrictiveness of Removal Goals

SOLIDS (SUSPENDED SOLIDS)

Increase in Socio-Economic Level

Conceptual representation of socio-economic
development bringing additional treatment para-
meters and more restrictive levels of control.
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Distribution of the labor force is expressed in terms of the
percentage of professional, skilled, and unskilled workers who
are in some way connected with the market economy. In a sub-
sistence economy, only a very small portion of tﬁe total popula-
tion is engaged in market activities. At the advanced level
of development, a large percentage of the total population is
active in the market, and these workers have expertise levels
equivalent to the professional and skilled categories.

Income characteristics generally reflect the level of develop-
ment. A larger per-capita income generally denotes higher
levels of development.

The percentage of non-indigenous workers in government and in
industry is also used as an indicator of development. Low
levels of development: generally require that the majority of

skilled and professional jobs be held by non-indigenous workers.

These variables relate to the investment that a community has
in the education of its youth. When schools are operated by
voluntary agencies or missionary organizations, the level of
development of the community tends to be at a low level.
Increases in the standard of living tend to bring compulsory
education to at least the primary level. The general accessi-
bility of schools to a community is an indicator of the level
of development, and generally, the higher the grade offered,
the higher the level of development.

In-service training programs are generally not available in
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11-12,

13.

14.

15.

less developed areas. These programs often become more avail-
able as the need for higher skills and more expertise in tech-
nical areas is required in the community. These in-service
programs may be offered through agricultural extension and
community development programs.

The availability of a college chemistry department gives some
indication of the technical expe;tise available in the community.
It also provides a potential place for the testing of water
quality characteristics. The availability of a college or
university education indicates a high level of development.

The community fiscal level relates to the ability of a community
to meet the needs of improved water and sewage treatment by pro-
viding for some, if not all, of the funds required for these
improvements. The response to this question is not used in
computing the STL. \If response (2) is indicated then a lowest
maintenance cost alternative will be sought by the model. (See
"Data Requirements," I1II.2, below.)

Rampant unemployment is characteristic of communities at a

low level of development, and the bulk of those unemployed

will be unskilled workers. Generally, the unemployment prob-
lem decreases as the level of development increases.
Agricultural extension services tend to improve as the level

of development increases. The main hurdle at lower levels

of development is that the appropriate organizational and
institutional structures lack the means to implement and admin-

ister extension services.
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l6. 1If most or all of the college studeats receive their higher
(third level) education in neighboring communities or abroad,
this indicates that the community is at a lower level of develop-
ment,

17. The level of technology available is a generalized data variable
that calls on the experience of the planner. It simply asks
what level of development is available as signified by four
'general categories of technology: hand tools, mechanical
tools (e.g., gasoline-powered equipment), chemical products
(e.g., use of fertilizers and/or chlorine), and electronic
technology.

18. The government's role in the labor market also gives an indi-
cation of the level of development. At low levels of develop-
ment, the local government tends to be the major employer.

As development increases, employment in private or non-govern-
mental-related activities tends to increase.

19. Public employment services are generally only available at
high levels of development.

Block two--indigenous resources (IR). The second group of raw

data inputs is concerned with the indigenous resources (IR) available
within the community. Data about the local resources and the present
technology available for a community is bas;d on the variables shown
below. The list is made up of supplies and materials needed for the

operation of a wide variety of water and wastewater treatment systems.

The availability of these items is matched, within the model, against
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the requirements of the various processes. Those processes which require
materials or resources not locally available are eliminated from the
plausible treatment alternatives suggested by the model. The data input
variables related to these local resources and materials include:
1. operation equipment
a. water meters
b. soldering equipment
¢c. acetylene torches
d. recording devices (e.g., thermostats)
e. laboratory equipment (e.g., test tubes)
f. portable power plants (e.g., portable gasoline-powered
electric generators)
g. motors (e.g., one to three horsepower electric motors)
h. water pumps
2. process materials
a. pipe (clay, steel, cement, plastic, copper, etc.)
b. pipe fittings
c. paint
d. valves
e. tanks
f. wvacuum gauges
g. heat exchangers
3. maintenance supplies
a. silica sand

b. graded gravel
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c. clean water

d. gasoline
4. chemical supplies

a. Al,(SOy)3 (aluminum sulphate)

b. FeCly (ferric chloride)

c. char (activated charcoal)

d. Ca0 (lime)

e. NayCO3 (godium carbonate)

f. Cl, (chlorine)

g. O3 (ozone)

h. laboratory chemicals (e.g., litmus paper)
5. water source

a. river or stream

b. 1lake or impoundment

c. wells (is groundwater available?)

d. sea or brackish source.

Block three--demographic data (DD). These two types of inputs to

the model were designed to include that demographic information which
was most readily available. They include figures on the present popu-

lation and the average growth rate. Two different population parameters

can be specified in the input data, one for water and a second for
wastewater.

Block four--raw water quality. The fourth and final group of

inputs consists of the results of tests performed on the raw water:
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1. The presence of the coliform group of bacteria in terms of
most probable number per 100 milliliters (MPN/100 ml).

2. The measurements of turbidity, hardness, iron and manganese,
end total dissolved solids (TDS).

3. The receiving water dilutions available as specified, if possi-
ble, by the biochemical oxygen demand (BOD--5 day, 20°C) con-
tent of the wastewater.

Hopefully, these data would be currently available for the site; if
not, then national, regional, or similar data could substituted.

Block five--relative social-economic weighting factors (Wgy).

The data inputs identified in Block One are weighted (see Table III.1l.).
For example, educational attainment is a good indicator of development
and has been given greater weight than the distance to the nearest

high school, since the distance may not be important if the community
has a good transportation system. The weighting process is flexible
and can be modified to satisfy the requirements of local conditions.

Block six--relative indigenous resource weighting factors (Wj,.

Block Six depicts the grouping process designed to determine if a group
of related indigenous resources is available (see Block Two). The
basic assumption underlying this grouping is that the items listed in

the data sheet are only representive., If the majority of these items

were designated as available, then the group (e.g., chemicals) would
be considered generally available in the community under consideration.
(Majority here means seventy percent, and this judgment value can be

altered as needed.)
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TABLE III.1.l1

WEIGHTING FACTORS FOR SOCIAL-TECHNOLOGICAL
LEVEL DETERMINATION FOR COMMUNITIES
IN LESS DEVELOPED COUNTRIES

Data Form

Descri?tion of Part I1I, Ques- Pos§ib1e Weighting
Variable . Choices Factor
tions No. 1-19
Level of Education 1 1 0
2 5
3 10
4 15
Distribution of Labor Force 2 1 0
2 5
3 10
4 15
Income Characteristics 3 1 0
2 4
3 8
4 12
5 15
Percent Non-Indigenous Workers 4 1 4
in Government and Industry 2 3
3 2
4 1
5 0
School Operators 5 1 0
, 2 5
Highest Grade Offered by Local 6 0 0
School 1 -6 2
7 - 10 4
11 - 12 7
12+ 10
Distance to Nearest High School 7 1 3
2 2
3 1
4 0
Availability of Technical and 8 1 5
Vocational Training 2 0
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TABLE III.1.1--Continued

_Data Form

Descrl?tlon of Part III, Ques- Posslble Weighting
Variable . Choices Factor
tions, No, 1-19
Compulsory Primary Education 9 1 10
0
Availability of In-service 10 1 . 5
Training Programs 2 0
Local College or University 11 1 10
2 0
Chemistry in Local College 12 I 3
2 0
Unemployment Level 148 ' 1 0
2 5
Availability of Extension Services 15 1 3
2 0
Schools of Local College Students 16 1 0
2 3
Level of Technology Available 17 1 0
2 5
3 10
4 15
Government as a Labor User 18 1 0
2 5
Availability of Public Employment 19 1 ' 5
Services 2 0

8Question no. 13 is not used in computing the STL.
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Block seven--social-technological level (STL). The values of the

weighting factors from Block One are totaled, and a socio-technological

level is assigned according to the following weight schedule:

Socio-Technological Level (STL) Range for Total of Weighting Factors.
1 1-23
2 24-51
3 51-93
4 93-133.

Block Seven determines the manpower availability in three skill
categories, based on the socio-technological level established for the
community. The occupations required on water and sewage treatment pro-
grams in the post-construction stage fall into the following categories:

A. professional

B. skilled and craftsmen

C. unskilled and semiskilled.

The main emphasis of the scheme is on operating personnel, as opposed

to construction personnel, since investigation to this point has indi-
cated that failure of a project due to lack of persomnel almost always
occurs during operation and maintenance rather than during construction.
The decision rules developed for the model, provide the following man-
power constraints for each of the four social-technological levels:

1. In Level I communities only unskilled or semiskilled manpower

is available (Category C only).

2. 1In Level II communities and in Level III communities with

populations under 50,000 only unskilled and some skilled labor
is available (Categories C and B only).

3. 1In Level III communities with populations over 50,000 and in



56

Level IV communities, all categories of manpower are avail-
able (Categories A, B, and C).

The model will ensure that the treatment method selected can be
maintained with workers from the local manpower supply. This is as
opposed to instruction or special training of personnel which of course
is an alternative. The purpose of this is to avoid the manpower prob-
lems which arise from the installation of processes without regard to
the availability of local manpower to repair and maintain the treatment
operation.

Block eight--resource capability (RC). Any number or all five of

the resource groups can be available to a community.

Block nine--population forecasting (POP). The first portion of the

population submodel makes forecasts for the total population of the
community under study for each five-year planning interval. The routine
is in a loop so that it is used repeatedly. The model that determines
the popula

mple; the inputs used are the present popula-
tion and the annual population growth rate. Although this simple model
does not take into account other factors that have an effect on the
population of a community, it should give a close approximation of the
population if the change is at a fairly constant rate. Population
changes are highly contingent on the rates of change in the industrial
and commercial institutions of a community. If the average growth rate

is not expected to vary appreciably during the time period being forecasted
the method should give a good approximation of the so-called "norm"

of the community. This "norm" will be what the area would look like

if "nobody tinkered with the works."
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Blocks ten and eleven--process constraints; available processes.

The next step carried out by the model is the selection or screening

of feasible processes, baéed on the STL and the RC of the community, as
well as individual process constraints. (See Table I1I.1.2.) Processes
that are too sophisticated or those requiring resources not available
within the community are eliminated from further consideration. There
may be cases where all the processes will be eliminated, and there will
be no feasible combinations reported by the model.

Block twelve--schedule of acceptable combinations to bring the raw

water to the desired quality. Table III.1.3 and Figure I11.1.3 show

the various combinations of basic processes that are frequently used
depending oan the conditions of the raw water to be treated or on the
degree of dilution available to waste flows. On-site sewerless pro-
cesses are competitive for all four population‘classification levels,
as shown in Table IX.1.33.

Block thirteen--suitable combinations. This block represents a

critical decision point in the model. At this point, the array of pro-
cess combinations presented in Block Twelve are matched or screened
against the individual processes that have been selected as feasible
according to the socio-technical level and the indigenous resource capa-
bility of the community under study. The results of this decision
analysis give a list of one or more combinations of processes that can

be considered plausible for the community. The screened combinations
provide a sequence of treatments for raw water that bring it to a potable
level. For wastewater, the screened combinations are based on the

effluent dilution available, which is expressed as a ratio.
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TABLE III.1.2

PROCESS CONSTRAINTS--

WATER AND SEWAGE TREATMENT PROCESSES WITH

ESSENTIAL MANPOWER AND RESOURCES REQUIRED FOR OPERATION

Process Manpower Resources Required
Requirements
@ )
~ )
o -~
Lal —
~ a, —
~ o a @ >
] e L) =3 [T
T o §legw = & ? 5354
;ea}t\ment 3 > EE X §¢ o 357
ethods ax IS % 9|08 8§ §2 % ©24
v v -~ ~ [ [ =Y [ oo o [ e ]
Y .0 ~ ~ — W o g ¢ E  OOGH
o E (o] o o L 3 0 ~ o w PER VI
I = X 4 a. o 3 g 2 L LIRSS
-3 =) n oK o =ha U zo<
No Treatment PW1 X X x
Pre-Treatment PW2 X X
Slow Sand Filtration PW3 X X
«» Rapid Sand Filter--Conven-
g tional PW4 X X X X X X
L]
]
¢ Rapid Sand Filter--Advanced PW5 X X X X X X
&
., Softening PW6 X X X b X X
o
&
:‘g Disinfection PW7 X X X X X
Taste, Odor--Fe, Mn PW8 'S X X x X
Desalting-~Salt PWY x X x X x X
Desalting~~Brackish PW10 X X X X X X
Containment Filter PWII8 | x X
Primary--Conventional PSl1 X
o
]
& Primary--Stabilization Pond PS2 x
o
3]
S Sludge-—-Conventional PS3 X x x x x
Y
¥ Sludge-Advanced PS4 X X x x x x
(]
o
=  Sludge-Combined (Imhoff) PS5 x X x
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TABLE III.l.2--Continued

Process Manpower Resources Required
Requirements
) o
- ]
o -
i —
Lol [=9 ~
~ ) [ TR RN
« o o 3 0o o
= < 3] [ I Y S
Treatment ° o e = c 3 9
1] -l (o3 =1 [L ] ~ o 3 A
Methods 0 ~ o 0 | A Q ) c W T v Y.Q
0 N —~ @ w | = E @ o~ O £«
U Nl — V] © A o oo ot MD3 4
(T =} S — Ut ot (5] e a E v 0o
os ] -~ Q (-] o =) U o N g
[ o] [=] o bt c. T ol gﬂ = g O >
2 =] 0 a, | O A nU =
Secondary--Standard Filter Psé X x X
Secondary--High Rate Filter PS7 X X X X X b4 X
@ Secondary--Activated Sludge PS8 b X X b X X
@
9]
@ Secondary--Extended Aeration PS9 X X X X
3
X Disinfection PS10 X X X
g a
2 Aqua Culture PSll X
e
Dilution PS128 | x
Individual PS133 | x x
Individual (Advanced) PSi4® X X X X

4pWll and PSl11, 12, 13, and 14 are listed for completeness here and elsewhere
in this publication. These processes could easily be incorporated in the model,
although they were not so included for this study.
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Raw Water
Coliform Level
(MPN/100 m1)3

p— NONE 1 -2
F—SEDIMENTATION 6
| _sLow sanp
BASIC FILTRATION 100
RAPID SAND FILTER
WATER L ) ,
TREATMENT_— DISINFECTION 2000
— SOFTENING
———AUXILIARY — TASTE, ODOR, COLOR
—— DESALTING
Receiving Water
Volume (7-Day
Low Flow Level)/
Waste Volume@d
LAND APPLICATION
GROUND INJECTION
== ON-SITE
SEWERLESS UNITS
AQUA CULTURE
DILUTION 40/1
¥22§$§2£$R——1N-Tmsnb—-ESTABILLZATION POND
AND DILUTION 8/1
r—-PRIMARY 20/1 - 10/1
— CHEMICAL 10/1
PRIMARY AND
b OFF-SITE SECONDARY 6/1
—DISINFECTION 2/1
L— TERTIARY (for reuse)

4Traditional standards of coliform concentrations and available
dilution ratios.
bcan be applied in-stream or in-sewer.

Fig.

III.1.3.

Water and sewage treatment
classification/decision tree.
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Block fourteen--schedule of cost. Since U.S. data are readily

available, empirical methods used in calculating costs of treatment
facilities in developing countries are based on U.S. costs. This was
accomplished for each particular process, by breaking down operation
and maintenance costs and construction costs into basic components,
i.e., labor and material. Coefficients for a cost transfer equation
are produced from socio-economic data collected for developing areas.
Manpower requirements are obtained from U.S. data according to
social-technological level and population scale level. Regression
analysis and local data are also used to create the cost matrix. (See

Chapter IV below).

Block fifteen--cost. Construction and operation and maintenance

costs as well as manpower requirements are estimated for the selected
combinations of processes based on the social-technological level and

the size of community.

Block sixteen--most compatible process combinations. The output

of the model provides compatible water supply and sewerage treatment
alternatives for a specified community in the base year and at the end
of each of four increments of five years. There are thus five pages
of output for each community. The details provided include:
1. total cost over an ensuing twenty-year period as well as the
capital or construction cost and the yearly maintenance cost;
2. manpower needed for the effective maintenance and operation of
the plant or plants, by three categories, unskilled, skilled,
and professional;
3. the output of both treated water and/or the amount of sewage

influent that the lowest cost combinations of processes will
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handle; and
4. the population to be served under the proposed lowest cost
sysﬁem.

One further subcharacterization of the combinations of processes
as specified by the model can be made. The basic classifications of
PWi and PSi may still require significant variations within the cate-
gories or conbinations selected by the model. In short, once the final
combination of processes has been selected, a final sort is possible
manually on the subcategory of Pwi's and PSi's. For example, with slow
sand filtration (PW3), the following variations are possible: conven-
tional, manually cleaned; upflow; crossflow (dynamic); and dual media.
These subprocesses, along with their individual contraints with regard
to STL, are shown in Table III.l1.4., and are assumed compatible within
their categories and community level constraints.

Finally, there has been a basic assumption that all the processes
(Pwi and PSi) require some sort of public or private infrastructure
to oversee the construction and operation of the individual treatment
installations. However, there is not necessarily a physical system
serving multiple dwelling units associated with every treatment operation.
For example, individual PS13's can be built, supplied, and maintained
by an organization, but they are physically limited to a single family
unit. A further assumption is that the individual systems (family units)
are reasonably competitive with the other processes or combinations which

are subject to the constraints specified in Table III.l.4.



TABLE III.1.4

WATER AND WASTEWATER TREATMENT PROCESS SUBCHARACTERIZATION?

Socio-Technological
Processes

Constraints
WATER
PWlI no-treatment
a. groundwater Usually limited by size
b. catchment control ) to less than Level 1IV.
PW2 pre-treatment
a. turbidity/sand--plain sedimentation Level 1
b. algal control--thermocline controlP Level IV
c. copper sulfate (CuSO,)P Level III
d microscreenb Level IV
PW3 slow sand filtration
a. conventional, manually cleaned Usually limited by size
b. upflowb to less than Level 1V,
c. crossflow (dynamic)b
d. dual mediab
PW4 rapid sand filter--conventional®
a. conventional Level III
b. surface agitation (air, water, mechanical) Level III
c. dual media (sand and artificial) Level III
d. upflow Level 1V
PW5 rapid sand filter--advanced®
a. multi-media (sand, garnet, coal) Level 1V
b. plate or tube settling as part of system Level III
c. polyelectrolytes (cationic and anionic) Level IV
d. biflowb Level IV
e. dynamigb Level IV
f. wvalvelessb Level 1V
PW6 softening
a. lime soda Level III
b. zeolite Level IV
PW7 disinfection
a. chlorine Level III
b. 1iodine Level IV
c. ozone Level IV
d. wultraviolet Level IV

e. lime, CuSO Level I
f. energy? (pasteurization) Level II
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TABLE III.l.4--Continued

Socio-Technological

Processes :
Constraints
PW8 taste, odor--Fe, Mn
a. aeration Level II
b. zeolite Level IV
c. chlorine Level III
d. adsorbent--charcoal Level III
PW9 desalting--salt Level IV
a. multiple effect (multiple distillation)
b. freezing out
c. pressure
PW10 desalting--brackish Level IV
a. electrodialysis (ED)
b. reverse osmosis (RO)
c¢. chemical
PW1ll containment filters Level II
a. Dunbar
b. coconut fiber/charred rice husksb
c. asbhestos/charred pine needleb
WASTEWATER
PS1 primary--conventional Level 1
(separate from
sludge treatment)
PS2 primary stabilization pond
a. single cell Level 1
b. multiple cell Level II
PS3 sludge-conventional
a. conventional Level III
b. heated Level II1
c¢. thickened Level IV
d. staged, including mixing Level IV
PS4 sludge--advanced Level 1V
a. Zimpro-Pyrolysis
b. incineration
c. fertilizer
PS5 sludge combined--Imhoff Level 1

PS6 secondary--standard filter Level II
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TABLE III.l.4--Continued

Socio-Technological

Processes Constraints
PS7 secondary--high rate filter Level III
a. Bio-filter
b. Accelo-filter
c. Aero-filter
d. contact stabilization filter
PS8 secondary-—activated sludge
a. minimum solids Level IV
b. conventional Level III
PS9 secondary-~extended aeration (oxidation pond) Le&el 111
a. oxidation pond
b. Dutch ditch (oxidation ditch)
c. INKA aeration unit used with oxidation ditch
d. aerated lagoon
PS10 disinfection--chlorine Level II
PS11 aqua culture Level T
a. fish culture--milkfish, tilapia, bass
b. wvascular plants--hyacinth, kang kung
c. ecological
d. dirrigation
a. coarse screens
b. fine screens
c. chemical precipitation, Guggenheim
PS13 individual and on-site units Level 1
a. septic tank '
b. sanitary pit privy
PS14 individual (advanced) units Level III

a. chemical
b. thermal
c. Clivus Multrum

aUnderlining indicates that a process is of particular importance in Less
Developed Countries (LDC's).

bRequires more field evaluation; not enough is known at present concerning
these processes.

€Includes Fe, Ca0O, and/or Al for coagulation; mixing; and settling.
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SCOPE AND LIMITATIONS OF THE MODEL

Since the perspective of the model is global, a large array of
treatment processes are considered potential candidates for the treat-
ment of water and wastewater. The array of processes is open to expan-
sion as new ideas are tested through the global network working on adap-
tive and innovative technological transfer. However, in certain areas
some processes lend themselves to greater probabilities for success
than others. To account for local variations, the model can be adapted
by the addition and elimination of processes as needed.

The model initially was limited to organized communities or nucleated
villages that range in population from 500 to 100,000 inhabitants. At
the lower level the limit was intended to include individual family sys-
tems, if they are collectively managed. At the upper limit, high popu-
lation concentration areas were excluded because they can afford pro-
fessional expertise and have generally been able to develop adequate
systems without the need for a planning model (1).

The model's data requirements are reasonable. The model is so
structured that information for up to thirty percent of the social-
technological items may be lacking, and still reasonable community iden-
tification can be achieved. 1In fact, one alternative would be to arrive
at the community level by simply consulting the scenarios in the section
on "Description of the STL Categories'" below, thus bypassing the related
data requirements entirely.

Another limitation of the model is that it deals only with water
treatment. Procurement and distribution methods and transportation of
wastewater away from households are not presently considered, although

they could affect treatment costs to some degree. However, this effect
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should not be too evident because water quality and system scale are

both included in the model.

DESCRIPTION OF THE SOCiAL—TECHNOLOGICAL LEVELS (STL)v

The approach in this study was to set up four levels of development
so that any community would be classified rather easily into one of these
levels. The level for a particular community could be determined through
use of the data collected on particular socio~cultural and socio-economic
factors (See Figure III.1.1, Block 1). The general characteristics of

each social-technological level are described below.

Level I communities. Level I communities are those whose economic

and social progress is dependent upon continued employment of outside
high-level manpower in a wide variety of core positions in the main

public and private institutions. At this stage the indigenous human
resources are insufficient, and alimost without exception external aid

is required. Normally, the Level I community is essentially an agricul-

tural soc

=

ety, with the majority of the population of the area being
rural or nomadic and engaged in subsistence activities contributing
marginally to a market economy.

There is a critical shortage of all categories of high-level man-
power: professional and subprofessional, administrative and clerical,
teachers, supervisors, and senior craftsmen. In many of these communities,
the total number of native persons in the population who have a secondary
education or the equivalent is certainly less than one percent, and in
some cases, it may be closer to one~tenth of one percent.

In many Level I communities, the population is no longer stable,
but is beginning to increase as progress is made in the control of

diseases with the expansion of health services. 1In some areas,
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overcrowding on the land, the initial thrust of education into these
areas, and the building of roads has encouraged the movement of people
to large towns and cities.

The education in Level I communities reaches only a small fraction
of the population; its quality is low; and it is incapable of meeting
even the minimum needs for local high~level manpower. Many of the schools
are operated by 'voluntary agencies" or missionary organizations, and
the variations in curricula are wide. In most of these communities, the
bulk of the primary school teachers are "unqualified" which generally
means that they have had little more than six or seven years of primary
schooling themselves. The characteristic pattern of most Level I commu-
nities is that many pupils start in the first grade, then drop out, and
then come back again as repeaters and drop out again.

Level 11 communities. These communities for the most part are

dependent upon the more advanced communities or central cities for criti-
cally needed scientific and engineering manpower. But they are able to
produce the greater part of their own non-technical high-level manpower,
such as teachers, managers, and supervisors with some assistance from
advanced countries or other areas within the country. 'They are unable
to develop enough strategic high-level manpower (particularly engineers,
scientists, and highly qualified teachers). 1In many areas, a large
portion, approximately half of the population, is engaged in subsistence
activities outside the market economy. Most of the agricultural popula-
tion produces at least some commodities which are sold for cash. 1In
some areas there is a nucleus of modern industry, and in some communi-
ties the industrial sector is sizable. Some communities have textile

factories and light metal manufacturing plants while others have large
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mining or petroleum companies, most of which are partly owned and
operated by foreign concerns. Banking and commercial establishments

are much more developed than they are in Level I communities, -as are

the systems of transportation and communication. Thus, the modern
sector of the community is larger and a great deal mecre complex than
that in the Level I community, and government employment no longer domi-
nates the labor market.

In nearly all Level II communities, there is widespread conscious-
ness of the need for rapid economic and social development, yet in most
cases there is no clear-cut strategy for achieving it. But in compari-
son with Level I communities, there is more widespread participation
of the people in the political life of the community and, consequently,
greater pressure for expansion of education and general improvement in
the standards of living.

Level II1 communities. The secondary school enrollment ratio is

three times higher than in Level II communities, and the primary enroll-
ment is fifty percent higher. There is available practically all of the
high-level manpower needed except for those occupations requiring scien-
tific and technical personnel. Although shortages of scientists and
engineers persist, they are not great enough to prevent the community
from successfully importing and adapting modern technology without
substantial external help.

The quantity and quality of high-level manpower in the Level III
communities if far less than those in Level IV communities. The Level III
community is a féllower rather than an originator of scientific, engineer-
ing, and organizational innovations. A community in this level has a

broad base of primary education with generally well-developed secondary
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schools and maybe an institution of higher education. It has not been
able to develop the research manpower and research institutes which are
characteristics of Level IV communities. In the area of manpower, though
capable of supplying initial minimum needs, institutions are often improp-
erly oriented to meet the challenges posed by rapid modernization. In
some cases, too many people are being trained in fields for which there
is insufficient prospective demand. Industrialization is well advanced
in Level III communities. Most of them are no longer predominantly
agriculturally oriented. Transport, power, and communication are, on

the whole, well-developed. There are, however, bottlenecks in such

areas as electric production, railrocad service, and irrigation, partly
because of a shortage of the skilled and technical manpower to build

and operate them.

Like many of the Level I or II communities, some of the Level III
communities have surpluses of unskilled human resources. Generally, the
salaries paid to high-talent manpower in science, engineering, and mana-
gerial positions in most of the Level III communities are sufficient
to attract young people to train for these fields. Government admini-
strative posts also carry high prestige and high salaries. There are
public employment services, although these tend to service blue-collar
workers rather than professionals. Some attempts have also been made
to establish registers of scientific and technical personnel, but gener-
ally the employment opportunities for these people are suificient without
the assistance of formal placement procedures.

Level IV communities. The typical community in the fourth level

of human resource development has an advanced industrial economy. It

is capable of making major scientific, technological, and organizational
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discoveries and innovations. This is because it has a relatively large
stock of high-level manpower, particularly scientists, engineers, and
managerial and administrative personnel. The community has made a

heavy commitment to education, especially to higher education, and té
human resource development in general. Since rapid changes in technology
affect skills and occupations at all levels in the advanced industrial
community, education and training tend to be geared to flexibility

rather than to specialization.

Measures of educational development show narrow differentials,
but they are still substantial. For example, Level IV communities have
more than three times the number of students enrolled in first-level
(primary) education than do Level I communities, and about one-fifth
more than Level III communities. The percentages of those enrolled
in scientific and technical facilities are higher, and of those enrolled
in humanities, fine arts, and law, lower in level IV communities than
in the other communities. Finally, Level IV communities spend more
of their income on public education than do Level I1I communities.

COST AND MANPOWER PARAMETERS (FOR SELECTED
WATER AND WASTEWATER TREATMENT PROCESSES
BY SOCTIAL-TECHNOLOGICAL LEVEL AND SCALE)

To obtain cost figures three methods may be used:  an empirical
analysis of U.S. data, regional or national multiple regression data
(cost~demand model included in Chapter 1V), and in-country or local
data. The first method was used to construct the cost-manpower matrix.
The results are given in Tables III1.1.5-24 which are in the appendix
on Chapter III. These data cover processes PWl through PW10, and

PS1 through PS10, PW1l and PS11, 12, 13, and 14 require additional

information.
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III.2.
PREDICTION METHODOLOGY FOR SUITABLE

WATER AND WASTEWATER PROCESSES:
DATA REQUIREMENTS

Data forms were designed to use in collecting the basic information
needed for the predictive model, using a format chosen for the purpose
of easy reduction by a computer. It is important that the data forms
be completed by an individual or team that is quite familiar with the
community involved, and every possible effort should be made to complete
all of the questions included in the data forms. When reliable data
are not available, estimates should be used which reflect variations
attributable to local circumstances and conditions. In short, careful
attention should be given to completing and supplying the information
requested on the data forms, since successful use of the model depends
on this inforﬁation. The data forms to be used with the model are

included in the pages which follow.

Norman: The University of Oklahoma Bureau of Water and Environmental
Resources Research, October 1975. (33 pp.)
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IT.

General Information

1. Location of Community

City Name

State or Province

Country

2. Planning Group or Agency

Demographic - The model requires some basic population data for the

purposes of capacity planning.

Two inputs are required. If local

or site data is not available please use a national estimate and
also indicate whether it is national or local source.

Answer either A or B.

A. 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
going to serve.

Actual population

(1) Between 500 and 2,500 people

(2) 2,500 - 15,000

(3) 15,000 - 50,000

(4) 50,000 - 100,000

(5) Source

2. Annual population growth rate
following:

(1) Less than 1%

(2) 1% -
(3) 1.5%
(4) 2.0%
- (5) 2.5%
(6) 3.0%

(7) 3.5%

1.

5%

2.0%

2.5%

3.0%

3.5%

4.0%

or estimate the following:

or estimate in the
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(8) Greater than 4%

(9) Source

B. Population estimate at last census

Date of Census Source of Census

Annual Growth rate at time of last census or present annual
growth rate

Socio-Technological Data - The purpose of this section is to gather

enough information about the community so that it can be classified
into one of the four levels of development. The approach has been
to request information that is genera-ly available and can be
obtained on a local level. Please include any other information
you feel is relevant.

CHECK THE MOST APPROPRIATE CATEGORY FOR THE FOLLOWING QUESTIONS

1. Average level of education obtained by inhibitants living in
the community.

High Technical
Level None Primary School Institute College
(D 95% 47 1% 0% 0%
(2) 70% 19% 7% 3% 17
(3 55% 22% 14% 6% 3%
) 9% 34% 42 8% 7%
(5) Other

2. Average distribution of labor force in the community.

Level Unskilled Semi-Skilled Professional
(1) 97% 27 17
(2) 807 167 47
(3) 617% 27% 12%
4) 457 30% 257%

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

amount unit
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If available, also check the approximate U.S. dollars equivalency
of this amount shown in the following.

(1) Less than $100

(2) $100 - $500

(3) $500 - $1,000

(4) $1,000 - $3,000

(5) Greater than $3,000

4. Among the highly skilled and technical workers (for example,

engineer, chemist, etc.) what percentage of these is non-
local or non-native people?

(1) Less than 10%

(2) 10% - 25%

(3) 25% - 50%

(4) 50% - 75%

100%

(5) 75%
5. Are there any primary and secondary schools operated by volun-
tary or missionary organizations rather than the government

itself?

(1) Yes (2) No

6. What is the highest grade offered by local schools on a regu-
lar basis? (Circle one)

1 2 3 4 5 6 7. 8 9 10 11 12 12+

7. 1f the number selected in #6 above is less than 12, how far
away is the nearest high school offering the 12th grade?

(1) Less than 10 miles (or less than 16 kilometers)

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

(3) 30 - 50 miles (or 48 - 80 kilometers)

{(4) Greater than 50 miles. (Greater than 80 kilometers.)

(5) Other (specify)
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11.

12.

13.

14.

15,

16.

17.
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Are there any technical or vocational schools in the community?
(1) Yes (2) No

Has the community achieved compulsory primary education of at

least six years?

(1) Yes (2) No

Are there any formal in-service training programs by either
the government or local industry for their employees?

(1) Yes ____(2) No

Is there a college or university in the local community?
(1) Yes (2) No

Does the university have a chemistry department or laboratory?
(1) Yes (2) No

How do you rate the ability of the community to finance a
water and sewage treatment project?

(1) Unable to repay; the project is a gift because the
beneficiaries are poor.

(2) Limited ability to repay; however, the benefits exceed
the costs.

(3) Repayment prospects are good; the beneficiaries have
relatively high incomes.

Is unemployment widespread?

(1) Yes (2) No
Are advisory services widely available to farmers for community
development or for other programs designed to upgrade the
skills and enlist the participation of the inhibitants?

(1) Yes (2) No
Do most college or university students of the community receive
their education in neighboring communities, neighboring coun-
tries, or other foreign countries?

(1) Yes (2) No

The level of technology available can generally be classified
as

(1) Hand tools only
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__ (2) Mechanical tools (i.e., gasoline powered equipment)
(3) Chemical products (fertilizers, chlorine)
(4) Electronic technology
18. Does the government dominate the labor market?
(1) Yes (2) No
19. Are public employment services readily available?
(1) Yes (2) No

Indigenous Resources Data.

Questions 20-23 relate to the availability of materials and equip-

ment. Check those items that are not generally available in the

community.

20. Operation equipment. Which of the following are not generally
available in the local community?

(1) Water meters

(2) Soldering equipment

(3) Acetylene torches

(4) Recording devices, such as thermostats
(5) Laboratory equipment such as test tubes

(6) Portable power plants such as gasoline powered electric
generators

(7) Motors such as 1-3 horsepower electric motors

(8) Water pumps

21, Process materials. Which of the following are mot generally
available in the local community?

(1) Pipe (clay, steel, cement, plastic, copper, etc.)

(2) Pipe fittings

(3) Paint

(4) Valves

(5) Tanks
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(6) Vacuum gauges
~ (7) Heat exchangers

22. Operation and Maintenance supplies: Which cf the following
are not generally available in the local community?

(1) Silica sand
(2) Graded gravel
(3) Clean water
(4) Gasoline

23. Chemical supplies: Which of the following are not generally
available in the local community?

(1) A15(SO4)3 (aluminum sulfate)
(2) FeCly (ferric chloride)
(3) Activated charcoal
(4) Ca0 (lime)
(5) NaCO3 (Soda ash)
(6) Cl, (Chlorine)
(7) 03 (Ozone)
(8) Laboratory chemicals
24. Major Water Source (check appropriate category)
(1) River or stream
(2) Lake or impoundment
(3) Wells
(4) Sea or brackish water
25. Approximate per capita water demand (daily)

(1) Current demands in (units)

(2) 10 year projection:

26. Is groundwater available?

(1) Yes __(2) No
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Iv.

27.

28.

29.

A.

Are wells already drilled? Current Capacity? mgd
(1) Yes (2) No
Is a central wastewater collection system in existence?
(1) Yes (2) No
Is the following wastewater data available? Please fill in
the percentage of people in the community that are:
(1) Currently connected to the system %
(2) To be connected within 5 years of the start of the
project %
(3) To be connected within 10 years %
Raw Water Quality (drinking water). The purpose of this
section is to provide as input to the model the results
of tests that have been carried out on the input or raw
water. Only starred tests are required for the predictive
model.
(1) *Number of coliform bacteria (MPN/100 ml)
(2) *Turbidity (Jackson turbi-
dity units, JTU)
(3) *Hardness (mg/1)
(4) *Total dissolved solids (mg/1)
(5) *Fe and Mn (mg/1)
(6) BOD (mg/1)
(7) pH (0 - 14)
(8) Dissolved oxygen (mg/1)
(9) Temperature (°c)
(10) Chlorine (mg/1)
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B. Wastewater Quality (prior to treatment).

(1) #Dilution (CFS receiving
water flow/1000
PE)

or #*Dilution (Receiving water
volume /waste vol-
ume)

(2) *BOD (mg/1) (May be
needed to ascer-
tain figure for PE
in dilution ratio.)
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III.3.

PREDICTION METHODOLOGY FOR SUITABLE
WATER AND WASTEWATER PROCESSES:
MANUAL COMPUTATION METHOD

George W. Reid and Richard Discenza

The selection of the most appropriate water and wastewater

treatment method for developing countries by using the predictive

model is not limited to situations where an electronic computer is

available. A manual computation method has also been devised. The

twelve steps to manually determine the most plausible treatment method

are as follows:

1.

[a]
.

Assign weights to the responses to the data sheet questions
necessary for determining the STL level for the community
under consideration. Weighting factors are shown in Table
ITT.1.1.

Total the assigned weights.

Compare the total of assigned weights to the figures given
in Table III.3.1 to determine the socio-technical level of
the community and the per-capita water consumption.
Determine the operation equipment availability.

Determine the process materials availability.

Determine the operation and maintenance supplies availability.
Determine the chemical supplies availability and groundwater

availability.

Norman: The University of Oklahoma Bureau of Water and Environ-
mental Resources Research, October 1975. (23 pp.)
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TABLE III.3.1

SOCIO-TECHNOLOGICAL LEVEL AND
WATER CONSUMPTION

Socio-Technological Range for Total of Averége Consumption
Level (STL) Weighting Factors of Water (Gal/Cap/Day)

I 1 - 23 25

IT 24 - 51 50

I11 51 - 93 75

v 93+ 100

TABLE 111.3.2

POPULATION RANGES AND
SCALE VALUES

Estimated Population Population Scale
500 - 2,499 1
2,500 - 14,999 2
15,000 - 49,999 3
50,000 - 100,000 4
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8. Compare the basic processes and their requirements (Table
III.1.2) against the available physical resource groups
(these are determined by Steps 4-7) and manpower availability
as determined by the size of population served and the STL.

9. Compare the various possible combinations of the treatment
processes found to be feasible (Table III.1.3) to the water
and wastewater quality of the community obtained from the
data sheet.

10. Compute the population scale as given in the data sheet
(II. A or B) according to the guidelines given in Table III.3.2.
11. Determine the total cost of construction and operation over
twenty years for the feasible combinations (determined by
Step 9) using the appropriate scale (from Step 10) and the
appropriate STL level (from Step 3). Also, determine the
manpower required.
12. Select the lowest total cost or the lowest maintenance cost

combination of processes determined by Step 11.

A MANUAL COMPUTATION EXAMPLE

1. Data Form, Part III,

igh F
Questions Numbered 1-19 Weighting Factor

o N O B W N
o
o
.
N
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Data Form, Part III,

Questions Numbered 1-19 Weighting Factor

9 _o0_
10, . . o ¢« ¢ o0 .. 5
11 . .. . ¢ 0 0. 0
12 . . v o e e e e e e 0
14 . . . .« . 0 . 0
15 0 v v v e e e e e e e e 0
16 . « . .« ¢ 0. 0. 0
17 o ¢ v o 0 e 0. 5
18 . . . « ¢4 v 0 .. 5
19 . . . . . v v e e e e e . . 5

Number thirteen is omitted; it is used for a purpose other than
STL computation.
2. Total the weighting factors from Step 1.
Total = __ 65 .
3. Compare the total of the weighting factors to Table III.3.1.

STL for this community = 3

Estimated consumption = 75 gecd

These figures on consumption are used for the final output, to establish
a figure for the plant capacity at the present population or at pro-
jected population levels.

4. Examine question No. 1II-20 on the data sheet. If three or
fewer of the eight items are checked, then this group of operation
equipment is considered available.

Operation Equipment Available Yes
Not Available
5. Examine question No. III-21 on the data sheet. If three

or fewer of the seven items are checked, then this group of process
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materials are considered available.
Process Materials Available Yes
Not Available
6. Examine question No. III-22 on the data sheet. If two or
fewer of the maintenance items are checked, then this group of operation
and maintenance supplies are considered available.
Operation and Maintenance Available Yes
Supplies )
Not Available
7. Examine question No. III-23 on the data sheet. If three or
fewer of the maintenance items are checked, then this group of operation
and maintenance supplies are considered available.

Chemical Supplies Available

Not Available X

Examine question Nos. III-24 and 26 on the data sheet.
Groundwater Available Yes

Not Available

Summary of Physical Resource Availability:

Physical Resource Availability (Yes or No)
Operation Equipment Yes
Process Materials Yes
Operation and Maintenance
. Yes
Supplies
Chemical Supplies No
Groundwater Yes

8. This step involves a comparison of several factors to deter-
mine if any or all of the basic processes must be eliminated because
the community does not have the resources available. The primary tool
for this comparison is Table TII.1.2. Two general categories of require-

ments are considered, manpower and resources. In the category of
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manpower the following guidelines should be used.

a. In Level I communities basically only unskilled manpower
is available.

b. Level II communities have unskilled, and some skilled labor
available.

c. Level II1 communities with populations under 50,000 have
unskilled and some skilled labor available. 1In Level III
communities with a population of more than 50,000 and in
Level IV communities, all three categories of manpower are
available, unskilled, skilled, and professional.

The data sheet for the hypothetical community of this example shows
that the population to be served is above 50,000. Therefore, none of
the processes are eliminated because of manpower constraints.

For the resources reqﬁired, it is necessary to carefully compare
each of the processes and its requirements against the summary of
resources available listed above. If a process requires a resource
that 1s not locally available then the process should be eliminated
from the number of feasible processes. (In this example processes
requiring chemical supplies are eliminated.)

List the feasible processes:

Water Wastewater
_PWl PS1
_PW2 PS2
_PW3 ' PS5

PS6

PS8

PS9

PS10

I
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9. At this point the process combinations obtained from Table
II1.1.3 can only be made up of the above basic processes, and they are
examined to see if they can be used to process the water, given that
the water or wastewater quality is as specified on Part IV of the model
data sheet.

In short, the feasible processes are compared to Table III.l.3.
The combinations selected as feasible are those that are capable of
treating the raw water concentration as specified on the data sheet
and within the constraints given in Table III.1l.3 and contain only
those feasible basic processes as listed in Step 8 above.

List the feasible combinations:

Water 1. Wl

PW1l (not feasible because raw water quality
too low)

2. W3 = PW3

3. W4 = PW2 + PW3

Wastewater 1. S1 = PS1 + PS5 h

(not feasible

2. S3 = PS2 because dilu-

3. S4 = PS1 + PS5 + PS6 tion factor

too small)

4, 85 = PS1 + PS9 /

5. S9 = PS1 + PS5 + PS10

6. S9 = PS2 + PSl10

7. SS9 = PS1 + PS5 + PS6 + PS10

8. S9 = PS1 + PS9 + PS10
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10. The population factor for the community under study is
determined by taking the population given in Part 11 of the data
sheet and comparing it to the estimated population groups in Table
I1I.3.2.

Actual population = 60181

Population scale factor = 4

11. At this point the cost and manpower determinations for the
feasible combinations can be made. The objective of this step is to
determine the manpower requirements, construction, and operation and
maintenance costs for a twenty-year period for all of the feasible
combinations that have been selected. To determine these costs, costs
associafed with each of the basic processes are calculated and then
combined together to arrive at the estimated costs of the feasible
combinations of processes. The source data for the various treat-
ment costs is contained in Tables III.1.5-24 which are in the appendix

for Chapter III. There is one table for each of the processes in Step

above. From previous steps the following information is available:
population scale = 4; STL = 3; estimated consumption = 75 gal/cap/day;
and actual population = 60181. See Tables III1.3.3 and 4 for the re-
sults of the calculations.

12. The final step in the process selection method involves
the selection of the lowest total cost of the lowest maintenance cost
combination from those listed in Table III.3.4.

In this example the lowest total cost water treatment combination
is W3 which includes the process PW3 (slow sand filter). The lowest

total cost wastewater treatment combination is the $9 which includes

PS2 (primary--stabilization ponds) and PS10 (disinfection). 1In this
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example the lowest total cost combination also happens to be the lowest

maintenance cost combination. This may not always be the case, however.
The computerized version has an additional feature that the manual

method does not have. That is, the steps one through twelve are simu-

lated at five year intervals for a period of twenty years. Inherent

in these simulations are population increases and thus-also a modest

growth in the technological level of the community.
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CHAPTER IV

Methodology for Prediction
of Water and Wastewater
Volumes and Treatment Costs

To obtain LDC cost or volume figures for selected water and waste-
water treatment processes, three methods may be used. In order of
increasing accuracy, they are the following: an empirical analysis of
U.S. data, regional or national multiple regression data, and in-country
or local data. In this chapter a cost-demand model is presented in
which modelling techniques have been used to develop equations for
Africa, Asia, and Latin America to predict water demand quantities and
wastewater amounts, as well as construction and operation and mainte-
nance costs for slow sand filters, rapid sand filters, stabilization
lagoons, aerated lagoons, activated sludge systems, and trickling
filters. The basic technique used in this study was step-wise multiple
regression using available cost data from Africa, Asia, and Latin
America gathered through the use of questionnaires and a review of the

literature.
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The material contained in this chapter is a shortened and revised
version of the original publication. Numerous tables have been included
which present the results for mean water demand, waste disposal, and
costs of Qater and wastewater treatment systems for selected socio-
economic and technological conditions of LDC's. Two sample problems

illustrate the use of this predictive mathematical model.



Iv.

A MATHEMATICAL MODEL FOR PREDICTING WATER DEMAND,
WASTEWATER DISPOSAL AND COST OF WATER AND
WASTEWATER TREATMENT SYSTEMS IN

DEVELOPING COUNTRIES

Michael I. Muiga and George W. Reid

This study uses mathematical modelling techniques to develop
predictive equations, utilizing socio-economic, environmental, and
technological indicators. Predictive equations are developed for
three regions (Africa, Asia and Latin America) for water demand,
waste water amounts, as well as construction and operation and mainte-
nance costs for slow sand filters, rapid sand filters, stabilization
lagoons, aerated lagoons, activated sludge systems, and trickling
filters.

Data analysis indicated that water demand is a function of
population, income, and a technological indicator (percentage of
households connected to water supply), while waste water disposal
was found to be a function of water demand and two technological
indicators (percentage of homes connected to public sewerage systems
and percentage of household systems). The predictive equations for
water treatment costs were found to be a function of a technological
indicator (percentage cost of imported water supply materials),
population, and the design capacity. The variables which gave the

best correlation for waste water treatment costs were population,

Norman: The University of Oklahoma Bureau of Water and Environ-
mental Resources Research, January 1976, (147 pp.)
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design capacity, and the percentage of imported wastewater disposal

materials.

INTRODUCTION

General. It is highly desirable that proper water supplies and
sewage disposal should be of the highest priority in order to obtain
the maximuﬁ environmental, economic, and social improvement for the
people in developing countries. An improvement in the public health
and thus in the general well-being and increased productivity of the
people is probably the most significant effect of improved water
supplies and sewage disposal.

To prove statistically the beneficial effect of proper water
supplies and sewage disposal on the health and social conditions of
the people of developing countries would require medical examinations
and laboratory tests for a particular community for many years.
Fortunately, with the World Health Organization such a case history
has been documented and is included below.

A simple water supply system was installed in the Zaina
area in the Central Province of Kenya, with the help of UNICEF and
WHO, in 1961. This system is fed by gravity from a high level
surface source of good physical quality and provides chlorinated
piped water to 588 farms and four villages which had a total
population of 3850 in 1961. By 1965, the system had been extended
to supply water to 5800 persons. Prior to 1961, the source of
water for domestic use and the considerable farm animal population
was the Zaina River which flows in a gorge about 100 metres
below the inhabited areas. Carrying water up the steep incline
consumed a major portion of the time of the women.

When the new system was installed in 1961, a complete survey
of the health and social aspects of the area was made under the
supervision of the Provincial Medical Officer. The survey col-
lected detailed information on the incidence of illnesses and
infections, housing conditions and general living standards.
A similar study was made of a control area located eight kilometers
from Zaina and comparable to it in practically all characteristics
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except that it lacked an adequate community water supply. In
1965, after four years of operation of the Zaina water system, a
resurvey was made of both areas.

It was found that the Zaina community was in better health
than four years earlier in terms of both total number of illnesses
and duration of each illness. Using the same basis of comparison,
the people of the control area were found to be in poorer health.
A dramatic difference was found in the stool examination of
children for ascariasis, the most common helminth infection in the
area. The 1965 survey showed a decline of the disease in Zaina
and an increase in the control area giving the latter a prevalence
of six times that found in Zaina. The studies also showed that
Zaina had made a greater economic advance than the control area.
The easy availability of piped water and the release of women's
energies for better housekeeping, care of children and vegetable
gardening, has been the principal factor in the improvement of
both health and well-being in Zaina. (48)

Since the socio—-economic, labor, cultural, and resource conditions
in developing countries are different from those in highly industrialized
countries, it was felt, from the experience available, that the criteria
used in developed countries for design of water supply would not
be of use in developing countries. (See Table VIII.1l.9 for an
example of the drastic difference which can be observed when waste-
water treatment costs in a developing country are compared to those
in a highly industrialized country.) Therefore, this study was
aimed at developing methods to estimate demand and costs for construc-
tion and maintenance of water and wastewater system in developing
countries. However, very little information was available on these
factors of demand and cost in developing countries.

Problem. Conditions characteristic of many developing countries
include:

1. 1limited financial resources (particularly foreign currency);

2. limited manufacturing capacity;

3. limited skilled labor but ample unskilled labor;
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4. scarce engineering personnel for construction and maintenance
of water and wastewater systems.

In addition, most of the mathematical models which have been developed
do not account for future technological and cultural changes as well
as other factors, and they may not produce optimum cost alternatives
for the following reasons.
1. Relative prices of inputs may have changed requiring a
different mix of inputs in order to produce a particular

level of clean effluent at least cost.’

2. Technological breakthroughs that can substantially reduce
cost may have been introduced.

3. Existing plants are likely to be an inefficient combination
of technologies resulting from a series of additions.

4. Existing plants are not likely to be cost minimizers when
they are not operated for profit.

5. Construction and operation costs change with time as a
result of change in human values and environmental factors,
both physical and economical.

Very few models were found which considered the influence of environ-
mental parameters to total costs. An intensive search of the litera-
ture failed to find a single citation which considered all the signi-
ficant factors and variables needed to develop a mathematical model(s)
for predicting water supply and waste water disposal amounts and
costs in developing countries.

Objective. The purpose of this study was:

1. to provide to administrators, engineers, and public officials
who are in developing countries, concerned with particular
future water and wastewater systems the- ability to assess
the general level of water supply and wastewater disposal
amounts and costs prior to a detailed engineering determina-
tion;

2. to provide financial guidance in making preliminary decisions

concerning future water and wastewater systems in developing
countries; ‘

3. to assist in establishing cost, process and resources inter-
relationships.
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Four sub-models were developed as follows:

1. Water Demand Model for Developing Countries;

2. Wastewater Disposal Amounts Model for Developing Countries;

3. Cost of Water Treatment in Developing Countries;

4. Cost of Wastewater Treatment in Developing Countries.
Eventually these will be grouped together as shown in Figure IV.1.

The basic technique used in this study was stepwise multiple
regression. Use was made of available cost data from Africa, Asia,
and Latin America on slow sand filters, rapid sand filters, stabiliza-
tion ponds, aerated lagoons, activated sludge systems, and trickling
filters.

The equations for estimating water demand, wastewater discharge,

and water and wastewater costs by processes, are in the following

form:
Y = By + BjX; + BoXp + BgX3 . . . +BX, fori=1,2,3.. .22
where Y = dependent variable to be estimated, e.g., water demand;
Xi = independent variables used in making estimates (Figure IV.
Bi = regression coefficients.

Need for the Study and Justification. The United Nations has

estimated that the developing countries have an annual population
increase of more than two percent. This increase in population will
involve a rising demand for water, not only for domestic and industrial
use but also for agricultural use to grow more food. Consequent to

the inevitable rise in water demand will come greater amounts of
wastewater to be disposed of in a manner which will not present a
health hazard. If waste water is not treated before discharge

into water bodies or if water supplies are not treated before use,

1
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the public health in developing countries may deteriorate. Furthermore,
the cost of treating water associated with domestic use is likely

to go higher. There is, therefore, a definite need for development

of a technique that can be used for estimating water demand, per capita
wastewater disposal amounts, and the costs of treating water and

wastewater in developing countries.

LITERATURE REVIEW

Water Demand Models. A number of studies have been directed

toward describing the demand for water. These involved the manipula-
tion of water use information and related economic data to provide
some projection of future demand.

Reid (30) has used economic, population, and life style sub-

models in the form of the following predictive equation:

WD, = (Pop,) ey Ineg) " f Fory)” (4-1)
t Py uu[ppts [IncS [PopS
where: WDt = water demand at time t,

uu = unit use,

Popt = population at time t,

pptt = Precipitation at time t,
Inct = income at time t.

In another study, Wolman (44) describes methods for making
estimates of water demand for the United States as an economic model
rather than as a set of formal projections. He does this because
several important factors are necessarily excluded either because

the basic data are still lacking or because some inter-relationships

are not well enough understood to be handled with any confidence.
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In 1975, Reid and Muiga (32) presented an approach to develop
an aggregate mathematical model for water demands in developing
countries using socio-economic growth patterns. The authors used
socio-economic inputs to identify four socio-technological ‘levels.
Levels representative of socio-economlc development are in turn used
to identify municipal, agricultural and industrial water requirements.
The most advanced statistical methods used have been correlation
analysis and the development of estimating equations from the regression
line. For example, Sasaki and Sasaki (33) developed a model for Tokyo,
Japan, using this method. They used four factors to give the following
_predictive equation:
I =0.5674 X7 + 0.1606 X, + 0.1149 X3 + 0.1571 Xy (4-2)
where: 1 = water demand in gallons per capita per day,
Xy = population,
X, = personal income,
X3 = industrial production,

X, = sales of goods.

Further, they expressed maximum consumption of water per day in Tokyo
as the linear function below.

Y = 361.521 + 32.057 I : (4-3)
where: Y = maximum water consumption per day for Tokyo.
The formula coefficient correlation shows a value of 0.986 and the
standard deviation a value of 0.012. This method expresses statis-
tically better results than if each factor were used separately. Sasaki
and Sasaki concluded that water consumption per capita appears to show

a larger value in large cities.
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An interesting and detailed field examination of domestic water
use in East Africa (Kenya, Tanzania and Uganda) was carried out by
White, Bradley, and White (43). Although no predictive equations
were given, the study attempted to relate per capita use to income,
educational level, family size, source of available water, cost,
culture and natural environment. Daily per capita use was found to
range from a minimum of 1.4 litres in a farming household to a maxi-
mum of 660 litres in an upper income suburb of Moshi, Tanzania. The
mean per capita use for piped supplies showed a low of 30 litres per
capita daily and a high of 254 litres, while for unpiped supplies the
mean per capita use showed a high of 21 litres and a low of 4 litres.
In general, this study found that per capita use, where water is not
piped into the household, is in large measure a function of the
income level, the urban versus the rural situation, and the number
of children within the household. Where water is piped into the
household a major consumption in water occurs; the amount above that
minimum is a function in considerable measure of cost, income level,
family size and education. Finally, the study found that even where
domestic water demand in the urban areas is relatively price inelastic,
price is of measurable significance.

The influence of the type of housing on water demand in developing
countries can be found in the Accra-Tema Study (36). The average
daily domestic supply to Accra increased by about 11 percent from
1961 to 1963. In this period the population increase was about 9
percent whereas the increase in per capita use of water was about
2.5 percent. In Tema during the same period the average daily

domestic supply increased by about 122 percent. The population
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increased by about 35 percent, whereas the increase in per capita
consumption was about 60 percent. This difference between the two
cities was due mainly to the construction in Tema of high and medium
grade housing with modern sanitary facilities. In Tema almost all
the houses were connected to the distribution system and had an
average daily domestic per capita consumptio? of 150 litres in 1963.
In Accra half of the population lived in substandard housing and was
served by street standpipes and the daily per capita consumption was
only 48 litres.

In 1969, Lee (23) selected thirteen sites in Calcutta and New
Delhi in an attempt to measure and define the relationship between
economic development and the provision or need for public Qater supply
systems through the examination of domestic water consumption. He
concluded without giving any predictive equations, that the demand
for domestic water supply is a function of accessibility to water,

. housing conditions, levels of income and water using habits.

Hanke (13) poianted out that although there is little empirical
evidence concerning the nature of price elasticity for water, he
had observed that there was a thirty-six percent decline in domestic
use of water in Boulder, Colorado, after meter installation. He
pointed out that within a metered system relatively small price
changes may not lead to substantial changes in water demand. Howe
and Linaweaver (17), while studying residential water demands using
logarithmic demand models, incorporated several independent variables
for both average domestic demand and sprinkling demand in the United
States, suggesting that sprinkling demand might be relatively elastic

and that domestic demand might be relatively inelastic. Price
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elasticity of demand is defined as the relative change in quantity
demanded as response to a relative change in price if one assumes
that the quantity demanded q is a function of price p. Price elasti-

city of demand is theoretically given by Howe and Linaweaver as

follows:

g - 9g9.p _ d(log q)

d dp.q d(log p) (4-4)
where: E. = demand function.

d

Equation (4-4) can be described by the regression line:

Log E, = a+ b log p (4-5)

d
where: b = elasticity coefficient.

Fourt (13) performed multiple linear regressions to find relation-
ships between water usage and price, number of days in summer, rainfall,
average number of persons per meter and the total population served.

In another study, Wong (47) worked with a set of twenty variables
which he reduced to seven principal components. The most significant
of these factors were community size, per capita demand, price, standard
of living and industrial depletion.

In 1937, Capen (4 ) developed the following equation for a well-

metered water demand:

G = 54p0-125 (4-6)

where: G gallons per capita per day,

P

population in thousands.
Although Capen's equation (4~6) 1s a good representation of the data
from the fifty-two cities he surveyed, to suggest that population is

the only variable relevant to domestic water demand is invalid.
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In 1969, Meyer and Mangan (27) developed a model which is known
as MAIN I for calculating water requirements by correlation with
economic, social and climatic variables. Forecasts were completed
for 141 Standard Metropolitan Statistical Areas (SMSA) and the final

equation is given as follows:

Eoo, = (oo, x 1.19 x 1758 7 Y60i + W, )« Poo. (4-7)
Y601
where: E = total water use
W = per capita use
Y = per capita income
P = estimated population
i = SMSA nuﬁber
60, 75 = 1960, 1975.

Wastewater Models. The general relationship between per capita

wastewater disposal and socio—-economic indicators has not been devel-
oped either in developing countries or in developed countries. One
study in India (25) recommended thirty gallons per capita per day for
designing wastewater treatment plants. However, this may not be
valid for high income communities in India or in other developing
countries. In additiom, as the life style and economic conditions of
developing countries change, water demand will likely change as well
as the amount of wastewater to be disposed of daily. 1In the United
States and other industrial nations, it has been simply a matter

of taking a percentage of per capita water demand for the purposes of

wastewater systems designing.
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Water Treatment Cost Models. A water treatment plant, like

many capital facilities, is usually constructed with a capacity that
will satisfy the requirements over many years to come, instead of
just immediate requirements. One main reason for this lies in
economies of scale, available only with a large plant, and which can
be achieved in terms of investment or operating cost. To reflect
possible scale effects, the investment cost of an industrial
facility is often represented by a power function of capacity, of

the following form, first proposed by Chenery (5 ):
B

C = oK (4-8)
where: C = investment cost in thousand dollars
K = design capacity in MGD

a and B coefficients.

In equation (4-8) if we let K equal 1 MGD, C equals a. That means

parameter o is equal to the investment cost of a plant with a capacity

of 1 MGD. On the other hand, B determines the manner in which invest-

ment cost changes with capacity. Since B is a constant exponent

of K, the investment cost increases with capacity at an increasing

or decreasing rate depending on whether B is bigger or smaller than 1.
Koenig (21) reported the collection of data on some thirty

surface~water treatment plants in unspecified locations. Using data

on twenty-one of these plants he obtained the following investment

cost function based on the 1964 price level:

C = 307Qs°-68 (4-9)

where: C investment cost in thousand dollars,

Q

o design capacity in MGD.

Ackerman (1) reported an investment cost function for surface-

water treatment plants, using data on forty-two plants reported on
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by Keonig in 1968. Using the 1964 price level and the Handy-Whitman
Utilities Index for adjusting location differences, he reported the

following function:

C = 267r0Q30-65 (4-10)

In the same study, Ackermann produced an investment cost function

for groundwater treatment plants based on data.related to fifty—-eight
Illinois plants. He adjusted the original data to 1964 price levels
and included the indirect costs of engineering, legal, administrative,
and other overhead items including interest during construction, and

obtained the following function:

C = 1150 063 . (4-11)

In 1961 comprehensive per capita construction cost data were
compiled (33) for six nations (Brazil, Ceylon, Costa Rica, India,
Jamaica, and Nigeria), representing all three major geographical regions
where developing countriés are located. A summary of these construc-
tion costs are presented in Table IV.1l.

Black and Veatch (2 ) undertook a study to develop a manual
to estimate the cost of conventional water supplies in the United
States. The costs were developed as a function of design flow only.
The costs included all structures, basin, filters, wastewater facili-
ties, plant equipment, tanks, piping, fencing, and other materials
necessary for a complete treatment plant. Table IV.2 gives some
results of these findings.

Wastewater Treatment Cost Models. A number of studies (3, 7, 24,

34, 35) have been directed toward describing the cost of municipal

waste treatment. The cost is usually expressed as a function of



TABLE 1IV.1

PER CAPITA CONSTRUCTION COST OF WATER TREATMENT
IN DEVELOPING COUNTRIES

Per Capita Construction Cost
in United States Dollars

Country
Reported Adopted

Ghana 12.74 13
Africa

Nigeria 8.65 10

Ceylon 42.00 42
Asia

India 9.05 12

Brazil 16.40 25
Latin Costa Rica 23.60 30
America

Jamaica 30 - 50 40

SOURCE: J. M. Henderson, Report on Global Urban

Water Supply Program Costs in Developing Nations 1961-

1975 (Washington, D.C.:

tration,

1961.)

International Cooperation Adminis-

111
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TABLE 1IV.2

COST OF WATER SUPPLIES
IN THE UNITED STATES

Construction Cost (U.s.$) Operation and
Design Capa- . Maintenance
city in MGD Well Treatment Plants Intake & Pumping ($/1,000 gallors)
Supplies and Storage Stations
0.1 20,000 60,000 40,000 0.120
0.2 21,000 90,000 40,000 0.102
0.5 26,000 140,000 40,000 0.078
1.0 34,000 220,000 40,000 0.062
2.0 50,000 380,000 55,000 0.048
5.0 125,000 700,000 130,000 0.034
19.0 250,000 1,150,000 240,000 0.028
20.0 500,000 2,000,000 465,000 0.024
30.0 750,000 2,700,000 630,000 0.024
40.0 1,000,000 3,400,000 800,000 0.022
50.0 1,250,000 4,000,000 980,000 0.021
60.0 1,500,000 4,600,000 1,150,000 0.020
70.0 1,750,000 5,100,000 1,300,000 0.019
80.0 2,000,000 5,600,000 1,480,000 0.018
90.0 2,250,000 6,100,000 1,660,000 0.017
100.0 - 2,500,000 6,550,000 1,820,000 0.017

SOURCE: Black and Veatch, Consulting Engineering Firm, Kansas City, Missouri,
Manual for Calculation of Conventional Water Treatment Costs, Office of Saline
Water Research and Development Report 917 (U.S. Department of Interior, March 1972).
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the design flow through the plant or the design population, and the
expected level of waste removal efficiency.

Velz (42) made a study of the costs of waste water treatment
plants. He obtained his data from the literature and from question-
naires. To estimate the total cost of a plant, Velz assumed that the
bid price on the construction cost was about eighty to eighty-five
percent of the total cost, excluding the costs of land, engineering,
and legal fees.

Wollman (46) used a multiple regression model to estimate the
operation and maintenance costs of a waste water plant. The model
was as follows:

Y = by + b1X; + byXy + b3Xj (4-12)

where: Y = the annual operation and maintenance cost per
daily population equivalent (P.E.)

Xy = treatment level in percent of BOD removal
Xo = percent of total waste that is industrial
X3 = population served by the sewage system

bg,by1,bo,b3 = regression coefficients.

Park (28) approached the problem of estimating the construction
cost of a plant by considering both the hydraulic and biological
loadings of the plant. He assumed that the primary treatment plant
costs can be represented by the capacity of the plant in terms of
its hydraulic loading, since the hydraulic loading is an important
parameter for a primary treatment plant design. However, the secondary
treatment plant costs can best be represented by the capacity of the
plant in terms of its organic loading. The author assumed 0.2 1b
of 5 day BOD per person per day and 100 gallons per capita per day of

waste flow.
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Thoman and Jenkins (37) recognized regional differences in
construction costs. To take into account these differences, the
authors partitioned the U.S. into twenty regions on a county line
basis. Each of the regions corresponded to one of the twenty cities
used in obtaining the Engineering News Record-Cost Index (ENR-CI).

They referred the costs to the year 1913 as the base year. Three
models were developed for estimating the construction costs of

primary treatment plants, secondary treatment plants, and stabilization
ponds. The main variable in the models was the design population. The

authors developed the following model:

Y = ax’ (4-13)
where: Y = cost of a plant per MGD of flow
X = gize of the plant in terms of MGD of flow
a, b = constants.

In 1970 Shah and Reid made a study (34) to develop models for
estimating the construction costs of waste treatment plants. Four
variables were studied to predict the costs of a plant. They were
the following:

1. population equivalent (PE);

2. flow in million gallons per day;

3. BOD of the influent, mg/l; and

4. efficiency of BOD removal.

The cost was evaluated in terms of
1. 1957-59 dollars per design PE; and
2. 1957-59 dollars per MGD of design flow.

Five types of waste treatment plants were modeled:



1. primary treatment plants;
2. waste stabilization ponds;
3. standard rate trickling filters;
4., high rate trickling filters; and

5. activated sludge plants.
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To adjust the cost data of treatment plants obtained from various parts

of the country to a common base, the WPC-STP (Water Pollution Control-

Standard Treatment Process) Index was used because it is based on

information peculiar to wastewater treatment plant construction.
The general form of the model which was tested was:
Y = By + lel + B2X2 + B3X34 + ByX, + e

where: Y = construction cost of a plant in 1957-59
dollars per design MGD or per design PE

X1 = design PE

X5 = design flow in MGD

X3 = design BOD influent in mg/l
Xy = BOD removal efficiency.

By,By,Bo,B3,By = coefficients of regression

e = residual.

(4-14)

It was felt that in some situations, the linear model might not be

able to represent the cost of a waste treatment plant.

Therefore,

along with the linear form, the following non-linear forms of the

model were tested as follows:

4
Y=B_ + 3 B,X.
=1 T1
4
InY =B + I B, 1ln X,
o 1

(4-15)

(4-16)
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1 4
Y = BO +E Bi 1n Xi (4-17)
i=1
1 4
==B 4+ ¢ B, X (4-18)
y o} i=1 i"i

The variables, X3 and X, the influent BOD and the BOD removal
efficiency, were found to be '"not significant" statistically, in
the estimation of the construction costs of the waste treatment
plants studied.
The following models were developed.
1. Primary treatment plants:
In Y" = 12.42 + 0.3852 X, (4-19)

where: Y" = construction cost per design MGD, in 1957-59 dollars.

2. Waste stabilization ponds:

I;l§ﬁ = 0.1291 - 0.0044 1n X; + 0.0073 1n X, (4-20)
3. = 0.0511 + 0.0001 X, - 0.0640 X, (4=21)
where: Y' = construction cost per design PE in 1957-1959 dollars.

3. Standard rate trickling filter:

InY™ = 7.90 + 0.4007 In X; - 0.9568 1n X,. (4-22)

4., High rate trickling filter:

In Y" = 9.39 + 0.3357 In X; - 0.6443 1n X, (4-23)

In Y' = 9.39 -~ 0.6443 In X; + 0.3557 1n X,.  (4-24)
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5. Activated sludge treatment plants:

1n Y"

8.53 + 0.4610 1n X; - 0.7375 1n X, (4-25)

In Y' 8.53 - 0.5389 1n X; + 0.2634 1n X,. (4-26)

Studies have been made by Butts and Evans on municipal sewage
treatment construction costs for 291 projects built in Illinois
between 1957 and 1968 (3 ). Least squares regression analysis was
used to relate design population equivalent to construction costs.
Also regression equations for estimating plant operating costs,

lagoon land costs, and other land costs were developed in the general

geometric form:

¢ = kp" (4-27)

[

where: C either construction, operating or land costs

K = regression constant

P = sewage treatment capacity or average annual load treated
n = slope of the least squares regression line.

A new equation was also developed to account for future expansion

of the plant. It took the following form:

c = ke"s™ (4-28)
where: C = cost of new addition to old
K = a regression constant
P = capacity of new addition
S = capacity of existing plant

n, m = slope constants.
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DEVELOPMENT OF THE MATHEMATICAL MODEL

The major aim of this study was to develop prediction equations
to estimate water demand, per capita waste water disposal amounts,
and cost of water and wastewater treatment in developing countries.

The development of a multiple correlation from the analysis of a series
of regression equations is discussed in this chapter. The objective

of the multiple correlation is to provide a function that can be used
to estimate dependent variables that can yield more accurate results
than using the sample mean.

Sample data were analyzed both to determine an arithmetic mean
value for the dependent variable and to determine to what degree this
value varies from the mean by calculating the standard deviation.

The independent variables were individually analyzed by calculating
linear correlation coefficients to determine which variables correlated
best. The result of these analyses determined the order in which

they were added to the regression equation. Regression equations

were then developed starting with a linear equation which utilized

only the most significant independent variable; then additional
independent variables were added to this equation until all the
variables had been utilized. The resultant regression equations

were analyzed after each addition, to determine how much more accurate
the added new variables made them. Variables not significantly improving
the correlation were deleted. Finally, the F-test (defined by

equation 3-15) of the significance was made to determine whether

the degree of improvement in the accuracy of estimated values could

reasonably be arrived at by chance or was statistically significant.
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Correlation Coefficients. A good indication of the linear

relationship between independent variables, and the linear relationship
between individual independent variables and the dependent variable,
is the value of the linear correlation coefficient (r) between the
pair of variables.
The correlation coefficient between two random variables, x

and y, with a joint distribution is defined as:

r = I (xy - 5) . (4-29)
[fx - 02 1y - N ?
where: r = linear correlation coefficient of y vs. x
y = independent or dependent variable
x = independent or dependent variable
; = arithmetic mean y value
X = arithmetic mean x value
xy = product of x and y
;§.= arithmetic mean value of xy.

The range of values of the correlation coefficients is from
~1 to +1. A‘non—zero simple correlation coefficient implies that
there is a linear relationship between the observed values of the
two variables A correlation coefficient of zero can exist between
variables that are independent of one another or between variables
that are dependent of one another in a non~linear way.

Correlation coefficients were used as one of the screening
mechanisms to select those variables which appeared to explain the
magnitudes of the dependent variables of water demand, wastewater

disposal, cost of water treatment and cost of wastewater treatment.
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Correlation coefficients were also used to determine which
independent variables had a high association between their respective
values; this would mean that the use of either variable in the
regression equation would yield a similar regression equation in
terms of parameters. On the other hand, correlation coefficients
at each stage provide some knowledge in determining which Qariables
may only appear to explain the changes in dependent variables,
because of a high correlation with a variable that actually explains
the relationship but which appears not to be an important factor
in influencing dependent variables.

Dealing with more than two variables at a time allows the
partial correlation coefficients to be used tb measure the linearity
between observation of two variables with all other coefficients
held constant. A partial correlation coefficient is useful because
it removes the influence of the other variables, where two variables
may appear to be correlated because of a common relationship with
another variable and not a relationship between each other.

The partial correlation coefficient of x; and x, with x3 held

constant is defined as follows:

_ rl,2 -r

Te,n3° Ta,2)3 " [

1,3 2,3
2

. (4-30)
(I-ry 47) (-1, 4 )]

1
3

Multiple Regression. The problem of best-fitting a hyperplane

to a set. of joint observations on a dependent variable which is a
linear function of several independent variables can be accomplished

by the least squares principle. For any linear model, least squares
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minimizes the residual sum of squares and provides an unbiased,
linear estimate with minimum variance of the parameters.

The use of matrices is convenient since the computations
increase tremendously as the number of variables and observations
increase. The use of a digital computer is essential if investiga-
tion of many possible predictive equations is desirable.

The k equations can be set out in matrix form where Y is a k
by 1 vector of observations of a dependent variable, X is a k by
(i + 1) matrix of independent variables which explains the dependent
variable's value, B is an (i + 1) by 1 vector of unknown parameters
to be estimated and E is a k by 1 vector of residuals. The intercept
term, Bp, dictates that each of the elements of the first column
of the matrix X (X0, X209- - . Xkg) be equal to one. Matrices
representing a sample of k sets of observations on y and (i values

of x) are:

N 4 4
(v1) (X071 X11 - « « Xip bg ) ey )
y2 Xg2 X12 + -+ - Xip b, ey
Y3 . . . b2 es3
Y = X = B = E =
. Xok X1k Xik
Tk ok Fie Tt T Fik ) [ Pi) k)
Matrix formulation of the observation is:
Y =BX + E (4-31)

The residuals are described by the following matrix equation,

E=1Y - XB: (4-32)
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X 7’ 4 N
ep | v ) x11 X2y - - - x1) (b
.ez Y2 b2
e X X e v e Xo b+
L k ) L yk’ k lk 2k ik ) L 1 )

The sum of squared residuals, can be written as:

k

= 4 2
¢ = iil ei2 = I(y; - by X35 = by Xpi = +.--. - BX ;)

¢=7vy'y - 2b'x"y + b"x"xb. (4-33)
Differentiating ¢ with respect to each component of B and setting

the resulting equations equal to zero provides a set of normal

equations:
s67 " 2(-Zx1iyi + b1ZX1i2 + bol X34 Xpf * -

+ ka X14 in) =0

6b2 = 2(-% X2iyi + b1T Xpix14it b22 X2i2 + .

+ kaXZiin) =0

5oy S 2(- Ixpiyi + biExpyx14 * bol xpi xpi t+ .
2y =

The set of normal equations fs written in matrix form as:

8¢ = -2X'Y + 2 X'Xb-= O (4-34)
Sb.
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which is equivalent to:

X'Xb = X'Y (4-35)

Stepwise Multiple Regression. Stepwise regression is a variation

of multiple regression which provides a means of choosing independent
variables which will provide the best prediction possible with fewest
independent variables. This computation method was used in this
study to provide the information necessary to select the independent
variables to be brought into the equation.

Typical stepwise regression uses a simple correlation matrix
for the selection of the first independent variable, choosing the
independent variable with the largest absolute value correlation
coefficient with the dependent variable. The selection of subsequent
variables in the typical stepwise regression is made by selecting
from the independent variables the variable having the highest
partial correlation coefficient with the response. The decision of
acceptance or rejection of each newly added variable is based on the
results of an overall and‘partial F-test. Then stepwise regression
examines the contribution the previously added variables would
have made if the newly added variable had been entered first. A
variable once accepted into the regression equation may later be
rejected by this method.

The only modification made to the typical stepwise regression
procedure was that the variable's order of entry was determined in
part by the results of screening procedures and studies by others

and not by use of a correlation matrix alone.
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Examination of Residuals. The residual refers to the difference

between the observed and regression equatioﬁ value of the dependent
variable. The basic assumptions made about the residuals when using
least~squares regression analysis indicate that they are independent,
have a constant variance and zero mean, follow a normal distribution
if an F-test is used. The examination of residuals therefore should
be directed to verifying the assumptions.

If the number of observations is several, one method of identifying
independence of the residuals from one another is examination of the
pattern of the signs (plus or minus) of the residuals to determine
if the observed arrangement is statistically unusual, shown by Draper
and Smith (10). This can include a graphical representation of those
values and examining the sign of the residuals. The observed number
of runs is considered as the number of sign changes plus one. The
probability of the observed number of runs may be obtained from
tables (10). If the probability of occurrence is less than five
percent, the arrangement is assumed to be non-random.

If the number of observations is greater than twenty positives
and' twenty negative values, another test for independence of residuals
may be made. A normal approximation to the actual distribution of
the number of runs was used as suggested by Draper and Smith (10)

where:

2 nj) np

L n; + np +1 (4-36)

2 ny) np (2 ny np, — np - n2)
o? = ' , and (4-37)
(n; + n2)2 (ny + ny - 1)
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- 1
7 = (u-u+h (4-38)

(o4

with n; representing either the number of positive or negative
residuals and n, being the number of residuals with a sign opposite

of those chosen for.nj. u and o2 are the mean and variance of the
discrete distribution of u, the number of runs. The probability of

Z can be determined and if this probability value is low, then an
unusually low number of runs will have occurred, and it will be assumed
that the residuals are non-random and dependent.

The residual mean square value of the model,

A

1
Yy - ¥p)?,

n - 2.
i

™23

1

has the expected value of the error variance, o2, only if the model
is correct. If it is incorrect the residuals contain errors of

two components, the variance error, which is random, and bias error,
which is systematic. If repeat measurements of the dependent
variables are made with all independent variables retaining their
same value for two or more observations, the dependent values can
be used to determine an estimate of the variance error because in
this case only random variation can influence the results. The
procedure used to determine the variance error estimate of o2,

Se2 is outlined by Draper and Smith (10). Suppose

Yi1, Y12, « o oy Ylnl are n) repeat observations at Xj.

Ykis Yk2s o « s Yknk are njy repeat observations at Xy +

The contribution to the pure error sum of squares from the X; readings

is then:
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n) — nj —
I (Yiu - ¥)% = & Y4 - mp V5P (4-39)
u=1 u=1

where ?& is the mean value of the Y;i, Yjo, . . . Ylnl observations.

Similar quantities are evaluated for the other sets of Y's. The

total variance error sum of squares is:

k n4
% (Y

: iu ~ Y_i_)2 (4-40)
i=l m=1

and the total degrees of freedom equals

(ni - k) .

([ e I

Then the mean square for the variance error is

k n4{ _
z T Yy - Y92
Vi - i=1 u=1 _
S%e " (4-41)
z ni -k
i=1

and is an estimate of a2,

Selection of Best Equation. The square of the multiple correla-

tion coefficient or the coefficient of multiple determination (R2),
the ratio of the sum of squareés, is one possible criterion for selec-
tion of the best equation. However, the importance of an RZ close

to unity, its maximum value, may be misleading. This is particularly
the case when only a small number of observations are used, because
the increase in the number of variables may have more of an influence

on the accompanying increase in R? than the related explanation
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contributed by the variables. The addition of another variable

to a regression equation will never decrease R2, Draper and Smith (10)
point out that if a set of observations on a dependent variable

has only four different values a four-parameter model will provide

a perfect fit. One method which takes into consideration a number

of observations and the number of parameters is the corrected coeffi-

cient of determination (§2) defined by Goldberger (l4).

R2 =R - e (- R) (4-42)
where: R? = coefficient of determination
K = number of variables
N = number of observations
N - K - 1 = degrees of freedom.

The corrected coefficient of determination does not always increase
with the addition of a new variable to the regression equation. One
of the techniques used to evaluate alternative equations was the
corrected coefficient of determination.

The standard error of estimate, defined as the square root of
the residual mean square, has incorporated into it consideration of
the degrees of freedom of the residual and, therefore, is also a
usable index for evaluating alternative regression equations.

The simple F - test, a ratio of the regression mean square to
the residual mean square, is a measure of the equation's usefulness
as a predictor. A significant F-value means only that the regression
coefficients explain more of the variation in the data than would
be expected by chance, under similar conditions, a specified percent-

age of the time. It should be further noted that use of the F-test
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requires that the residuals be normally distributed. Normal distribution
of water supply and wastewater disposal data cannot be arbitrarily
aésumed to exist. However, normal distribution is not required for
regression analysis.

The sequential F-test was used to determine if the addition of
a new variable into the regression equation explained more of the
variation than would be expected by chance. A 5 percent level of
significance was used. The sequential or partial F-test as iﬁ is
sometimes called is the ratio of the regression sum of squares
explained by the addition of the new variable divided by the residual
mean square (26). This calculated value is termed FC and is compared
with published values of the F-test to determine the probability that
the explained deviation is significant when compared with the

unexplained deviation.

F_= (D /£)/(D /) (4-43)

where: F calculated F value

0

D = explained deviation

e
Du = unexplained deviation
fe = degrees of freedom of De = NV

f = degrees of freedom of Du.= N-N -1
NV = number of independent variables

N = number of samples.

A plot of the residuals versus their associated fitted value
of the dependent variable also yields information on any variation

in variance as the magnitude of the fitted value increases.
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Preparation of the residuals into unit normal deviate form and
comparison of the resulting residuals distribution allows another
examination of the residuals. Using this technique approximately
95 percent of the unit normal deviations would be expected to be within
-1.96 to +1.96. If the residuals are assumed to have a normal distri-
bution, their unit normal deviate form should satisfy the above

criterion.

METHODS OF DATA COLLECTION AND PROCESSING

To gather the proper data the developing countries were divided
into three major regions, Africa, Asia, and Latin America, and a ques-
tionnaire was prepared, a copy of which is in the appendix for Chapter
IV. Figures for population equivalent (PE) and percent biochemical
oxygen demand (BOD) removal were obtained through the use of formulas.

The following formula was used to calculate PE:

PE = 8.33 QL (4-44)
b

where: Q average flow in wastewater treatment plant (MGD)

(ol
1]

average 5-day BOD of the waste (mg/l)

o
]

0.17 1bs BOD per capita per day (commonly assumed value).

BOD removal efficiency was calculated using the following formula:

(BOD; - BOD,) 100
X19 = BOD{

(4-45)

where: Xjq percentage removal

BOD, = X7 5~day BOD influent

BOD_, = X;g = 5-day BOD effluent.



130

Questionnaires were sent to Africa in March 1974, the Far East,
Middle East and Latin America in May 1974. Due to problems in the
handling of overseas mail and the problems which may arise in data
collection, it was decided to send one questionnaire to local govern-
ment offices (capital city or provincial city) and one to those
national government agencies dealing with water supply and waste-
water disposal. The questionnaires were sent to ministries of health,
city governments; and water development boards, as well as the following
agencies:

(1) Regional Office for the Mediterranean, World Health Organi-

zation, Alexandria, Egypt;
(2) Regional Office for Africa, World Health Organization,
Brazzaville, Congo;

(3) Regional Office for the Pacific, World Health Organization,
Manila, Philippines;

(4) Regional Office for the Far East, World Health Organization,
New Delhi, India;

(5) Pan-American Center for Engineering and Environmental
Sciences, Lima, Peru;

(6) American University of Beirut, Beirut, Lebanon;

(7) University of Nairobi, Nairobi, Kenya;

(8) Asian Institute of Technology, Bangkok, Thailand;

(9) Middle East Technical University, Ankara, Turkey.

Included with the questionnaire was a letter and over-—all summary
of the research project on Low Cost Methods of Water and Wastewater

Treatment in Less Developed Countries directed by Professor George W.

Reid.



In sampling there always exists the risk, in making an estimate
from data, that a particular sample is not truly representative
of the universal population under study. The risk can be minimized
by the application of probability sampling methods and appropriate
estimation techniques, and also by taking a larger sample than
originally called for (51).

Stratified random sampling, as used in this study requires that
the sampler have prior knowledge about the population with respect
to various categories or strata.

The sampling process involved a number of assumptions about
variables in the universe, as follows:

1. The dependent variable is a random series with a probability
distribution.

2. The independent variables are random series with probability
distributions.

3. The dependent and independent variables are random series,
each with a normal distribution; hence, there is a joint

multivariable normal distribution.

4. Further assumptions are required for the random variables
for testing and estimation.

Multicollinearity is defined as the intercorrelation among
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independent variables. When independent variables are intercorrelated,

it is difficult to disentangle them in order to get precise and
separate estimates of their relative effects upon the dependent
variable, and estimates move further away from their association
parameters. Two of the very few things which can be done to minimize
multicollinearity are:

1. specify variables in the model which are known to be related

2. check for variables in the model which have the same meaning
and eliminate them.

.
2
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To estimate the sample size of this study the Neyman allocation

method (51) was used. The sample size n is defined by the following:

(4~46)

where: nS = Sample size required for the Sth stratum,

SS = Sample estimate of the standard deviation, Sth stratum,
n = Number of observations required,
NS = The size of the Sth stratum.

An estimated variance within each stratum was necessary to compute
the sample size required for each stratum (ns). In this study a
random size between 25 and 35 was used to estimate the variance
for each stratum. TFinally, n is computed by the following (51):
2
LN S
(ZN_5)

n = (4=-47)
TN S 2 4 N2y2
S S

where: N total population size

\Y

desired variance.

V2 is defined by the following:

o _ d?
v2 = 5 o (4®)

where: d = half width of the required confidence interval

t
1]

level of reliability.

Table 1V.3 shows the number of questionnaires sent to and received
from the three principal geographic regions. Also shown is the number
in the samples for which data was used which was found in the litera-

ture survey. Using this sample data the partial regression coefficients



TABLE IV.3

DISTRIBUTION OF THE COUNTRIES SURVEYED
AND SAMPLE DISTRIBUTION
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Region AFRICA ASIA LATIN AMERICA
Eg:;;zg ( West | North | Far East | Middle East S:‘S‘E';':d?:‘si South
Zaire x
Kenya X
Zambia X
Malawi X
Nigeria X
Ghana X
Uganda X
Sudan X
Ivory Coast X
Central Africa X
Libya X
Egypt X
Morocco x
Tunisia X
Algeria b4
Cameroon X
Ethiopia X
Somali P
Malagasy X
Liberia X
Sierra Leone x
Gabon x
Mozambique X
Rwanda X
Mali X
Singapore x
South Korea x
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TABLE 1V.3--Continued

Region

AFRICA

ASIA

LATIN AMERICA

East and

Central West

North

Far East

Middle East

Central and
Wesc Indies

Burma
Taiwan
Pakistan
Philippines
Afghanistan
Viet Nam
Laos

Cyprus

Iran

Saudi Arabla
Syria

India
Indonesia
Thailand
Lebanon
Jordan
Turkey

. Barbados
Panama
Jamaica
Venezuela
Guyana
Paraguay
Uruguay
Argentina
Mexico
Costa Rica

Trinidad-
Tobago

Puerto Rico

South



TABLE IV, 3--Continued
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Region

AFRICA

ASIA

LATIN AMERICA

East and
Central

West

North

Far East

Middle East

Central and
West Indies

South

El Salvador
Haiti
Guatemala
Brazil
Colombia
Peru

Chile

Bolivia

Number of
Questionnaires
Sent

50

59

40

Number of
Questionnaires
Received

43

40

25

Percent of the
Questionnaires
Received

86

67

Sample Number
Needed

90

75

65

Sample Number
Received

60

40

32

Sample Number
From Literature

43

38

25
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for the following forms of linear equations were computed for each
submodel. The form which gave the best fit was used as the predictive
équation.

The following forms of equations were tested to establish the

best predictive equation:

k
Y=3 + I by X; (4~49)
i=1
k
InY=b + I bj ln Xy (4-50)
° i=1 '
1 k
Tay =Pt I by InX (4-51)
i=1
k
InY=5b + I b, X, (4-52)
0 , ii
i=1
1 k
==b + I b, X, (4-53)
Y 0 i=1 i1

where: Y dependent variable, Dw, Dww, Cw, or Cww in this study

b
1}

independent variable, X;, X5, . . . X392

o
o
1]

partial regression coefficients.

RESULT OF DATA ANALYSIS

Many of the questionnaires received did not include BOD information.
Some questionnaires reported that waste water disposal was not yet
developed; thus, related data could not be supplied.

Water Demand Model. 1In developed countries where data are

abundant and where water demand information is readily available, the
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problem associated with evaluating design capacity is usually not

too serious. Since a large proportion of water supply design is of
the nature of expansion rather than new supply, it is usually possible
to analyze meter records to obtain indications of per capita water
demand.

Such is not the case, however, in developing countries. These
systems are generally new; hence, historical demand records do not
exist. In this situation use is often made of per capita demand in
developed countries. These figures are often inappropriate for
specific design situations in a developing country, since socio-
economic conditions of a community in a developed country are often
significantly different from those of a community in a developing
country. Furthermore, water systems in developed countries meet
additional large commercial and town irrigation demands.

The primary concern of this part of the model was to develop
water demand predictive equations utilizing socio-economic, environ-
mental and technological variables from developing countries. Data
from developing countries were analyzed using eight independent
variables as shown in Figure IV.1l. The sequential F-test indicated
the non-significance of variable X;. Furthermore, there was no
improvement of the regression equations with temperature (X;) and
precipitation (Xg). There was a good correlation between water
usage and variables X, X5, and Xg. In the United States, the Reid
study (31) showed precipitation, income, population and lifestyle,
as indicators of water usage.

Equations for predicting water demand for three regions (Africa,

Asia, and Latin America) are presented below. Each satisfies the
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sequential F-test criteria and the corrected coefficient of determination.

D = 22.0341 + 0.0973 X, R? = 0.953 (4-54)
w.af
D, ,¢ = 12.7200 + 0.0683 X,

+ 0.0142 Xq RZ = 0.968 (4-55)
D = 7.1476 + 0.0827 X, R? = 0.902 (4-56)
wW.as
D = 6.6317 + 0.04597 X, R? = 0.953
w.as

+ 0.2204 X5 + 0.0263 Xg RZ2 =.0.968 (4-57)
D = 15.3981 + 0.0663 X, RZ = 0.810 (4-58)
w.la
D, 1, = 13.7401 + 0.0645 X,

+ 0.0682 X5 + 0.0330 Xg R? = 0.897 (4-59)

where: Dw af = water demand in Africa in gallons per capita per day (gpcd)

Dw.as = water demand in Asia (gpecd)
Dw la = vater demand in Latin America (gpcd)
X0 = population of the community served by water supply

in thousands, where X, < 1000

X5 = percentage of homes connected to water supply systems

Xg = average national per capita annual income in U.S. dollars.

Wastewater Disposal Model. To obtain optimum design of wastewater
treatment plants, the amount of sewage provided must be estimated.
developed countries use seventy-five percent of water demand as the
criterion for designing wastewater plants, but this may be not applicable
to developing countries. The primary purpose of this part of the
model was to develop equations for predicting the amount of sewage
produced per capita per day.

Sample sizes of 49, 55, and 46 were used in this model. Variables

Xg9 and X;, were non-significant. Good correlation between per capita
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wastewater disposal and variables Dw’ X1p and X)) were obtained.
The equations for predicting per capita wastewater discharge daily
are presented below. Each satisfies the sequential F-test criteria

and the corrected coefficient of determination.

D = 0.2840 + 0.6670 D R? = 0.890  (4-60)
ww.af w
D .= 0.6442 + 0.40614 D
ww.af w 2
+ 0.0079 X]0 - 0.0341 X11 R™ = 0.960 (4-61)
2
wa.as = 0.7206 + 0.7399 Dw R™ = 0.908 (4-62)
D = 0.993 + 0.4614 D
WW.as v
+ 0.0047 X, R? = 0.952 (4-63)
_ . e 2 _
ww.la - 0.1652 + 0.7508 Dw R™ = 0.990 (4-64)
D = 0.1835 + 0.6164 D
ww.la W
- 0.0368 X11 RZ = (0,599 (4-65)
where: wa.af = wastewater disposal in Africa (gpcd)
wa.as = wastewater disposal in Asia (gpcd)
wa.la = wastewater disposal in Latin America (gpcd)
Dw = water demand (gpcd)
X10 = percentage connected to public sewerage systems
X11 = percentage of household systems.

Wéter Treatment Cost Model. Cost data on water construction,
operation, and maintenance were analyzed after all the costs had
been projected to U.S. dollars using International Financial Statis-
tics (20) and then projected to 1975 U.S. dollars assuming 6% per-
cent annual inflation. An examination of the correlation matrix

indicated a high correlation between Dw and X5 and therefore only

one of those two variables was used in any one of the regression
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equations. For slow and rapid sand filter processes, equations
predicting construction cost for both per capita (C'w) and per MGD
(C"w) design were evaluated. Also, operation and maintenance cost
per capita per year (C"'w) and per MGD per year (C””w) were evaluated.

A sequential F-test justified the acceptance of each variable
into the regression equations. In all regions good correlations
were obtained using water demand (Dw), technological indicator (X;3),
population (Xj,), and design capacity (Xj5). The logarithmic
transformation of variables gave the best fit. Each equation
satisfied the corrected coefficient of determination.

The best fit equations for predicting construction, operation
and maintenance costs for slow sand filters are as follows:

= 2, + 0.0988 £ D
en Coag = 2 6436 + 0.09 2 P, .
-~ 0.20651 £_ X R2 = 0.810 (4~66)
n 14
"
£ © wiaf = 3.4537 + 0.0089 ¢ D
-0.1321 £ X_, R2 = 0.806 (4-67)
n 14
"t
= 0. + 0.0160 D
ﬁnc v.af 0.4346 + 0.016 en y
- 0.3628 £ X R? = 0.756 (4-68)
n 14
" 2
£ ¢ =1.6217 - 0.6203 £ X R = 0.865 (4-69)
n v.af n 15
c' = 2.7436 + 0.0088 £ D
n W.as n w
- 0.1065 £ X R® = 0.887  (4-70)
n 14
"
o € uge = 3-6044 +0.0100 e X5
- 0.1065 £ X R? = 0.876 (4-71)
n 15
"t 2
Lt C = 0.5017 - 0.0751 £ X R™ = 0.770 (4-72)

a  w.as n 14



n
n

where:

W.dS

(:l'!

w.la

NIt

w.la

Cll T

CHN

.af

.af

.af

.af

.as

.as

.as

.as

.la

.la

.la
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= 2.1243 ~ 0.1018 £ X

n 14
2 )
- 0.4891 zn X; s R° = 0.902 (4-73
2.5461 + 0.009¢ £ X
n 13
, 2
"].4 A - —1.'.
0.3628 ﬁn Xl& R 0.640 (4-74)
. . ) 2
3.7997 - 0.0799 ﬁn X4 R = 0.592 (4-75)
0.3559 - 0.1511 £ X R? = 0.804 (4-76)
n 14
1.6751 + 0.0016 £ X
n 13
- 2 _ 4=77
0.6315 £ X, R® = 0.579 ( )

per capita construction cost, Africa ($U.S.)

per MGD construction cost, Africa ($1000 U.S.)

per capita per year operation and maintenance cost,
Africa (S$U.S.)

per MGD per year operation and maintenance cost,
Africa ($1000 U.S.)

per capita construction cost, Asia ($U.S.)
per MGD construction cost, Asia ($1000 U.S.)

per capita per year operation and maintenance cost,
Asia ($U.S.)

per MGD per year operation and maintenance cost, Asia
($1000 U.S.)

per capita construction cost, Latin America ($U.S.)
per MGD construction cost, Latin America ($1000 U.S.)

per capita per year operation and maintenance cost,
Latin America (SU.S.)

per MGD per year operation and maintenance cost
Latin America ($1000 U.S.)
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Dw = water demand (gpcd)

X13 = percentage cost of imported water supply materials
X14 = design population for water supply (1000's)

X15 = design capacity for water supply in million gallons

per day (MGD).

Fquations for predicting construction and maintenance and operation

costs of rapid sand filters are as follows:
C' .= 3,1325 4+ 06.0024 £ D
n w.afl nw
—- Y > 2 4
0.885 & X14 R™ = 0.902
1" = & : N ) ” 4
ﬁn C w.af 5.8975 + 0.0097 - kl3
. , 2 .
- )y J — .
0.0127 Ln le R™ = 0.859
ST = Q bXs BT
fn C w.af 1.9229 + 0.0396 f’_n nw
_ 2 .
0.2596 8“ Xlé R™ = 0.953
et = [ o . .
- C w.af 1. 7581 4+ 0.02%3 Cn X13
. 2 .
- 0.0370 £n X5 R™ = 0.805
£ ' o= 3.3160 + 0.0017 £ X
n v.as n 13
- 0.0901 £ X, R = 0.870
n 15
) 1
En ¢ w.as = 6.3884 + 0.0005 £ X
n 13
- 0.0380 £ X, R2 = 0.877
n 15
£oc! = 2.7466 + C.0088 £ D
n w.as noow
-~ 0.2065 £ X R2 = (),9249
n 14
¢ c"" = 5.0991 + 0.0246 £ X,
n w.as n 13
o neen g x 2 _
0.0553 Zn XlS R™ = 0.902

(4-78)

(4~79)

(4-80)

(4-81)

(4-82)

(4-83)

(4-84)

(4-85)



' - 9
" (o w. la 3.4597 + 0.0021 ﬁn X13
2
- Q =
0.0%01 £h X15 R 0.876
Loc = 6.1323 .0027 £ 3
o C v.la 6.1323 + 0.0027 0 Ylb
) . 2
0.0236 £n hlS R = 0.960
1y = 5 RS ? X
n C vl 2.0127 4+ 0.0238 Ln 13
) ] 2 _
0.3007 ﬁn XlS R = 0.897
” \'”‘I . . I . . [/ ?
£.n ( vla 4.7829 4 0.0448 ﬁn X13
- 2 - q
0.0530 ﬁn X15 R™ = 0.968

Wastewater Treatment Cost Model. The last set of predictive

equations were developed for construction, and operation and main-
tenance costs of wastewater treatment for the three regions using
seven independent variables as shown previously in Figure IV.1.
Variables X;;, Xyg, Xigs and X,, were non-significant since most of
the wastewater plants did not provide influent and effluent BOD
values. The variables X,¢ and X, gave the best correlation for
all wastewater treatment processes (stabilization lagoon, aerated
lagoon, activated sludge and trickling filter). The technological
indicator (X,;) appeared in the regression equations of the three
more advanced wastewater treatment processes (aerated lagoon, acti-
vated sludge, and trickling filter), especially in the operation
and the maintenance equations. The conclusion is that in the devel
countries machines such as aerators, motors, and chemicals have to
imported for these processes. Therefore, in developing countries
where land is cheap the stabilization lagoon or other land-type

processes are the appropriate technology.
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(4-86)

(4-87)

(4-88)

(4-89)

oping

be
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Each

corrected

4-110 and 4-117.

operation

£

n

m

n

]
¢ ww.af

Al -

" ww.af

cHe =

ww.af

Cli" =

ww.af

Ww.as =

VW, ds
)
ww.as

wv . a8s

ww.la

(\ll' =

ww.la

mnn —

" ww.la

=1

-0.3274 - 0.1846 ﬁn X

2.2242 - 0.0035 En X

()

equation developed satisfied the sequential F-test and

coefficient of determination except for equations

The best fit equations for predicting construction,

.3955 - 0.1845 En X
0770 -~ 0.0440 E“ X
0.2532 - 0.2837 ﬁn X

.0%967 - 0.2683 Zn X

0.0345 £ X
n 2

.5304 ~ 0.2152 £n X

.9849 - 0.2594 £n X

.7880 - 0.0979 ﬁn X

.6571 - 0.0079 Kn X

0.0043 £ X
n

0

20

16

16

16

16

16

16

16

16

16

16

.2597 - .0879 En X16

.5720 - 0.2160 kn X

0.0024 £ X
n

20

16

R2

R

R

0

0.

and maintenance costs of stabilization lagoons are:

. 950

. 864

606

L6850

.788

784

.810

. 960

.806

. 848

(4-90)

(4-91)

(4-92)

(4-93)

(4-94)

(4-95)

(4-96)

(4-97)

(4-98)

(4-99)

(4-100)

(4-101)



145

Equotions for predicting conctruction, operation and maintenance costs

of aerated lagoons are as follows:

£ C' o= 1.4768 - 0.1132 £ X, R® = 0.990 (4-102)
‘" = 8 -
£ c" = 4.8764 - 0.0025 £ X
- 0.1214 £ X, R? = 0.861 (4-103)
£n c""m af = 0.1136 - 0.1435 Kn x16 R2 = 0.865 (4-104)
£oCM = 3.7754 - 0.2854 £ X, R? = 0.853 (4-105)
£oC' = 1.6395 - 01565 £ X, R® = 0.898 (4-106)
£ C" = 5.0595 - 0.0475 £_ X
n ww.as n 16
- 0.2105 £_ X, R? = 0.988 (4-107)
g C'' = 0.3561 - 0.0955 £ X R? = 0.958  (4-108)
£ ¢ = 3.9509 - 0.2170 £_ X
n ww.as n 20
+0.0032 £ X, R? = 0.853 (4-109)
€ 1a = 17581 - 0.1461 £ X (4-110)
ML= 5.4210 - 0.1645 £ X, R? = 0.956 (4=111)
£, "l .= 0.21749 - 0.1600 p X, R? = 0.921 (4-112)
£n C"";w.]a = 4.023 - 0.3659 zn XZO RZ = 0.948 (4~-113)

Equations for predicting construction, operation and maintenance cost

of activated sludge treatment are as follows:
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ww.af

ww.af

ww.af

ww.af

wWwW.as

"
WW.4as

Clll

CY!!!

ww.la

ww.la

CH 1

C""

.0051 - 6.3090
.5907 - 0.3020
0.0021 £n X21
.5225 - 0.3307
0.0032 En X21
.1250 - 0.3355
.8597 - 0.2850
0.0201 Kn X21
.7594 - 0.2645
0.20644 Kn X21
.7534 - 0.4269
0.0021 ﬁn Xz1
.9224 - 0.2754

0.0021 Bn.x21
.8967 - 0.2709
.2754 - 0.0035
0.3575 {1 X,0
7526 - 0.4002
.6075 - 0.0073

. £
0.3902 - X20

£
n

£

n

16

20

16

20

16

16

16

16

16

16

16

16

R

.984

.917

.960

.802

. 948

.948

. 940

.968

. 687

.865

(4-114)

(4-115)

(4-116)

(4-117)

(4-118)

(4-119)

(4-120)

(4-121)

(4-122)

(4-123)

(4-124)

(4-125)
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Equations for predicting construction, operation and maintenance cost

of trickling filter treatment are as follows:

2
L ¢ = 3. - 0.2546 £ = 0. -
S C ww.af 3.1058 0.2546 a X16 R 0.938 (4-126)
9
L et = 7. - 0. ¢ <= 0. -
- C w.af ? 2400 3.5503 o XZO R 0.966 (4-127)
e - g, -0 "1 L 2 = -
f& C g & 1-5591 - 0.3105 & X, R 0.910 (4-128)
[ ;llll - r. 2 - ‘~ E ,
n ¢ vwoaf 0-1240 - 0.3355 n XZO
N
{ L‘ Y e R -
+ 0.0024 a le R 0.958 (4-129)
£ ¢ a3.0021 - 0.3610 € x
n wWw.as n 16
2
+ 0.0124 1% X21 R™ = 0.9606 (4-130)
'E " = - £ 2 e= -—
. C . as 7.0453 0.5709 u XZO R 0.940 (4-131)
L ! = 1.8641 -~ 0.3507 £ X R2 = (0.913 (4-132)
n VW . aS n 16
£ ot = 5.2594 - 0.2659 £ X
n wW.as n 16
. 2 \
+ 0.06211 [n Xo1 R” = 0.896 (4-133)
o 2
g ' - 146G~ ‘ ? = Q -
Ln C wir . 12 3.3345 0.2491 Ln X16 R 0.929 (4~134)
" - o 2 _
.(’,n C'o.1q = 6-9852 - 0.3294 E.n %90 R™ = 0.958 (4-135)
£ = 1.7543 - 0.2009 £ ¥ R2 = (0,937 (4-136)
M ww.la . n 16 :

Lh C‘ww.la = 5.975 - 0.2956 Kn X20 R™ = 0.900 (4-137)
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C'ww af = Per capita construction cost, Africa ($U.S.)
”ww af = Per MGD construction cost, Africa ($1000 U.S.)
c"! af = Per capita per year operation and maintenance cost,
ww. Africa ($U.S.)
¢ af = Per MGD per year operation and maintenance cost,
- (51000 U.S.) |
'ww as - per capita construction cost, Asia {$U.S.)
”ww as = Per MGD construction cost, Asia ($1000 U.S.)
" as - Per capita per year operation and maintenance cost,
ww.as Asia (U.S.)
C";w as = Per MGD per year operation and maintenance cost,
) Asia ($1000 U.S.)
C'ww 1a = Per capita construction cost, Latin America ($U.S.)
”ww la = Per MGD construction cost, Latin America ($1000 U.S.)
c''' 1y = per capita per year operation and maintenance cost,
WWel28  latin America ($U.S.)
C”;w 1a = per MGD per vear operation and maintenance cost,
: Latin America ($1000 U.S.)
X16 = design population for wastewater (1000's)
X20 = design flow of wastewater plant (MGD)
X21 = percent of cost of imported wastewater disposal

materials.

Comments Regarding Models. The non-logarithmic linear form

resulted in better predictive equations for the water demand and
wastewater disposal models, producing higher R? values and satisfying
the sequential F-test criteria. The log-log linear form gave better
predictive equations in water and wastewater treatment cost models.
In almost all cases, the rapid sand filter construction, operation
and maintenance costs were correlated with variable X;3, percentage
of cost of imported water supply materials, while activated sludge

and trickling filter were correlated with variable X;;, percentage of
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cost of imported wastewater disposal materials. This shows that an
abundance of materials have to be imported for constructing, as well
as operating and maintaining these high technology processes.

In Tables IV.4,5,6,7 correlation matrices, degrees of
freedom, deviations, residual mean squares (RESMS) are given for
estimating standard errors of estimated expected values with a
ninety-five percent confidence interval. Table IV.8 shows typical
construction, operation and maintenance costs of slow sand and rapid
sand filters for selected socio-economic and technological conditions
using the predictive equations. Table IV.9 gives comparison costs
of wastewater treatment processes for the Cpheri-Nagpur study done
in India (25) and the predictive equations developed here. Tables IV.10-

17 in the appendix for Chapter IV give results obtained with the equations.

ADDITIONAL RESEARCH

Additional research is needed to evaluate and strengthen the

models developed in this study.

(1) It is possible that these models could be refined by
inclusion of additional socio-cultural data. This would
require fieldwork in one or two countries as case studies.

(2) Case studies of water demand are needed from two areas.

These would include more detailed data than could be obtained
by mail survey.

(a) One country should be selected among the arid areas
of the Middle East, for example, Saudi Arabia.

(b) Another country should be selected in a tropical
region, for example, Zaire,

(3) More mathematical models should be developed which are

based on conditions of developing countries and
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which reflect the total water resources planning in the
developing countries.

(4) There is a need to develop water quality standards for
developing countries,

(5) Cost-effectiveness studies of water supply and waste-
water disposal should be carried out, comparing in parti-
cular the benefits acquired from treated water and sewerage
facilities to other public work sectors.

(6) Efforts should be made to apply these models in actual

planning situations.

SAMPLE PROBLEMS

Sample Problem 1. The City of Istanbul, Turkey, is proposing

to build either stabilization lagoons for three suburbs or one acti-
vated sludge plant. Land is cheap, and due to geographical location
the cost of transporting the wastewater by gravity flow is minimal.

Per capita income in the city is estimated to be 250 U.S.
dollars per year. Twenty percent of the cost of wastewater disposal
materials would have to be imported to construct and operate the
activated sludge plant. The design population is given in Figure IV.
A recommendation is sought for the Istanbul Planning Commissioners
in terms of the mean lower cost process (three stabilization lagoons
or one activated sludge plant).

Solution
Using equation (4-94),

Construction Cost of Stabilization Lagoon 1 --
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o
(@]
]

1.5303 - 0.2152 Rn X16

1.5303 - 0.2152 Qn 100

1.5303 - 0.9910 = 0.5393
Antilog of 0.5393 = 1.71 ($U.S./capita).
Operation and Maintenance Cost of Stabilization Lagoon 1,

using equation (4-96) —

g c"!' -0.3274 - 0.1846 Zn 100

n ww. as

-0.3274 - 0.8501

-1.1775

Antilog -1.1775 = 0.30 ($U.S./capital/year).

Fig. IV.2. Sample Problem 1.

Suburb I, Population = }00,000. * Location of Stabilization
Suburb II, Population = 25,000. Lagoons.
Suburb III, Population = 75,000.
C Location of Activated Sludge Plant.

—»— Transportation of Wastewater to
Point C.
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Construction Cost of Stabilization Lagoon 2 —-—

L C' 1.5303 - 0.2152 2 25
n  ww.as n

2.31 ($U.S./capita).

Construction Cost of Stabilization Lagoon 3 --

L C' 1.5303 - 0.2152 ¢ 75
n  ww.as n

1.82 ($U.S./capita).

Operation and Maintenance Cost of Stabilization Lagoon 2 --

L c"' -0.3274 - 0.1846 Rn 25

n ww.das

-0.3274 - 0.5942

-0.9216
Antilog -0.9216 = 0.40 ($U.S./capita/year).
Operation and Maintenance Cost of Stabilization Lagoon 3 --

. c
n WwW.as

-0.3274 - 0.1846 Qn 75

-1.12
Antilog -1.12 = 0.32 ($U.S./capita/year).
Using equation (4-118),

Construction Cost of Activated Sludge Plant —-

L C' = 2.8597 - 0.2890 2 X + 0.0201 2 X
n  ww.as n 16 n 21
(where: X16 is the total population of 3 suburbs and X21
is 20%)
L C’ = 2.8597 - 0.2890 & (100 + 25 + 75) + 0.0201 & 20
n ww.as n n

'2.8597 - 1.5312 + 0.0602

1.3887
Antilog 1.3887 = 4.01 ($U.S./capita).
Using equation (4-120),

Operation and Maintenance Cost for the Activated Sludge Plant --
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]

QI e -
n C ww.as 1.7534 - 0.4269 ln X

16
1.7534 - 2.2618 + 0.0062

+ 0.00
0021 ln X21

1

-0.5022
Antilog -0.5022 = 0.60 ($U.S./capita/year).

Total Construction Cost for Three Stabilization Lagoons —-

n

1.71 (100,000 + 2.31 (25,000) + 1.82 (75,000)

171,000 + 57,750 + 136,500 = 365,250 ($U.S.)

Total O & M Cost per Year for Three Stabilization Lagoons -~-

0.30 (100,000) + 0.40 (25,000) + 0.32 (75,000)

#

30,000 + 10,000 + 24,000

H

64,000 ($U.S./year).

Total Construction Cost for Activated Sludge Plant —-

"

4.01 (200,000)

n

802,000 (SU.S.)

Total O & M Cost per Year for Activated Sludge Plant --

0.60 (200,000)

[}

120,000 (SU.S./year).

Three stabilization lagoons would be the recommendation to
give to the Commissioners.

Sample Problem 2. The Governments of Kenya, Mexico, and Taiwan want to

establish small towns in the interior. The projected population for each
town (Kijiji Kipya, Nuevo Pueblo, and Hsin Tsein) is to be 5,000. Both
water and wastewater treatment plants must be built simultaneously. Figures
are needed for the mean costs of slow sand filters and aerated lagoons.

The following historical data exists for each region:

(1) Average annual income for Kenya is 500 dollars;

(2) average annual income for Mexico is 550 dollars;
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(3) average annual income for Taiwan is 1100 dollars.

(4) Percentage homes connected to water supply for Mexico
is approximately 40;

(5) percentage hones connected to water supply for Taiwan
is approximately 65.

(6) Assume the design population is the same as the population
of the towns.

(7) Since there are no sewerage systems, X)o and X;) are assumed
: to be zero. ’

(8) It is further assumed that 20% of the cost of materials
for building and operation will be spent on imported items.
Solution
Using equations (4-55) and (4-57) for water demand, the con-
strucﬁion and operation and maintenance costs of the slow sand filter
are found for each country.

1]
Qn ¢ w.af

[

2.6436 + 0.0988 ¢ D - 0.20651 &2 X (4-66)
n w n 1

4
= 2.6436 + 0.0988 Qn (12.72 + 0.0683 X2 + 0.0142 X6)

0.20651 ln X14

= 2.6436 + 0.0988 Rn (12.72 + 0.0683 (5) + 0.0142 (500) )

[

0.20651 ln'(S)

i

2.6080

Antilog 2.6080 = 13.57 ($U.S./capita), (construction, Africa).

g M = 0.4346 + 0.0160 & D - 0.3628 2 X (4-68)
n w.af n w n 14
= 0.4346 + 0.0160 ln (1272 + 0.0683 X2 + 0.0142 X6)
- 0.3628 Qn X14

= 0.4346 + 0.0160 zn (12.72 + 0.0683 (5) + 0.0142 (500) )

0.3628 2 (5)
n
= 0.4346 + 0.0480 - 0.5838

= -0.1012
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Antilog -0.1012 = 0.90 ($U.S./capita/year), (0 & M, Africa).

g C'

2.7436 + 0.0088 £ (6.6817 + 0.04597 (5) + 0.2204 (65)
n w.as n

+ 0.0263 (1100) ) ~ 0.1065 ln (5) (4-70)

2.7436 + 0.0344 - 0.1711

2.6069

Antilog 2.6069 = 13.55 ($U.S./capita), (construction, Asia).

2, Cll'

0.5017 - 0.0751 & (5) (46-72)
n w.as n

0.3809

Antilog 0.3809 = 1.46 ($U.S./capita/year), (O & M, Asia).

L
2n ¢ w.la

2.5461 + 0.0096 ln (20) - 0.3628 Qn (5) (4-74)

2.5461 + 0.02876 - 0.5839

1.991

Antilog 1.991 = 7.32 (SU.S./capita), (Construction, Latin America).

. c'"!' = 0.3559 - 0.1511 2 (5) (4-76)
n w.la n
=0.1127

Antilog 0.1127 = 1.12 ($U.S./capita/year), (0 & M, Latin America).

Construction, operation and maintenance costs of aerated lagoons

are found for each country.

1]
IZ'n ¢ ww.af

1.4768 - 0.1132 ln X (4-102)

16
1.4758 - 0.1132 Qn (5)

1.29462

Antilog 1.29462 = 3.65 ($U.S./capita), (construction, Africa).
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e = _ _
zn C . af 0.1136 - 0.1435 ln X16 (4-104)
= 0.1136 - 0.1436 & (5)
. n
= -0.1173
Antilog -0.1173 = 0.89 ($U.S./capita/year), (0 & M, Africa).
' = - -
Qn c . as 1.6395 - 0.1565 Rn X16 (4-106)
= 1.6395 - 0.1565 Qn (5)
= 1.3876
Antilog 1.3876 = 4.01 ($U.S./capita), (construction, Asia).
2 c" = 0.3561 - 0.0955 ¢ X (4-108)
n wWw.as n 16
= 0.3561 - 0.0955 Qn (5)
= 0.2024
Antilog 0.2024 = 1.22 ($U.S./capita/year), (0 & M, Asia).
9 ' = - g -
0 C ww. la 1.7581 0.1461 by Xl6 (4-110)

1.7581 - 0.1461 Qn (5)

1.523

Antilog 1.523 = 4.59 (SU.S./capita), (construction, Latin America).

o o (4-112)
n

0.21149 - 0.1600 & X
ww.la n

16
0.21149 - 0.1600 ln (5)

-0.0460

Antilog -0.0460 = 0.96 (8U.S./capita/year), (0 & M, Latin America).

Total Construction Cost for Slow Sand Filter in
Kenya

13.57 (5000)

67,850 ($U.S.).

Total Operation and Maintenance Cost for Slow
Sand Filter in Kenya

0.90 (5000)

il

4,500 ($U.S./year).



Total

Total

Total

Total

Total

Total

Total

Total

Total

Total

Construction Cost for Aerated Lagoon in
Kenya

Operation and Maintenance Cost for Aerated
Lagoon in Kenya

Construction Cost for Slow Sand Filter in
Taiwan

Operation and Maintenance Cost for Slow
Sand Filter in Taiwan

Construction Cost for Aerated Lagoon in
Taiwan

Operation and Maintenance Cost for Aerated
Lagoon in Taiwan

Construction Cost for Slow Sand Filter in
Mexico

Operation and Maintenance for Slow Sand
Filter in Mexico

Construction Cost for Aerated Lagoon in
Mexico

Operation and Maintenance Cost for Aerated
Lagoon in Mexico

]

3.65 (5000)

18,250 ($U.S.).

0.89 (5000)

4,450 ($U.S./year).

13.55 (5000)

67,750 ($U.S.).

1.46 (5000)

7,300 (SU.S./year).

4.01 (5000)

20,050 ($U.S.).

1.22 (5000)

6,100 (SU.S./year).

7.32 (5000)

36,600 (SU.S.).

1.12 (5000)

5,600 (SU.S./year).

4.59 (5000)

22,950 ($U.S.).

0.96 (5000)

4,800 (SU.S./year).
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CHAPTER.\/

Methodology for Establishing
Priorities among Water

Supply Programs:
A Case Study

This chapter presents a methodology for setting priorities for
water supply programs and represents a condensed form of material
which has not been published previously. In this study analysis
was made of the Indonesian Rural Water Supply Program. There were
found to be three major contraints in executing that Program, namely,
money, time, and manpower. The problem was to develop criteria for
selecting which among the proposed projects should be executed first.
Existing priority models were deemed unsuitable for application in
Indonesia at the present time because of the particular program strate-
gies and conditions prevailing, and also because of the lack of well-
trained engineering personnel, especially at the levels where the selec-
tion of the project localities is made.

In this chapter a delineation is made of' the relevant Indonesian

administrative hierarchy, population characteristics, and the water
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and sanitation situation. In the study, the following ten prioritizing
parameters were established: waterborne diseases, difficulty in ob-
taining water, technological alternatives, population, village contri-
bution, village potential, public places, excreta disposal, road condi-
tions, and power supply. These are discussed in detail in this chapter.
Through the use of forms and questionnaires extensive data was
obtained on particular localities in Indonesia. This data was sub-
sequently processed, and some of the results are presented here to

demonstrate utilization of the prioritizing mcdel.
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V.

A PRIORITY SETTING FOR THE RURAL
WATER SUPPLY PROGRAM IN INDONESIA

Soetiman

INTRODUCTION

General. This study deals with a present need of the Indonesian
Rural Water Supply Program, that is, a method of setting the priority
for selecting which villages should receive a water supply system
first. The scope of the Indonesian Rural Water Supply Program is
very broad; it covers more than 100 million Indonesian people who
live in about 56,000 villages. Resources, especially money and man-—
power, are very limited, and there is a time limit as well. Most
of the villages want to receive their water supply system first, and
it was felt that a priority model was strongly needed to ensure that
the government money is spent more wisely and that the people feel
that the program is being implemented fairly. This study consists
of four parts: an introduction, literature review, examination of
methodology, and a test of the model.

Indonesian Governmental Hierarchy. The basic hierarchy is illus-

trated in Figure V.1. The central (federal) government consists of
a president, a vice-president and about twenty-one ministers; there
is no prime minister. The province (state), also called the first-
level of government, is headed by a governor. There are twenty-six
provinces in all of Indonesia. The kabupaten is also called the

second-level of government and is headed by a bupati. There are 234

Ph.D. dissertation, University of Oklahoma, 1977. (224 pp.)
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CENTRAL GOVERNMENT

PROVINCE

KABUPATEN

KECAMATAN

DESA

Fig. V.1. A sketch of the Indonesian Governmental Hierarchy.
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kabupatens in all of Indonesia. Besides the kabupatens, there are
fifty-four municipal areas each of which is headed by a city mayor.
The kecamatan is headed by a camat, and there are 3,138 kecamatans
in all of Indonesia. The desa (village unit) is also called the
lowest~level of government headed by a lurah. Some desas consist of
only one village, but some desas consist of two or more villages.
There are 48,575 desas consisting of about 56,000 villages in all of
Indonesia.

The names of the twenty-six provinces and the number of munici-
pal areas, kabupatens, kecamatans and desas, together with urban and
rural populations quoted from the census in 1971 are shown in Table V.1.
This table indicates that the Indonesian population in 1971 was 119.2
million.

Population. At the present time, the figure for the population of
Indonesia which is accepted by the Ministry of Health is approximately
151 million consisting of 122 million who live in rural areas and
29 million who live in urban areas (1 ). These figures indicate
that more than 80 percent of the Indonesian population live in rural
areas, which is a common characteristic of less developed countries
in general. The present annual growth rate is 2.3 percent, and it
is expected that by an intensive family planning program which is
currently being implemented in the country, the annual growth rate
will be reduced to 1.2 percent by 2001 (7). With respect to age
groups, 44.1 percent of the population is under fifteen years of

age, and only 2.5 percent is over sixty-five years (7).
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Water Situation. Indonesia is a tropical country characterized

by heavy rainfall. The average rainfall for the whole country is
approximately 2,000 mm (about 80 inches) per year. Unfortunately,
the distribution of rainfall throughout the country is uneven; some
areas get a very high rainfall, for instance, Batu Raden, Central
Java, receives about 7,000 mm (about 280 inches) per year, while
Palu, Central Sulawesi, receives only about 700 mm (about 28 inches)
per year. The distribution of rainfall throughout the year is also
uneven. During the wet months, between December and March, some
areas get heavy flooding routinely which destroys property and takes
lives. During the dry months, on the other hand, between July and
September, some areas have no water, not even a drop to drink.

Water supply facilities are still scarce in most parts of
Indonesia, particularly in rural areas. Before the Indonesian Govern-
ment ran the First Five~Year Development Plan, April 1, 1969, te
March 31, 1974, fewer than twenty percent of the urban population had
been served by piped water systems from the Municipal Drinking Water
Services, and only about one percent of the rural population had
had reasonable access to safe water. By the end of the First Five~
Year Development Plan, approximately twenty-five percent of the urban
population was served by piped water systems, and about 1.6 percent
of the rural population had reasonable access to safe water. Today,
about forty-five percent of the urban population is served by piped
water systems, and about 5.4 percent of the rural population.

The majority of Indonesian people depeﬁd on unsafe water from
wells, rivers, irrigation canals, ponds, lakes, unprotected springs

and rainwater collections which are subject to pollution. On certain
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islands and coastal areas where potable water is not available, water
has to be brought by boats or trucks from nearby producers of safe
water. Villages in the mountainous areas use bamboo pipes to carry
water from natural springs, where the major portion of the water
leaks on the way and only a very small portion reaches the villages
due to the very long distances traveled.

The situation is drastic during the dry season, the period from
July to September, when wells, rivers, irrigation canals and ponds
run dry and the villagers have to travel a few kilometers or even
more than seven kilometers to get a bucket of water from the big
rivers or springs. Women and children are responsible for getting
the water, while men go to work to earn a living. They often spend
all day in this task; therefore, many children do not go to school
and lose their opportunity for the education which is provided by
the government. Also, women lose valuable time that could be devoted
to economic activities and educating their children.

Excreta Disposal. At present, not more than five percent of the

Indonesian rural population have or use facilities for safe disposal
of excreta (10). Most of the rural population dispose of their human
waste through rivers, irrigation canals, ponds, farms or backyards.
which creates the major source of pollution in rural areas. This
condition is, of course, very dangerous to public health and aestheti-
cally unpleasant.

In the First Five-Year Development Plan, the Provincial and
Kabupaten Health Offices initiated the introduction of the simplest
method for safe excreta disposal by means of latrines that consist

of just a plain hole covered by a concrete slab with a water seal.
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Now latrines, as excreta disposal facilities, are one of the most
important items in the INPRES (Presidential Instruction) Program in
Health Improvement and the Rural Water Supply and Sanitation Programs.

Public Health. Public health conditions in Indonesia, especially

in rural areas, are very bad due to a lack of safe water and excreta
disposal facilities as discussed previously. This causes many water-—
borne diseases (diseases which are transmitted through water), parti-
cularly cholera, which takes many lives. Cholera is said to be endemic
to Indonesia, that is, it is a disease which occurs every year and
spreads from one place to another, especially during the dry season
when water is extremely difficult to find or during the wet season
after heavy flooding. The World Health Organization Regional Office
for South East Asia (13) reported that there were numerous cholera
cases in Indonesia: 6,525 in 1970, 23,555 in 1971, and 43,423 in
1972 with the deaths of 1,379, 3,335 and 6,863 people, respectively;
this indicates a marked increase within a two-year period. Children
under six years of age are prone to cholera and other waterborne
diseases such as gastro-enteric diseases and typhoid.

Other diseases which are also considered waterborne and are often
contracted are trachoma and skin diseases. Malaria is a water-related
disease (a disease where a necessary part of the life cycle of the
infecting agent takes place in aquatic animals). Finally, other diseases
which are related to poor sanitation are hookworm infestation (ancy-

lostomiasis), and infestation of roundworms (trichuriasis and ascariasis).

Indonesian Rural Water Supply Program. The Indonesian Rural

Water Supply Program began in the first year of the First Five-Year

Development Plan, April 1, 1969, but only as a '"Pilot Project." At
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the end of the First Five-~Year Development Plan, March 31, 1974,

the Rural Water Supply Program had served only 721,250 people or
about 0.6 percent of the total rural population. On April 1, 1974,
the beginning of the Second Five-Year Development Plan, this Indo-
nesian Rural Water Supply Program was integrated with the INPRES
Program in Rural Development, and was subsequently called the INPRES
Program in Rural Water Supply.

Since the Indonesian Rural Water Supply Program has been financed
by INPRES funds, remarkable progress has been achieved; within three
years, 1974 to 1977, it was serving about 5.7 million people or about
4.7 percent of the total Indonesian rural population. The target of
the INPRES Program in Rural Water Supply is to supply safe water to
ten percent of the Indonesian rural population by the end of the
Second Five-Year Development Plan (March 31, 1979) with a water con-
sumption rate of sixty liters per capita per day using public taps
(hydrants) as a distribution system. Comparison can be made between
the designed water consumption rate of the Indonesian Rural Water
Supply Program and the World Health Organization data for average
daily consumption in rural areas, presented in Table V.2.

In implementing the Rural Water Supply Program, the Indonesian
Government is receiving assistance from the World Health Organization
(WHO) in terms of experts in planning and supervision; from United
Nations Children's Fund (UNICEF) in terms of materials and equipment
such as pipes, fittings, water pumps, pre-fabricated steel water
tanks, and survey and drilling tools; and from United Nations Develop-

ment Program (UNDP) and United States Agency for International Devel-
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TABLE V.2

AVERAGE DAILY WATER CONSUMPTION IN RURAL AREAS

Liters per Capita per Day

Region — —
Minimum Maximum
Africa 15 35
Southeast Asia 30 70
Western Pacific 30 95
Eastern Mediterranean 40 85
Europe {(Algeria, Morocco, Turkey) 20 65
Latin America and the Caribbean 70 190
World Average 35 90

SOURCE: World Bank, "Village Water Supply," March 1976, p. 33.
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opment (USAID) in terms of manpower development such as the upgrading

of health controllers, sanitarians and assistant sanitarians. The

ptogress of the Indonesian Rural Water Supply Program by funds,

by population served, and by systems are presented in Tables V.3, V.4,

and V.5, respectively.

The administrative steps in initiating and developing Indonesian

Rural Water Supply Project proposals is illustrated in Figure V.2

and described by the following steps:

1.

2.

10.

11.

12.

13.

The community complains.

The Health Center Officer discusses this complaint with the
Camat.

The sanitarian from the Health Center explores the complaint.

The Health Center Officer reports to the Hygiene and Sanita-
tion (HS) Section at the Kabupaten Level.

HS personnel and the Kecamatan sanitarian go to the area of
the complaint.

The HS Section Officer reports the information collected
from the area to the Bupati.

The Bupati sends an agreement of need to the HS Section.

The HS Section Officer proposes the need for a safe water
system to the Sub-Directorate of HS Provincial Level.

The HS Section Officer approaches the Bupati for his support
in construction and maintenance costs.

The Bupati instructs the Camat and Lurah to approach the
community for a contribution to construction and maintenance
costs.

The staff of the HS Sub-Directorate visits the area to review
the preliminary proposal.

The staff of the HS Sub-Directorate discusses the revised
preliminary proposal with the Governor to get a financial

contribution from the provincial level.

The proposal is sent to the HS Directorate for approval.



180

TABLE V.3

PROGRESS REPORT BY FUNDS,
RURAL WATER SUPPLY PROGRAM

Time Period Amount (Million $U.S.)
1969 - 1974 1.70
1974 - 1975 6.35
1975 - 1976 10.79
1976 - 1977 14.88
Total 29.62

SOURCE: Communication with Indonesian Ministry of
Health, Directorate General of Communicable Diseases,
Directorate of Hygiene and Sanitation, Jakarta, Indonesia.
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PROGRESS REPORT BY POPULATION SERVED,

RURAL WATER SUPPLY PROGRAM

Percentage of Total

Time Period Population Served Rural Population

1969 - 1970 78,700 0.077

1970 - 1971 28,500 0.027

1971 - 1972 82,850 0.077

1972 - 1973 242,950 0.219

1973 - 1974 287,800 0.253

1974 - 1975 1,452,982 1.247

1975 - 1976 2,130,400 1.785

1976 - 1977 2,107,500 1.724
Total 6,411,582 5.409

SOURCE: Communication with Indonesian Ministry of Health,

Directorate General of Communicable Diseases, Directorate
of Hygiene and Sanitation, Jakarta, Indonesia.



TABLE V.5

PROGRESS REPORT BY SYSTEMS
RURAL WATER SUPPLY PROGRAM

Spring

Time Period Piped Rain Wéter Protec— Artesian Hand
Systems Collecticas tions Wells Pumps

1969 - 1970 3 0 1 0 0
1970 - 1971 5 0 1 0 0
1971 - 1972 14 0 0 1 ' 0
1972 - 1973 35 0 7 0 0
1973 - 1974 51 0] 15 16 3
1974 - 1975 96 163 81 33 10,127
1975 - 1976 146 445 180 50 14,199
1976 - 1977 150 500 150 25 14,175
Total 500 1,108 435 125 38,504

SOURCE: Communication with Indonesian Ministry of Health, Directorate
General of Communicable Diseases, Directorate of Hygiene and Sanitation,
Jakarta, Indonesia.
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Fig. V.2. Administrative procedure for Indonesian Rural
Water Supply Project proposals.
DIRECTORATE
OF HS, CENTRAL |« }2 BAPPENAS o géﬁésﬁiﬁgs
GOVERNMENT '
A
A 15
Y
BOARD: BAPPENAS, BAPERDA,
13 17,19 MINISTRIES OF HEALTH, PUBLIC 18
WORKS, AND HOME AFFAIRS
y y
SUB-DIRECTORATE 12
OF HS, - o GOVERNOR
PROVINCIAL LEVEL
3
8 11,17,19 18
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14. The HS Directorate formulates a program and refers it to
the National Development Planning Board (BAPPENAS).

15. BAPPENAS discusses the program with a board consisting of
representatives of BAPPENAS, the Provincial Development
Planning Board (BAPERDA), and the Ministries of Health,
Public Works, and Home Affairs. This board determines a
ceiling budget to be provided for rural water supply pro-
jects.

16. BAPPENAS sends the final decision of the ceiling budget
to the HS Directorate through the Ministry of Health, and
to the Ministry of Home Affairs.

17. Based on the ceiling budget, the HS Directorate makes the
final decision about the projects which are found to be
urgent and notifies the HS Section at Kabupaten Level through
the HS Sub-Directorate.

18. At the same time, the Ministry of Home Affairs notifies the
Bupati through the Governor about the final decision on
the ceiling budget.

19. The HS Directorate sends standard designs of selected systems
to the Bupati through the HS Section.

20. The Bupati, as project manager, forms a tender committee
consisting of technical and administrative officials from
the Kabupaten Public Works, the HS Section, The HS Sub-
Directorate and, for systems using artesian wells, the
Directorate of Geology, and the Ministry of Mining. Based

a selected contractor and notifies the Camat and Lurah for
their support in implementing the projects.

There are two ministries that are responsible for the implementation
of the Indonesian Rural Water Supply Program: the Ministry of Health
through the Directorate of Hygiene and Sanitation, which is responsi-
ble for technical problems such as surveys, designs and supervision
of the construction as well as the operation and maintenance; and

the Ministry of Home Affairs through the Bupati, who is responsible
for administrative and financial problems such as the selection of
project localities and collection of funds from INPRES, province,

and local resources.
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Constraints. There are three major constraints in executing the
Indonesian Rural Water Supply Program, namely, money, time and man-
power. It was estimated in 1973 by the Project System Analysis Group
of WHO experts from taking samples in West Java Province, that based
on the water consumption rate of sixty liters per capita per day
with a public tap distribution system, average construction cost
would be U.S.$8 per capita, ranging from U.S5.33 to U.S5.$30 dependihg
on the type of system to be installed. This figure is more realistic
than the U.S.$4 assumed in the Second United Nations Development
Decade (12). Assuming that this figure does not change, the Indone-
sian Rural Water Supply Program, which is to serve a projected popula-
tion of about 131 million people by 1980, will need at least U.S.$1
billion. This is a substantial amount of money for the Indonesian
Government at present, because many other projects are being imple-
mented simultaneously under the Second Five-Year Development Plan.

The Indonesian Rural Water Supply Program consists of short-term
and long-term targets. The short-term target is to supply ten percent
of the Indonesian rural population, or about 13 million people, with
safe water systems by the end of the Second Five-Year Development
Plan, March 31, 1979 (6 ). The long-term target is to supply all of
the Indonesian rural population with safe water systems.

Concerning the short-term target, the Indonesian Government
would have to serve about 5.5 million people within two fiscal years,
1977-1978 and 1978-1979; this requires a total of about U.S.5$44 mil-
lion or U.S.$22 million each fiscal year, a difficult undertaking.
With regard to the long-term target, an investment of about U.S.$1

billion is needed. 1In the fiscal year 1976-1977, the Indonesian
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Government spent U.S.$14.88 million. Assuming that the Indonesian
Government will spend at least the same amount for each successive
year, it would take about seventy years to supply the projected
- rural population of 131 million with safe water systems; but during
this period of time, the population would at least double. There-
fore, it is difficult to predict how much time - would be needed to
implement the Indonesian Rural: Water Supply Program.

However, since the Indonesian Government is now running a
national development program across the country with emphasis on
rural areas, progress. in the economic growth of rural areas, as well
as in the nation, will enable the investment of a greater amount of
money in rural water supply projects. As village incomes increase
and a better level of education is attained, the villagers will per-
ceive the need for a safe water system, and they will contribute a
greater portion of the cost of installation of a safe water system-
or even finance such an installation themselves. Nevertheless, the
Indonesian Rural Water Supply Program will take some decades to:
complete.

The scope of the Indonesian: Rural Water Supply Program is
broad. It requires a lot of money and a large number of competent
personnel, appropriately organized for planning, design, execution,
supervision, operation, maintenance and the development of the rural
water supply systems.

In 1975 (10), at the Central Directorate of Hygiene and Sani-
tation, there were fifteen health controllers and thirteen. sanita-
rians. There is a sanitary engineer in each of the two Departments

of Communicable Diseases in  the Central and. East Java: Provinces.
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In all, thirty-two health controllers and fifty-four sanitarians

are engaged in rural water supply schemes in the twenty~six Provin-
cial Offices. For the 234 Kabupatens there are thirty-three health
controllers and 198 sanitarians in the Health Offices who are engaged
in rural water supply and sanitation programs. A staff of seventeen
health controllers, 169 sanitarians and 368 assistant sanitarians is
engaged in rural water supply and sanitation programs in some of the
3,138 Kecamatans.

These personnel figures are far below the needs of the water
supply program and most of the personnel do not have sufficient
background in engineering. A UNICEF/WHO Group (10) reported that the
absence of trained engineering staff at the natiomnal, provincial
and kabupaten levels is a serious drawback to the water supply pro-
gram. However, it must be kept in mind that at present, it is very
difficult to find an engineer who is willing to work on rural water
supply projects because the production of engineers by universities
in Indonesia, particularly sanitary engineers, is very low, while
the demand is high, especially from private firms which offer better
conditions and higher salaries.

On the other hand, there is not much interest in construction
of rural water supply projects by large and experienced contracting
firms because the expected profit is not attractive to them and
because some sub-projects are located in very remote areas, especially
projects using spring protections with piped system, and they are
quite difficult to reach. Therefore, only the small and unexperienced
contracting firms are willing to work on rural water supply projects;

consequently, the use of small contracting firms will require more
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qualified and experienced supervising teams, something which is very
difficult to find at this time.

Probably the best way to deal with this complex situation is
to install the simplest systems first, such as dug wells or tube
wells with handpumps, rainwater collection systems, and simple spring
protections without piped systems which do not require sophisticated
engineering designs, careful supervision or skilled operators; other-
wise, the program will never be implemented. This should be accom~
panied by an extensive training of engineering staff, supervising
‘teams, operation and maintenance personnel, as is presently being
conducted and planned by the Ministry of Health with the cooperation
and assistance of some engineering institutions and international

agencies such as WHO, UNICEF, UNDP and USAID.

LITERATURE REVIEW

Village Need, Village Potential and System Costs. A World

Bank Paper (12) discussed general criteria for selecting the indivi-
dual sub-projects to be executed first, based on village need,
village potential, and system costs, since it is impossible to make
rigorous cost/benefit analysis of the effects of village water

supply programs. Village need is broken down into three components:
village interest; adequacy of existing supply in terms of quantity,
convenience, reliability during drought, and quality; and prevalence
of waterborne diseases. Village Potential includes the growth poten-
tial of the community and village institutions. A lack of adequate
water supplies may prevent the development of the village's economic

potential, for example, markets, food or fish processing centers,
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and local health or education centers. The villages may also be
unable to obtain sufficient water for productive non-domestic use,

for example, agriculture, livestock, vegetable cultivation, prepara-
tion of produce for market, or cottage industries such as cloth
dyeing. With respect to village institutions, it was stated that
villages with strong, competent institutions and good educational
levels would be more able to participate in drawing up a program,

to collect water charges, and to find operating and maintenance staffs
from among the villagers than villages where such conditions do not
exist.

The objective of system costs is to ensure the least—cost means
of providing the required service. Factors affecting this objective
are: population distribution, the nature of the water source and
its accessibility. With respect to population distribution, it
was mentioned that other things being equal, the larger, more densely
populated villages will need lower investment costs per capita. One
system for a group of villages that are close together may be lower
in capital cost and more economical to operate and administer than
those for scattered villages. With respect to accessibility, it
was stated that a system for villages without good roads will be
difficult and expensive to construct and maintain.

Economics and Policy. Saunders and Warford ( 8) described

criteria based on economics and governmental policy which are nor-
mally used to determine investment priorities in rural water supplies
in less developed countries. This question was examined under the
following headings: Costs, Economies of Scale, and Service Quality;

Growth Point Strategies; Income Redistribution and "Worst First"

v
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Strategies; Financial Viability and Community Enthusiasm; and Maximum
Number Served per Fixed Resources. In practice, of course, political
considerations or response to the most vociferous demands for service
are often major determinants of who will receive water first.

Saunders and Warford assume that generally there are economigs
of large-scale production in the provision of water supplies. If
this assumption is valid and if the objective of the rural water supply
program is to serve the most people at the least cost, this criterion
would lead to construction of the water supply systems in the largest
villages first. Eligible villages could simply be ranked by popula-
tion size and then be provided with water supplies in turn as resources
become available. Regarding service quality, it was stated that two
of the more important factors are transmission costs and source works.
For example, distribution through public hydrants is more economical
than through house connections, and use of dug wells with handpumps
is more economical than river treatment facilities.

In considering growth point strategies, 1t was stated by Saunders
and Warford that economic growth and development does not take place
at the same rate in all localities; at any point in time, some areas
are growing rapidly, some areas are stagnant, and some others are
declining. One suggestion for helping the rural population is to
stem the out-flow of people in rural areas so that they can more
effectively compete with the better established urban areas. Once
a potential growth point has been selected, government investment
in educational facilities, roads, market places, and sanitary facili-
ties including water supplies is necessary. The objective of the

investment is to create centers which will hold populations and
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attract and hold economic activities. While a safe water supply may
be necessary for development, it is not sufficient in itself to induce
development. Therefore, if economic development is an objective,

then the limited water supply investment must be directed into
selected high potential areas or region with a relatively concen-—
trated population, and it should be accompanied by complementary
investment in other public services.

For income redistribution and "worst first" strategies it was
stated by Saunders and Warford that the goal of redistributing
income from higher to lower groups could also be a consideration
when selecting which villages should have a high priority for receiving
a water supply system. Any investment emphasis on rural areas
will on an overall basis result in a high to low income redistri—
bution since rural populations are generally poorer than urban pbpula—
tions and since the major portion of national revenue comes from the
higher income urban areas. 1In Thailand villages are ranked according
to their need for water and those villages with most need are given
the highest priority. At present, the Indonesian Rural Water Supply
Program (5) is close to this strategy since the highest priority
is given to "critical areas' where water is extremely difficult to find
and a high cholera incidence is present, although village contribu-
tions are expected.

In discussing financial viability and community enthusiasm, it
was stated by Saunders and Warford that a financial viability condi-
tion is probably not consistent with a worst-first strategy. On
the other hand, it could be consistent with a growth point or growth

area strategy, and if the national government partially subsidizes
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the program there would still be a redistribution of income in the
country. It is also frequently noted in rural water supply literature
that the probability of project failure is much greater in cases

where the recipient village is not outwardly enthusiastic about

the project. No matter how badly a village needs a better water
supply system, if the population does not perceive the need for or
value of the system, the usage rate will be low, system maintenance
and local administration will be inadequate, and vandalism could be

a problem.

Finally, it was stated that another strategy for selecting
villages would be to choose villages which can be served most econo-
mically. This would essentially be an attempt to serve the maximum
number of either villages or people with a given amount of financial
resources. The Pan American Health Organization (PAHO) formula which
will be discussed later in this chapter, has a selection bias which
fits well under this strategy. Generally, while there is nothing
wrong with a strategy of minimizing costs and maximizing the number
of localities served; many countries, given their objectives, would
probably be better off constraining such a strategy to include some
considerations of financialkviability, growth points and/or enthu-
siasm.

Criteria Adopted by Countries for Assigning Priorities. Pineo

and Subrahmanyam ( 2 ) presented seven criteria adopted by countries
for assigning priorities in providing new community water supplies.
Those are shown in Table V.6. Population was the most often mentioned
factor, followed by scarcity, development, health, social reasons,

community demand, and cost, in that order.
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TABLE V.6

FREQUENCY OF MENTION OF
CRITERIA ADOPTED BY COUNTRIES FOR ASSIGNING PRIORITY
IN PROVIDING NEW COMMUNITY WATER SUPPLY
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Africa
South of 9 10 4 9 6 3 2
the Sahara
Latin America
and the 2 11 3 6 6 4 8
Caribbean
West Asia
and Northeast 1 0 0 0 0 0 0
Africa
Algeria and
Morocco 8 4 6 3 4 1 4
Southeast
Asia 2 1 5 2 0 1 3
East Asia
and Western 1 4 3 3 2 0 1
Pacific
Total 23 30 21 23 18 9 18

SOURCE: Pineo, C. 8. and Subrahmanyam, D. V. Community Water Supply
and Excreta Disposal Situation in Developing Countries, A Commentary.
Offset publication no. 15. Geneva: World Health Organization, 1975.
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Priority Models. Linear programming ( 3), the pragmatic approach

{ 3), the PAHO formula ( 8), and the Reid and Biscenza Model (4) will
be discussed as approaches to priority modeling.

The linear programming approach was developed by the PSA Group
of WHO experts ( 3) in 1973 for assigning priority for the rural water
supply program in the West Java Province, Indonesia. In mathematical
terms, this formula is expressed as follows:

Maximize Ug.Pc.Wms,

subject to:

1. E(B) = p(fi)-FI + p(di)-DI

2. E(T)

1/n £ p(ta),-CC.
i=1.. o0

3. EM =pm)-Le + plmgy) Loy

be Wy # Wy
5. E(P) = i p(p)i-0OC
i=1,2,3
where: Uy = the fraction of the population covered with drinking

water of minimum standard, who utilize the water,

Pc = population coverage,

Wms = water of minimum standard quality for health care
(liters/capita/day),

E(B) = expected budget,

p(fi) = the probability of foreign investment,

FI = the level of foreign investment,

p(di) = the probability of domestic investment,

DI = the level of domestic investment,

E(T) = expected technology cost,

p(ta)i = the probability of the i-~th technological alterna-

tive based on the hydrological and hydrogeological
conditions in the area under consideration,
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CCi = the construction or capital costs for the i-th
' alternative,

n = number of technological alternatives,

E (M)

]

expected manpower availability cost,

p(m.) = the probability of manpower or availability of
manpower for construction,

p(mgp) = the probability of manpower for operation and
maintenance,

Lc = labor cost for construction,

Lom = labor cost for operation and maintenance,

Wy = water for drinking purposes,

wi = water for irrigation purposes,

E(P) = expected population, health, and socio-economic

development problems cost,
p(p)i = probability of population (i=1), health (i=2)
and socio-economic development (i=3) problems as
a result of a lack of safe water supply,
oC = the opportunity cost of these problems.
The pragmatic approach was also developed by the PSA Group (3)
as an alternative model for the linear programming approach which
was described above. The basic characteristic of this method is a
systematic integration of hydrological, hydrogeological, technologi-
cal, demographic, health and socio-economic information for the defi-
nition of a water supply problem and subsequent setting of objéctives
for a water supply action program. The quantification of most of the
above variables follows an iterative process consisting of the follow-
ing 12 steps:
1. Determine from a review of the water situation, hydrolo-
gical and hydrogeological information, and the technology
analysis, the technological alternatives for construction of

a new system and/or rehabilitation of the existing water
supply system per area.
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p—
(at)
.

1i.

Determine from a review of the manpower constraints, the
probability of community contribution for maintenance of
the water supply systems per area.

Rank order (as a result of steps 1 and 2) the areas on the
basis of highest alternatives for construction and/or rehabi-
litation and highest probability for maintenance of the
water supply systems.

Select relevant demographic dimensions, for instance, pro-
jected population and population density, for water supply
systems and indicate these demographic factors per area.

Rank order (as a result of step 4) the areas on the basis
of the highest demographic dimensions.

Select relevant health dimensions (for instance, incidence,
prevalence, and case fatality ratio) for selected health
problems which relate to water supplies. Indicate per area
the level of these health dimensions for the selected health
problems.

Rank order (as a result of step 6) the areas on the basis of
highest probability of health problems.

Determine from a review of on-going and planned socio-economic
development in the country, province or district, the growth
potential of selected socioc-economic sectors.

Rank order (on the basis of step 8) the areas on the basis
of lowest development potential.

On the basis of the rankings provided by steps 3, 5, 7 and
9, the areas can next be rank ordered such that the result
shows in descending order:

- the areas with lower technological alternatives for
construction and probability of maintenance of water
supply systems,

- the areas with lower probability of population problems
related to water supplies,

- the areas with lower probability of health problems
related to water supplies,

- the areas with lower probability of socio-economic
development potential.

From a review of the manpower and financial resources, an
attempt should be made to indicate the level of existing
available resources per area. In addition, a number of
alternative financing levels should be generated where
each alternative shows the level of foreign and domestic
investment for the water supply project.
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This step allows for objective setting within the range of
the remaining possibilities. This range has been narrowed
by step 1, the technological alternatives, and step 10

which integrated demographic, health and socio-economic
information for determination of priority areas. Given the
highest ranked priority area in step 10, an objective (in
terms of population coverage with water of minimum standard)
can be set by selecting among the technological alternatives
for this area (step 3) on the basis of maximum utilization
of existing manpower and local financial resources and mini-
um requirement for foreign investment (step 11). Next,
objectives can be set for the second, third, and the rest of
the priority areas. After setting objectives for all areas
on the basis of one combination of levels of foreign and
domestic investment, the process could be repeated for other
alternative combinations of investment levels.

The PAHO formula is called a priority index formula developed

(8 ) in Mexico and which is expressed in mathematical terms as follows:

where:

I

P
I =100 C A r k

= an index of project selection priority in which a
higher value of (I) indicates a higher priority
for early water supply system installation,

= the inverse of the cost per capita of the system,
excluding the distribution network costs (or cost
of public faucets); (C) is the total cost less house-
hold connections, if any, and (A) is the counter-
part contribution supplied by the community,

= an index of the physical availability of water
derived as a ratio between the existing water flow
at the point of capture and the requirement fore-
seen in the 20th year of operation of the system,

= an index of the concentration of houses in the
community to be served, measured as that proportion
of the total number located within fifty meters
of the proposed main conduit.

The Reid and Discenza model was intended to select the compatible

water and wastewater treatment processes ( 4 ); however, this model

is flexible and can be also used with a slight modification in raw

data inputs and data processing, for assigning priority for rural
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water supply and urban water supply as well. This model is discussed

in Chapter III.

METHODOLOGY

The priority models presented are not suitable for the Indone-
sian Rural Water Supply Program at the present time because of differ-—
ent strategies, rural conditions and characteristics, and the lack
of well-trained engineering personnel, especially at the Kabupaten
levels where the selection of the project localities is made. The
linear programming model is very sophisticated because every constraint
requires a separate analysis. It also requires that the personnel
involved have a background in economics, mathematical statistics,
demography and engineering. Such personnel, however, are not avail-
able at the Kabupaten level at this time. The pragmatic approach
requires the same background for its personnel as does the linear
programming approach, and there is no basic formula for ranking
every variable; it requires practical experience and to some extent
personal judgment. The priority index formula is much simpler and
more realistic than the previous two; every variable is easy to quan-
tify. It fits the strategies of Economies of Scale and Financial
Viability introduced by Saunders and Warford. However, this model
does not fit the Indonesian Rural Water Supply Program strategies
which are closer to Income Redistribution and '"Worst First' Strate-
gies. This model implies that the communities with the larger pop-
ulation, the higher viliage contributions, the higher house density
and abundance of water sources receive the safe water system first;

it reflects the "Best First" Strategies because, in general, a larger
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population indicates better economic development, better educational
levels and better sanitation conditions in the community. In other
words, this type of community does not need very much help. The
Reid and Discenza model is not suitable for the rural water supply
program in Indonesia at this time because some of the inputs of
socio-technological factors and indigenous resources are not yet
available in the rural areas in Indonesia. However, this model
inspired the author to develop a suitable model'for a priority setting
of the Indonesian Rural Water Supply Program. Although the model
developed in this study is different from the Reid and Discenza
model, the process of utilization is similar.

Model Development. The objective of this study is to develop

a priority model suitable for the Indonesian Rural Water Supply
Program at this time, taking into consideration the strategy of the
Indonesian Rural Water Supply Program, the Indonesian rural conditions
and characteristics, the qualifications of the personnel at the
Kabupaten Offices who are to use the proposed developed model, and
the practical experience of the author.

Based on the above criteria, the model developed in this study
will be very simple and unique as illustrated in Figure V.3. It

is a matrix system and in mathematical terms is expressed as follows:

10
PI,L = L Wi~Si.
J i=1 ]
where: PI = Priority Index
W = weight of each parameter
S = score of each parameter in each village
i = a subscript denoting the i-th parameter

j = a subscript denoting the j—th village.
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The villages represent matrix rows and the parameters represent
matrix columns. The entries consist of the product of weight times

score of each parameter, that is W -Si..

J

The parameters consist of the following ten elements: water-

i

borne diseases, difficulty in obtaining water, technological alter-
natives, population, village contribution, village potential, public
places, excreta disposal, road conditions, and power supply. Selec-
tion of the ten parameters was based on the strategy of the Indonesian
Rural Water Supply Program, their relevance to the program, suita-
bility to the Indonesian rural conditions and characteristics, and
feasibility in applying them to the data available. Six of these
ten parameters are the same as the criteria adopted by countries for
aséigning priority in providing new community water supplies presented
in Table IV.6. Following is a discussion of the relevance of each
parameter to the above mentioned criteria.
(Waterborne Diseases.) It was expressed in the INPRES Program
(5) that the provision of safe water systems per province was based
on the following considerations:
a. the incidence of cholera and other waterborne diseases
such as typhoid, trachoma, and gastroenteric and skin
diseases,
b. the areas which have difficulty in obtaining water,

c. the availability of Directorate of Hygiene and Sanitation
personnel,

d. the availability of data from presurveys.
Because water plays an important role in transmitting diseases, this
parameter should be given the highest weight.

(Difficulty in Obtaining Water.) This parameter was also men-

tioned in the INPRES Program as expressed above. During the dry
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season, in scme areas water is extremely difficult to obtain; the
villagers have to travel a few kilometers, and in some places more
than éeven kilometers, to get a bucket of water. Also, they must
often climb or descend to get to the water source.

(Technological Alternétives.) The type of water technology
to be installed will be based on the availability of water sources
and the capability of the community to operate and maintain the
systém. The concern of this parameter is to choose the simplest
and most economical systems, such as dug or tube wells with handpumps,
spring protection without piped systems, free—-flowing artesian wellé,
and if there is no other water source in the area, rainwater collec-—
tions.

(Population.) This parameter is associated with the economy
of the project as described by Saunders and Warford who assumed
that there are economies of large production scale in the provision
of water supplies. More important in this respect is whether the
population is nucleated or dispersed. In this model as in Table V.6,
population receives a high weight.

(Village Contributions.) This parameter reflects village
interest and involvement in the water supply program. The best evi-
dence of such interest is village willingness to contribute to con-
struction costs and to pay an adequate'fee for water use in order
to operdate and maintain the system that is to be installed. Village
contributions include monéy, labor and local materials. This para-
meter also reflects the sense of community responsibility for the

system,
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(Public Places.) Public places include health centers, schools,
markets, Desa institution buildings, and religious centers such as
mosques, churches, and temples. These public places play an impor-
tant role in spreading or controlling waterborne diseases, and
health centers and schools in particular play an important role in
teaching people about personal hygiene, grooming and how to appreciate
safe water systems.

The PSA Group (3) reported that men tend to get cholera first
and then transmit it to their families. The reason is that men
often travel to other villages to visit public places to do business,
while most women stay at home preparing meals and taking care of
their children. Therefore, in planning a rural water supply, public
places must be taken into consideration; for instance, public taps
(hydrants) should be located near public places, or preferably on the
grounds of public places.

In the event that there is not sufficient water to supply the
community, public places are served first in Indonesia, since these
places accommodate many people; this reflects the characteristics
of the Indonesian people who are cooperative and willing to work
together.

(Excreta Disposal Method.) To improve the public health
conditions in rural areas, along with the water supply program, the
Indonesian Government is also running a program to provide one latrine
for every house. 1If many houses in the community have latrines or
other sanitary excreta disposal facilities, it will reduce the number

of latrines to be built in the community, and the budget for latrines
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could be applied later to the water supply project. This will
increase the number of project localities.

(Road Conditions.) If there is an accessible road to the com-
munity, it will be helpful in the transportation of equipment and
materials during construction and later maintenance as well, parti-
cularly for systems using artesian wells and surface water treat-
ments, where construction requires drilling rigs, concrete mixers,
water pumps, pipes, and prefabricated steel water tanks. An accessi-
ble road, therefore, will reduce the construction cost and save time.

(Power Supply.) Some systems such as non-free flowing artesian
wells, surface water treatments and spring protections with low
elevation require motorized pumps; therefore, the availability of
electric power will be very helpful because it will reduce the costs
of operation and maintenance. An electric pump is easier to operate
and maintain than a diesel pump.

Weighting Process. The Delphi method is used in this study as

the weighting process. It has been developed extensively by 0laf
Helmer (1966) and others at the RAND Corporation (11). In this
method, experts form a panel and then deal with a specific question.
Rather than meeting physically to debate the question however, these
experts, the panel members, are kept apart so that their judgment
will not be influenced by social pressure or by other aspects of
small group behavior.

This method is applied in this study to determine the weight of
each of the ten parameters, based on their relevance and importance
in relation to the water supply program. A panel of twenty-eight

distinguished experts was formed; the experts were selected from
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various countries who are very much involved in rural water supply
programs. A questionnaire listing the ten parameters was sent and
each expert was requested his or her opinion on how to distribute

100 points among the ten parameters. Twenty-three completed ques-
tionnaires were received and summarized. A copy of the question-
naire distributed in included as Figure V.4. The average weight for
each parameter is summarized in Table V.7. The highest weight is
16.1 for Village Contributions. Three other parameters, Water-

borne Diseases, Difficulty in Obtaining Water and Technological
Alternatives, received high weights, 14.9, 14.4 and 13.9. respectively.
Population received only 11.5, just slightly above the mean value

of 10, and occupied the fifth rank. Village Potential received 9.0,
below the mean value, and occupied the sixth rank, and Public Places
received 6.9 and occupied the seventh rank. The three parameters
which received the lowest weights were Excreta Disposals, Power
Supply and Road Conditions receiving 5.4, 4.4 and 3.5, respectively.
Upon review of the results, no panel member disagreed with the
average weight distribution. Thus, it was concluded that the average

weight for each parameter was a reasonable figure to work with.

Data Collection. The data was obtained from the Directorate of

Hygiene and Sanitation, Directorate General of Communicable Diseases,
Ministry of Health, Jakarta, Indonesia, through the Phase I Survey

which covered about 21,000 villages. Copies pf Questionnaires A, B,

and C and of Questionnairé Part I are included in the appendix for
Chapter V. This data was collected using Questionnaire A, instead of
Questionnaire Part I which was used to develop the ten parameters as cri-
teria for assigning priority. Due to this change in the questionnaires,

information on some of the parameters was not made available. However,
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Fig. V.4. QUESTIONNAIRE FOR DETERMINING PARAMETER WEIGHTS

No Parameter Weight
1. Wa£erborne Diseases
2. Difficulty in Obtaining Water
3. Téchnological Alternatives
4. Population
5. Village Contributions
6. Village Potential
7. Public Places
8. Excreta Disposals
9. Réad Conditions
10. Power Supply
Total 100.00
Date
Name

Title




TABLE V.7

AVERAGE WEIGHT DISTRIBUTION OF THE TEN PARAMETERS

No. Parameter Average weight
1. Waterborne Diseases 14.9
2. Difficulty in Obtaining Water 14.4
3. Technological Alternatives 13.9
47 Population 11.5
5. Village Contributions 16.1
6. Village Potential 9.0
7. Public Places 6.9
8. Excreta Disposals 5.4
9. Road Conditions 3.5

10. Power Supply 4.4

Total 100.0
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discussions with health officials in Jakarta and Bandung concluded
that these ten parameters should be kept.

Data collection was conducted by sanitarians and assistant
sanitarians from the Kabupaten and Kecamatan Levels using Ques-
tionnaire A, one per village. The completed A Questionnaires were
gathered at the Kecamatan Office, where the data was then transferred
to B Questionnaires; this is called Tabulation at the Kecamatan
Level. The completed B Questionnaires were then sent to the Kabu-
paten Office and were transferred to C Questionnaires. This is called
Tabulation at the Kabupaten level. Finally, € Questionnaires were
sent to the Directorate of Hygiene and Sanitation (Central Govern-
ment). There only the C Questionnaires from the twenty-two surveyed
provinces were available at the Directorate of Hygiene and Sanita-
tion because the original data, A Questionnaires, were kept at the
Kecamatan Office, and B Questionnaires were kept‘at the Kabupaten
Office. Tabulation at Kabupaten Level, C Questionnaires, do not
contain detailed data for every village, but rather data and infor-
mation for the whole Kabupaten area; they cannot be used to establish
a priority based on individual villages. To establish a priority,
completed B Questionnaires should be used. (There were four Kabu-
patens who misunderstood the above procedure for handling data and
sent Questionnaires A, B and C to the Directorate of Hygiene and
Sanitation.)

Finally, to get the most representative data possible based
on the data available at the Directorate of Hygiene and Sanitation,
twenty-two C Questionnaires representing Twenty-two Kabupatens from

twenty-two Provinces were selected, and thirty-five B Questionnaires
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were also selected and obtained from the following Kabupatens: four
from North Maluku; fourteen from Tasikmalaya; eight from Cirebon;

and nine from Majalengka. For additional information, 134 A Ques-
tionnaires from Cirebon and Tasikmalaya Kabupatens were also selected
and obtained. The total data selected and brought back to Norman,
Oklahoma, consisted of 1,468 pages, and from this raw data the final
selection was made to meet the requirement of testing the model.

Scoring Process. The scoring process consisted of the cate-

gorization of the data and score assignment of each data category.
As indicated earlier, data for some parameters was not made available
through use of Questionnaires A, B, and C. In this case, categori-
zation was based on Questionnaire Part I which was used to develop
the ten parameters. Efforts were made in categorization to quantify
as many of the parameters as possible in order to facilitate appli-
cation to the model. The categorization of each parameter follows.

(Waterborne Diseases.) There are five diseases that are consid-
ered waterborne diseases in the survey data, namely, cholera, gastro-
enteric disease, typhoid, trachoma and skin disease. According to
Questionnaire A, these five diseases are categorized as follows:

a. Five diseases present.

b. Four diseases present.

c. Three diseases present.

d. Two diseases present.

e. One disease present.

f. Cholera present.

g. No disease present.
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(Difficulty in Obtaining Water.) This parameter is expressed

in the distance the villagers have to travel to a water source and

the distance they climb or descend to get to the water source.

This parameter is categorized as follows:

a.

b.

less than 200 meters away without climbing or descending,

between 200 and 1,000 meters away without climbing or
descending,

more than 1,000 meters away without climbing or descending,

less than 200 meters away with climbing or descending
less than 150 meters,

between 200 and 1,000 meters away with climbing or descending
less than 150 meters,

between 200 and 1,000 meters away with climbing or descending
150 meters or more,

more than 1,000 meters away with climbing or descending less
than 150 meters,

more than 1,000 meters away with climbing or descending 150
meters Or more.

(Technological Alternatives.) This parameter is categorized

as follows:

a.

rainwater collections,

dug wells or tube wells with handpumps,

spring protections without piped systems,

spring protections with piped systems by gravity,

spring protections with pump and piped systems,

free-flowing artesian wells without piped systems,
free-flowing artesian wells with piped systems,

non-free flowing artesian wells with pump and piped systems,

surface water (includes rivers, irrigation canals, lakes and
ponds) with piped systems by gravity and chlorination,
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j. surface water with piped systems, pump and chlorination,

k. surface water with complete treatment and piped systems.

(Population.) The data shows that the population varies
widely, from 100 to more than 36,000 people per village. However,
generally, the number of people in the villages within the same
Kecamatan do not vary very much; this will ensure a fair result in
population scoring because score assignment is made Kecamatan by
Kecamatan. Based on the wide range in population size, this para-
meter is categorized into six groups and each group is further
broken down into five sub-groups in accordance with the average
number of people per village within the Kecamatan, as presented in
Table V.8.

(Village Contributions.) This parameter can be quantified if
the village contributions are expressed in terms of the percentage
of the total construction cost and the amount for operation and
maintenance which the villages are willing to pay, whether this be
in the form of money, labor or local materials. However, the data
available gave only the villages willingness to contribute to the
construction and/or maintenance costs without further specification.
Based on this data, this parameter is categorized as follows:

a. willing to contribute to the construction and maintenance
costs,

b. willing to contribute to the construction cost only,
c. willing to contribute to the maintenance cost only,

d. not willing to contribute at all.

(Village Potential.) This parameter includes the elements

of economic growth potential and manpower. It is better to express
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the economic growth potential in terms of income per family, but this
is difficult to assess because incomes are not stable and do not come
from merely one source for most villagers, since the majority of the
villagers are farmers. During farming season the villagers work on
their farms, but off-season they find other jobs in such areas as
construction, public transportation, trade, handcrafts, and fishing.
Therefore, it is better to express village economic growth potential
in terms of land use, mineral resources, industrial development, and
number of infrastructures and utilities as was done by the PSA Group
(3) in 1973 for the West Java Province Rural Water Supply Program.
The following factors were used:

a. agricultural land used as rice field,

b. agricultural land used as dry farming,

c. agricultural land used as fish ponds,

d. planned industrial development,

e. high growth induétry,

f. medium growth industry,

g. mineral resources such as oil, coal, tin, bauxite, manganese,
gold, copper, nickel, sulphur, and lime,

h. Central Government and/or Provincial roads,
i. Kecamatan road infrastructures,

j. electricity distribution and/or potential for distribution
such as proximity to tension lines,

k. an urban center in the Kecamatan or in its neighborhood.
Manpower is categorized as follows:

a. engineers,

b. bachelor engineers,

c. health controllers,
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d. technicians,

e. sanitarians,

f. assistant sanitarians.

(Public Places.) This parameter is quantifiable, so categoriza-
tion is not necessary because scoring merely follows the number of
éublic places such as the number of health centers, schools, markets,
mosques, churches and temples that exist in each village.

(Excreta Disposal.) This parameter is expressed in terms of
the percentage of houses in each village using sanitary excreta
disposal methods such as septic tanks, latrines, and fish ponds.
Since this parameter is quantifiable, categorization is not necessary.

(Road Conditions.) This parameter is expressed in terms of
accessibility to carriers and capacities. The categorization is as
follows:

a. accessible to trucks,

b. accessible to light trucks,

¢. accessible to carts pulled by horses, cows, and water
buffaloes,

d. accessible to two-wheeled vehicles.
(Power Supply.) This parameter is categorized on the capacity

of the power output available expressed in terms of kilowatts,

as follows:
a. up to 1.5 kilowatts,
b. 1.5 to 3 kilowatts,
c. 3 to 5 kilowatts,
d. more than 5 kilowatts.
The following paragraphs discuss the process of score assignment

for each parameter. Scoring (estiblishment of Sij values) is somewhat
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arbitrary. The score values will range from O to 15 using only
round numbers.

(Waterborne Diseases.) The score for each category is merely
the sum of the scores of the diseases represented in each category
for a particular case. For the five diseases considered as water-
borne, the scoring values are based on how dangerous each disease
is and the role of water in transmitting those diseases. For the
scoring values used for each disease, see Table V.9.

(Difficulty in Obtaining Water.,) The scores range from 1 for
the smallest distance without c¢limbing or descending to 10 for the
farthest distance with the greatest amount of climbing or descending,
as presented in Table V.10.

(Technological Alternatives.) The scores range from 1 for the
most complicated to 10 for the simplest systems as shown in Table V.11.

(Population.) The scores range from 1 for the smallest number
of people to 10 for the largest number of people in each village as
shown in Table V.12,

(Village Contributions.) The scores range from 0 for villages
which are not willing to contribute to the construction or mainte-
nance costs to 10 for villages which are willing to contribute to
the construction and maintenance costs. See Table V.13.

(Village Potential.) Categorization was not necessary because
score values were simply assigned for each of the relevant factors
which can exist in a village. The total score is the sum of the score
values for all the factors present in the community. The values

are presented in Table V.14.
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TABLE V.9

SCORE ASSIGNMENT FOR
WATERBORNE DISEASES

Disease Score
Cholera 5
Gastroenteric disease 4
Typhoid 3
Trachoma 2
Skin disease 1
No disease 0

TABLE V.10

SCORE ASSIGNMENT FOR DIFFICULTY IN
OBTAINING WATER

Category Score Category ' Score
a 1 e 6
b 2 f 8
c 4 g 8
d 4 h 10
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TABLE V.11

SCORE ASSIGNMENT FOR TECHNOLOGICAL

ALTERNATIVES
Category Score Category Score
a 10 £ 6
b 10 g 4
c 8 h 3
d 7 i 3
e 5 j 1
k 0
TABLE V.12

SCORE ASSIGNMENT FOR POPULATION

Population Sub-Group
Category

1 3 4 5
a 1 3 4 5
b 2 4 5 6
c 3 5 6 7
d 4 6 7 8
e 5 7 8 9
f 6 8 9 10
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TABLE V.13

SCORE ASSIGNMENT FOR VILLAGE

CONTRIBUTIONS
Category Score
a 10
b 5
c 5
d 0
TABLE V.14

SCORE ASSIGNMENT FOR VILLAGE POTENTIAL

Factor Score Factor Score
a 2 g 4
b 1 h 1
c 2 i 1
d 3 3 1
e 7 k 2
£ 4
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(Public Places.) The score value given each public place is
based on the quantity and frequency of water use and its role in
transmitting or controlling the waterborne diseases; these values
range from 1 to 5 as shown in Table V.15. The total score is derived
from knowing the total number of public places in a community.

(Excreta Disposals.) The score is based on the percentage
of houses using sanitary excreta disposal methods and ranges from 1
for ten percent to 10 for 100 percent, as is shown in Table V.16.

(Road Conditions.) The scores range from 1 for accessibility
to two-wheeled vehicles to 5 for accessibility to trucks as shown in
Table V.17. 1In some areas in Kalimantan and Sumatra, transportation
consists of boats, speed boats and canoes. In this case, a boat is
equivalent to a truck, a speed boat to a light truck and a canoe to
a cart.

(Power Supply.) The scores are based on power supply capacity
and range from 1 for the lowest capacity to 4 for the highest capa-

city as is shown in Table V.18.

TEST OF THE MODEL

Introduction. The data obtained from the Indonesian Government

was processed to demonstrate the utilization of the model. This will
provide guidelines for the planners who are involved in the Indonesian
Rural Water Supply Program at the kabupaten level by giving them
an example of practical use.

The priority setting chosen was the kabupaten level because
the project manager of the rural water supply projects is the Bupati.

INPRES funds and funds from local communities come to the Bupati



220

TABLE V.15

SCORE ASSIGNMENT FOR
PUBLIC PLACES

. Public Places Score
School 5
Health center 4
Market ' 3
Mosque 3
Church 2
Temple 1
TABLE V.16

SCORE ASSIGNMENT FOR EXCRETA DISPGSAL

Houses Using Sanitary Houses Using Sanitary
Excreta Disposal Score Excreta Disposal Score
Facilities (Percent) : Facilities (Percent)
Up to 10 1 51 to 60 6
" 11 to 20 2 61 to 70 7
21 to 30 3 71 to 80 8
31 to 40 4 81 to 90 9
41 to 50 5 91 to 100 10




TABLE V.17

SCORE ASSIGNMENT FOR
ROAD CONDITIONS

Category Score
a 5
b 3
c 2
d 1
TABLE V.18

SCORE ASSIGNMENT FOR
POWER SUPPLY

Category Score
a 1
b 2
c 3

221
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account. Additional data and information, if desirable, is easily
obtained at the kabupaten office. The Bupati knows much more about
the rural conditions and characteristics in his area than do the
officials from the Directorate of Hygiene and Sanitation.

To perform the test, selection was made of six B Questionnaires
representing six Kecamatans from four Kabupatens. Additional informa-
tion, when necessary, might be obtained from the available A and
C Questionnaires. The six Kecamatan included Ibu and Jailolo Keca-
matans from the North Maluku Kabupaten, Maluku Province; Kadipaten
Kecamatan from the Majalengka Kabupaten, West Java Province; South
Cirebon Kecamatan from the Cirebon Kabupaten, West Java Province;
Manonjaya and Tasikmalaya Kecamatans from the Tasikmalaya Kabupaten,
West Java Province.

Score Processing. The example of only one of the six Kecamatans

is presented here. The data from the Ibu Kecamatan will be categorized
and scored for each parameter. The IBU Kecamatan, located in the
North Maluku Kabupaten, Méluku Province, is an area which has the
lowest average population per village in Indonesia, that is, 336
people per village. The actual number of people per village ranges
from 111 to 1,158 people. The total population of the Kecamatan
is 10,070 which is dispersed among thirty villages within the Kecama-
tan area. One more interesting point is that no waterborne disease
is present in this Kecamatan.

(Waterborne Diseases.) Data concerning waterborne diseases can
be seen in Table B.8 of Questionnaire B. Since there is no water-
borne disease indicated, all villages in this Kecamatan belong to

category (g) with a score of 0.
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(Difficulty in Obtaining Water.) Table B.3.2, Questionnaire B,
indicates that the villagers in this Kecamatan take water from wells,
springs, rivers or irrigation canals. Table B.6 indicates that the
villagers have to travel from less than 200 to more than 1,000 meters
to get to the water sources, while Table B.7 indicates that the
villagers from some villages do not have to climb or descend and that
others have to climb or descend from less than 150 to more than 150
meters. Tﬁus the Ibu Kecamatan contains within it villages which fall
into most of the categories of this parameter, as is shown in Table V.19.

(Technological Alternatives.) For this parameter the planner
must consider Tables B.4, B.5, B.6, B.7, B.8 and B.9, Questionnaire B,
to decide the best possible alternatives for each village. For
villages numbered 17 and 19, the best possible alternatives are dug
or tube wells with handpumps (category b), because groundwater is
available all year round in those two villages and it is of a good
quality with a water depth less than fifteen meters and can be drawn
out by deep-handpumps. Spring protections without piped.systems
(category c) should be used for villages numbered 1, 5, 13, 15, 16,
27, 28, 29 and 30 because there are located within 200 meters of
these communities springs which never dry. Spring protections with
piped gravity systems (category d) should be used for villages num-
bered 2, 3 and 26 because there are springs which never dry located
within a distance from the communities of between 200 to 1,000 meters
or more than 1,000 meters and at an elevation higher than that of
the communities. Surface water with piped systems and chlorination
(category i) should be used for villages numbered 4, 6 - 12, 14, 18,

and 20 - 25 because only surface water from rivers or irrigation
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TABLE V.19

CATEGORY AND SCORE FOR DIFFICULTY IN OBTAINING WATER
IN THE IBU KECAMATAN

Category

No. Village Score
1. Podal a 1
2. Tengwango e 6
3. Togowo e 6
4. Duno e 6
5. Tokowoko a 1
6. Goin a 1
7. Sangaji Nyeku a 1
8. Sangaji Adu a 1
9. Toguis f 8

10. Togoreba Sungi a 1

11. Borona a 1

12. Todake b 2

13. Sirimahu e 6

14. Pasalulu a 1

15. Togoreba f 8

i6. Tobaol a 1

17. Tongutette a 1

18. Gam Lamo a 1

19. Gam Ici a 1

20. Tongute Sungu d 4

21. Akesibu h 10

22. Tongute Goin a 1

23. Maritango a 1

24, Rei Ici h 10

25. Naga e 6

26. Tosoa Togower f 8

27. Tababal a 1

28. Baru a 1

29. Aduu d 4

30. Ngawet Nanas Jere d 4




225

canals is available during the dry season in those sixteen villages
and because the water quality is good that is, it is clear and not
salty. The scores for this parameter are presented in Table V.20.

(Population.) The number of people per village within the Ibu
Kecamatan is obtained from Table B.2, Questionnaire B. The average
number of people per village is 336; therefore, this Kecamatan belongs
to category (a) with the scores ranging from 1 to 5, as presented in
Table V.21.

(Village Contributions.) The data for this parameter is obtained
from Table B.10, Questionnaire B. All villages in the Ibu Kecamatan
are willing to contribute to the construction costs and the villages
numbered 1 to 16 are also willing to contribute to the maintenance
costs. Thus, the sixteen villages numbered 1 to 16 belong to category
(a) with a score of 10, and the fourteen villages numbered 17 to 30
belong to category (b) with a score of 5.

(Village Potential.) There is no data available for this impor-
tant parameter due to the questionnaire change.

(Public Places.) There is no data for this parameter.

(Excreta Disposal.) The data for this parameter would ordinarily
be obtained from Table B.16, Questionnaire B, and Table A.13, Ques-
tionnaire A. However, these two tables were left blank by the surveyor.

(Road Conditions.) There is no data for this parameter due to
the questionnaire change.

(Power Supply.) There is no data for this last parameter due
to the questionnaire change also.

Priority Computation. The priority indices were then determined

for the villages. The products of wisij was determined and the value
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TABLE V.20

CATEGORY AND SCORE FOR TECHNOLOGICAL ALTERNATIVES

IN THE IBU KECAMATAN

No. Village Category Score
1. Podal c 8
2. Tengwango d 7
3. Togowo d 7
4. Duno i 3
5. Tckowoko c 8
6. Goin i 3
7. Sangaji Nyeku i 3
8. Sangaji Adu i 3
9. Toguis v i 3

10. Togoreba Sungi i 3

11. Borona i 3

12. Todake i 3

13. Sirimahu c 8

14. Pasalulu i 3

15. Togoreba c 8

16. Tcbacol c 8

17. Tongutette b 10

18. Gam Lamo i 3

19. Gam Ici b 10

20. Tongute Sungi i 3

21. Akesibu i 3

22. Tongute Goin i 3

23. Maritango i 3

24, Kie Ici i 3

25. Naga i 3

26. Tosoa Togower d 7

27. Tababal c 8

28. Baru c 8

29. Aduu c 8

30. Ngawet Nanas Jere c 8




TABLE V.21

CATEGORY AND SCORE FOR POPULATION

IN THE IBU KECAMATAN
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No Village Population Category Score
1. Podal 413 a.3 3
2. Tengwango 184 a.2 2
3. Togowo 244 a.2 2
4. Duno 424 a.3 3
5. Tokowoko 139 a.l 1
6. Goin 244 a.2 2
7. Sangaji Nyeku 157 a.2 2
8. Sangaji Adu 111 a.l 1
9. Toguis 117 a.l 1

10. Togoreba Sungi 243 a.2 2

11. Borona 170 a.2 2

12. Todake 167 a.2 2

13. Sirimahu 190 a.2 2

14. Paslulu 523 a.3 3

15. Togoreba 339 a.3 3

16. Tobaol 287 a.3 3

17. Tongutette 749 a.4 4

18. Gam Lamo 304 a.3 3

19. Gam Ici 647 a.4 4

20. Tongute Sungi 503 a.4 4

21. Akesibu 261 a.3 3

22, Tongute Goin 463 a.3 3

23, Maritango 267 a.3 3

24, Kie Ici 456 a.3 3

25, Naga 171 a.2 2

26. Tosoa Togower 241 a.2 2

27. Tobabal 198 a.2 2

28. Baru 1,158 a.5 5

29, Aduu 202 a.2 2

30. Ngawet Nanas Jere 497 a.3 3

Total

10,070
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of PI is the summation of Wisij' The values of Wisij and PI for the

Ibu Kecamatan are summarized in Table V.22.

Discussion of Results. The higher the PI value the higher the

priority of the village to receive the safe water system first. Two
of the five parameters'used, Waterborne Diseases and Village Contri-
butions, did not have much affect on the priority index (PI) values
because most of the villages within the same Kecamatan had the

same scores for these two parameters. : Since no specifics were given
for the waterborne diseases as to the number of cases or the year

in which the diseases had occurred, this parameter may have introduced
bias into the results, while the willingness of the villages to con-
t