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CHAPTER I
INTRODUCTION .

Not enough can be said about the impact of economic growth
and its effects. It is inevitable that people will move to
the places where employment exists. Too often, these employment
centers are not prepared to receive new workers and their
families with adequate housing and the amenities which are
required for decent living conditions. Throughout the world,
especially in the developing nations, squatter settlements are
springing up in urban areas where industry is on the rise.
While these settlements are characterized mainly by high levels
of density, which are constantly rising, they also are becoming
permanent fixtures. They start with make-shift housing, and
at best, jerry-built water and sewer systems. They are not
good places to live, but quite frequently they manage to
improve because of the initiative of the residents and
organized assistance from goveranment and industry.

The majority of planners in developing countries, as well as
many international agencies working with them, are ineclined to
consider economic growth of primary importance. Often they fail
to consider the impact this growth has on human regquirements,
not do they make provision for it. The needs of the people,
which should be met in relative proportion to economic growth,
too often receive lower planning priorities. This is
especially so in housing structures, water, sewage, and road
systems. )

A study of the need for basic utilities in developing countries
cannot produce definite conclusions adaptable to every case in
various parts of the world. However, it can bring into focus
many factors whose understanding will improve and facilitate
the planning and construction of such prejects.

While basic utilities in the developing countries contrast
drastically with those in industrialized nations, there is
gimilarity in their origins. Only time and the wherewithal make
the difference., Most settlements in the industrialized countries
started without plans for water, sewer, and road systems. The
lack of basic utilities--sanitary water supplies and adequate
sewage disposal systems--caused major health hazards and economic
constraints. Major plagues took untold numbers of lives and
isolated city from city and country from country. These
cataclysms occurred with regularity until the importance of
basic utilities in terms of health and sanitation was understood
and implemented. With improved health standards, people
flourished and so did economic development,



Today, for example, in some countries of South and Central
America,; the death rate from enteric diseases is still higher
than 200 per 100,000 population--and rates double that are
not uncommon, Human suffering aside, the economic burden of
an unhealthy community goes a long way toward nullifying ‘the
gains of economic growth. Economic benefits, which should
uplift the lives of people, are dissipated by the less positive,
but necessatry, aspects of relieving human suffering.

The term basic utilities* conjurs up different images in
people's minds., To the engineer or planner basic utilities could
mean a well~designed sites and services area which includes
a road network, electrical service, piped water, and a piped sewag
disposal system., To the inhabitant of a squatter settlement
basie utilities may mean pumping water by hand from a community
well and carrying it home in buckets,.

The character and quality of a basic utilities system can
range from a relatively complex system to a primitive arrangement,.
The primitive method is on the low end of the convenience scale,
but if it provides the only feasible sanitary water supply, it
is adequate until something better comes along. Ideally,
a well-designed sites and services area assures achievement
of sanitation and convenience. Unfortunately, the means to
-achieve what is generally considered to be the minimum requirement
is often beyond the means of some developing nations. Fortunately
there are compromises to this discouraging situation which permit
planners either to establish or upgrade water supplies and
sewage disposal systems within the means at hand. There are
relatively simple methods and approaches that can raise the
sanitary environment of people. Also, there are systematic
approaches, which if applied over periods of time, can raise
the level of consumer convenience. However, the immediate
objective of a basic utilities system is to satisfy elemental
human needs and minimum health requirements.

# The use of electricity as part of the basic utilities sytem
is not discussed, for obvious reasons. Experience shows
that while the residents of squatter settlements may lack
financial and technical competence in building adequate water
and sewer systems, they display-ingenuity and exXpertise in
providing themselves with electrical power, if there is a
nearby source. A classic example is the Che Guevara settlement
near Santiago, Chile (HUD International BRIEF # 12, "Housing
and Urbanism in Marxist Chile," U.S. Government Printing
Office, Washington, D.C. 20402, price 15¢).



In selecting a basic utilities system several factors must
be considered:

@ Minimum needs of the consumers in terms of sanitation
and convenience,.

¢ Availability of physical resources to obtain potable water
and to dispose of sewage. '

¢ Methods of transporting water to users and to dispose of
sewage,

¢ Roads.

e The financial feasibility, materials availability, and
manpower requirements to develop a basic utilities system;
how these requirements can be meft, including self-help
capabilities.

Providing Water tc a Community

Population densities, lay-out patterns in communities, the
amount and location of water resources, and the means of
distribution are the focal points of any basic utilities
system,

While the community water-well and the public fountain are
time~honored fixtures in many small communities, they can be
health hazards if inadequate sewage disposal is allowed to
contaminate them. It is incumbent upon planners and managers
when relying on these types of water sources, to insure that
sanitary sewage disposal is practiced.

Where water is in short supply, it may be trucked into a
community and stored either in the transporting vehicle or
transferred to a regiular storage tank which must be covered
to prevent the possibility of contamination. The cost of
transporting water and the limited amount available make
.conservation necessary. Spring-loaded faucets, which
automatically close when pressure is released from the handle,
can control wastage.

In areas of adequate rainfall, water resources can be
supplemented by collecticn of rainwater intoc tanks or cisterns.
Protection from contamination, and a means of distribution
must also be considered., A source of spring water above ground
water contamination can be dammed and piped into a small
community, The use of river and stream water is questionable
unless it is filtered and purified.



If an adequate and potable water supply is within a reasonable
distance of a community, it may be piped in. If financially
feasible, it may be piped directly to individual houses, or to
outside faucets placed at intervals to serve a group of houses.
Pipes may be laid above the groumnd, although it is preferable
to bury them., While this method is more costly to install,
it is a necessity in climates where freezing conditions arise.

Where households are directly served by water lines, single
-or multiple faucets may be used, depending on the economic
resources of the community. Single taps are more economical
both from an installatiomn investment and where the water supply
is limited. Direct service lines provide the last means to
control water sanitation from its source to the user. Also,

it eliminates many man-hours of labor in carrying water by hand.

Water sources need to be sufficient to provide a continuous
supply to the community. Disruptive service creates hoarding
and promotes excessive use of water. Intermittent supply may
also create negative pipeline pressure which could result
in possible pollution because of backing up.

All of these supply methods offer the planner a means to
provide the basic utility--water--in a manner compatible
with the needs and capabilities of a community. Very often
the most simple system is all that a small community may be
able to afford--or may desire. Most likely, such methods may
provide the only means available until more efficient systems
can be developed.

The Sewage Disposal System

Water and sewer systems go hand. in hand, but they must be

isolated from each other. Sewage 1s dangerous because 1t is
the breeding place of bacteria and viruses that threaten human
life. More often, adeqguate disposal of sewage is more

difficult and expensive than obtaining a water system,

Sewage disposal in less densely populated communities is
relatively simple and iInexpensive. Septic tanks can be used
if the soil is porous enough to allow infiltration. Simple
privies also may be used; however, in either case they must
be so constructed that sewage does not seep into the water
system and cause dangerous contamination. Sewage, particularly
human waste, may be collected and transported to disposal areas
where it is stored and treated by natural aerobic action and
converted into fertilizer, Lo
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In large, densely populated areas there can be little
compromise in selecting and building an adequate sewage disposal
system if health standards are to be maintained. An adequate
disposal system consists of sealed sewer lines that eliminate
seepage and move the sewage away from the community. It has
been the custom to discharge this waste conveniently into large
bodies of water such as lakes, rivers, or the sea. But the
adverse envivonmental effects of this handling are proving
disastrous and must be avoided. -

Sewage lagoons and treatment plants are the best answer to
this problem. They are expensive to construct and maintainj
however, solid wastes can be removed from sewage and the water
treated to the point where it can be returned safely to rivers
and streams., The solid waste material from the sewage can be
used as fertilizer, or compressed and dried and used as fuel.

Thg Road’Sysfem

Road systems neither contribute nor detract from the health
aspects of a community as do water and sewer complexes.
However, they are closely related to ecomomic growth because
they are the avenues by which people go to and from work,
travel to market centers, and visit friends.

Left to natural means roads tend to grow by a haphazard
process starting with a well-worn path that is the shortest
distance between several points, Sdéme of the oldest and
largest cities of the world have winding street systems
that began in just this manner. Unfortunately, the press of
population growth and modern forms of transportation have
turned some "of these streets into frequent and monumental
traffic jams. As urban areas in less developed countries
grow, the same phenomenon is already apparent, ‘The curzent
world-wide energy crisis may have a dampening effect on this
problem and it may be useful to planners to consider this
factor when deliberating road systems for their communities.

Paved roads or walkway systems serve a useful purpose,
if nothing more than to reduce mud during wet weather, and
dust when it is dry. If communities are beyond reascnable
walking distance to places of employment, bus transportation
may be needed to serve the community. This would require
a road of sufficient strength to support a heavy vehicle.

It is almost axiomatic that as economic affluence progresses
so does the demand for more sophisticated forms of transportation.
These days, humans are content to walk until they can afford ’
bicycles. Graduation to the motor sScooter is the next step
with the private automobile as the ultimate goal,
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While low-cost road construction is practical to meet the
immediate demands of a community, planners should take the
long view by providing for road widths and rights-of-way for
future expansion. The likelihood of this contingency is not
only possible, but highly probable. Road foundations are
another consideration. TIf heavy vehicle traffic is
anticipated, feasibility studies will be needed to determine
materials for construction, topography, the ground water line,
drainage, and other conditions. Otherwise, oil-treated or
cement-treated pavement will serve adequately over a long
period of time where traffic flow is light,

Planning and Managing Basic Utilities

Planning, designing, construction, and managing basic
utilities systems requires a systematized and centralized
approach, Whether this is done at the highest government level,
or performed by the local government, is a matter of preference.
However, in terms of financing, standardization of systems
and materials (for reasons of economy), education and
training programs (to provide necessary working skills), and
effective enforcement procedures (to maintain health standards),
the resources of the highest level of government are needed.

Financing 1s necessary to one degree or another in all
phases -of providing basie utilities systems. Ordinarily,
the planning, designing, and overseeing of such projects would,
be the function of central government and the cost would be
absorbed as a regular function of government., The purchase
of materials and the hiring of labor for construction most
likely would be supported by central goverment through grants
or loans, or a combination of both. Much of the labor cost
could be reduced through the institution of self-help programs.
It would not be unreasonable to expect the beneficiaries of
these basic utilities to contribute their labor in lieu of
taxation or other chdrges for the systems. Thils presumes
that recipients of such systems (on a self-help basis) woild
be on the low end of the income scale and have no other
financial means to support such a program.

In the case of self-help programs, considerable organizational
effort would be needed to train attd direct the skills needed
during construction. Again, the support of central government
would be needed to oversee the effort. )

General management activities, beyond actual project control,

extend well into the community. The question arises as to
the funding of continuing operational expenses of utilities
systems. Who pays to keep the service going? Repairmen must

be trained to service the systemn,



|
The manufacture of equipment for construction and repair
must be provided. Public education will be necessary to
generate interest and participation in the planning, maintenance,
and management of public utilities. TFor in general, the

greater the participation of the community in these affairs,
the greater will be the success of the projects.



CHAPTER II
THE SYSTEMATIC APPROACH TO BASIC UTILITIES

Planning and constructing water systems, sewers, and roads,
for new and existing communities involves a number of diverse
factors such as:

e¢ Size of the community.

o Density of the population

e Topographice variations.

o Climatic conditions.

e Water supply sources.

e Means of sewage disposal and treatment.

e The need for roads.

e Availability of local construction materials.

e Manpower.

e Educational level of the people in terms of providing
technical skills.

. ® Finances and fundidg (loans, grants, or other sources.

As the number of these factors increases, decisions based
on them become more complex. Effective decision making can
be achieved through a systematic approach of analysis and
action.” This might be called systems analysis or the
systems qpproach; however, what is presented here is far
more simplistic than a true systems appreoach, although
some of its elements are used.



Systematic Analysis

In a broad sense, systematic analysis is the assemblage and
orderly arrangement of all the known facts of a given situation
(or project). It is necessary to understand that all
recognizable operations must be defined completely and
accurately because of the interrelationships® of one activity
with ancother.

For basic rules apply to a systematic approach to problem
solving:

Identify and recognize all relevant factors of the problem.

Define the logic of their interrelationships to be able
to perform an analysis,

Assign realistic decision values to all defined factors.

Optimize the results with respect to a defined factor
for best results.

When these general rules are understood the analysis task
can proceed under a more rigid format, ©Six major steps are
involved, which, if adhered to, will minim%ze omissions
and errors during the analysis process.

Objectives {(What is needed?).

Elements (0f what is it composed?).

Resources (What is availabie?).

Constraints (What stands in the way of fulfillment?).
Management {(How will it be operated and maintained?).

Evaluation (A decision based on the above).

-

Discussion of the four basic rules and six steps might best
be illustrated with a "case study" of an idealized, hypothetical
situation: : '

* For example, a water system must have a means of disposal for
waste water, ergo, its interrelationship with a sewage system.
However, an even finer distinection is the capacity of a water
system in relation to the capacity of sewer system. Correct
analysis and evaluation of the interrelationship is that the
capacity of the sewer must be equal to the maximum output of
the water supply to be effective.

9



A light-industry complex, with a capaeity of 1,000 semi-
skilled and unskilled jobs, was established on the outskirts
of a medium-sized city in a small country. Most of the
semi-skilled jobs were filled by residents of the city, who
had relatively good educational opportunities and could
learn complex tasks rapidly. The majority of the 1,000
jobs were in unskilled categories, low-paying, and least
desired by the city dwellers.

By word of mouth, or direet recruiting, laborers were drawn
from agricultural districts where employment was limited and
available jobs paid less than induystrial work. Housing in
the city was limited and the growing number of in-migrating
workers, many with families, soon outstripped all housing
resources. An unused tract of land, adjacent to the
industrial complex, was soon taken over by squatters. The
first arrivals were people who worked at the complex. Quite
rapidly a squatter settlement developed and the population
burgeoned beyond the employment needs of the industrial
complex.

The squatter population, which was of self-sufficient
peasant stock, construeted a well-organized housing
environment, with a series of wells for water, and eleciric
pover pirvated from the industrial complex. Unfortunately,
the squatters, who had no experience with high-denstty
living, overlooked the hazards of poor sewage disposal and
soon their welle became contaminated. Serioug enteric
diseases broke out, resulting in several infant deaths and
debilitating illness among many of the adults. The sickness
rose to near-epidemic proportions and alarmed officials of
the industrial complex, primarily because of work loss, and
they called in public health officials.*

* Having recognized this potential hazard, the Venezuelan
government is concerned with improving its barrios by
bringing in water, sewer, and rcad systems., This is a
difficult operation because almost all barrics are built
on steep slopes and construction of paved tToads 1s usually
impossible. Steps made of reinforced concrete are solving
the problem. At present, the occupants of barrios hand~-
carry water from scattered wells or public fountains.

They use pit privies located near their homes. Water must
be pumped to storage tanks at high locations and the

main distribution pipes are being laid. The squatters

are encouraged, through available loans, to make
connectlons to the water and sewer connections, Each home
wi1ll, under this program, have a single tap of water
supply. Sewers operate with gravity flow and discharge

to the river and then to the sea.
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Public health officials were reluctant to move because of a
government policy which opposed "invader”" or squatter
settlements. The problem was passed to the central government
which was equally apathetic, although it took actions with
threats of eviection and reseitlement and a small show of
police power to intimidate the squattérs. Militants among
the squatters organiaed a series of loud demonstrations that
were supported-by the rest of the squatters.** A local
newspaper whieh was lukewarm to the government saw an
opportunity to embarrass it and conducted an investigation of
conditions in the settlement, It was revealed, with blaring
headlines, that the health hazard was communicable and
threatened to extend beyond the squatter settlement. Public
indignation rose and the settlement's health problem became
a citywide controversy. Public offieials in the city became
alarmed at the growing number of protests, particularly since
this was an election year. Because the city administration
was of the same political party as the administration of the
central govermment, it had little difficulty in persuading
1t to reverse its stance. The aetion was also supported by
the industrial complex, a heavy party contributor, which
reacted to pressures from major stockholders upset at its
loss of productivity. This turn of events spurred the central
government intd priority action through its agencies responsible
for public health and housing.

A public health task force from the central government moved
into the settlement to assist local officials solve immediate
problems and undertake long range measures. Part of the
task force was a specialist from the housing ageney, who
acted as an observer. Preliminary evaluation revealed three
alternatives: water must be boiled before drinking; fresh
water must be brought in by tankers; or a means must be found
to purify the well water as it is pumped from the ground.

The first alternative was impractical because fuel or
electriecal heating units to boil the water were limited.

*%* Comas, on the outskirts of Lima, Peru, was a gquatter
settlement 10 years ago. The people who settled Comas
organized themselves and persuaded the central government
to give high priority for the urbanization of their
community, Today it is one of the better settlements in
the area.
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Hater tankers were in short supply and could deliver less
than minimum needs; however, they were employed as a
stop-gap. A priority eall was placed through central
government to the military whieh had a number of rubberized
water tanks equipped with gasoline powered pumps and
ehlorination units. These were delivered within a few
days, with one field unit set up at each well head. The
problem was solved--temporarily.*

The Four Basie Rules

It is obvious that the temporary solution given in the
hypothesis requires a permanent solution in wvery short
order.

The relevant factors are:

l. The settlement was permanent and the population density
was rising.

2. External sources of water, or the means to bring it
into the settlement, were not available,.

3. The only source of water was frqh the polluted wells.

4, Filtration and chlorination were the only satisfactory
ways the water could be treated,

5. The immediate necessity of a sewapge disposal system
did not arise within the context of the hypothesis;
however, it was implicit.

The interrelationship of factors 2 and 3 is an either/or
situation, with but one obvious choice, There were no
external sources of water, so the polluted well water must
be used. Filtration and chlorination (factor &4) of the
polluted well watex were necessary because of the lack of
a sewage disposal system (factor 5), and this was made
imperative because of factor 1. The settlement was there
to stay and the problem was growing with the rising
population.

* The main source of water in Lima, Peru, is the Rimac
River. Even though there are water treatment plants,
the government urges the population to boil the water before
drinking. There are a limited number of deep wells which
are used in times of drought. Main water lines are
concrete; however, more plastic pipe is used to connect
houses to the water mains. There are no sewage treatment
plants in Lima, and all sewers end in the Pacific Ocean.
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Realistic decision values can be assigned only to factors
1,3, and 4. A decision value on factor 5 is ‘secondary in
this context, although under most other circumstances it
would have equal priority. More simply stated, decistion
values are arrived at by a process of elimination.

"A permanent solution to the water supply problem through
filtration and chlorination was possible without immediate
action on sewage contamination because proper purification
‘cancelled out its polluting effects, This is mnot to say
.that adequate sewage disposal was not necessary, but only a
matter of phasing in relation to the time-frame of the
immediate problem. At this point, a factor was defined which
would produce the best results.

The four basic¢ rules, demonstrated above, can be expressed
in a simple equation:

Relevant factors + Interrelationships + Decision values =
Best results

While it may appear that simple logic has solved a difficult
problem, what really has been achieved is merely a direction
to follow, Many pitfalls are ahead and each must be bypassed
with refined analysis and evaluation before final action can
be taken.

Task Analysis--the Six Major Steps

Objectives (What was needed?)

The objectives of a project depend om the various factors
associated with it and are derived from analysis and evaluation
conducted under the four basicec rules. . In other words, the
objectives are already established when task amalysis begins.
Within the context of the hypothesis the objectives are
apparent:

Construction of a permanent filtration and chlorination
system of sufficient capacity to serve the needs of the squatter
settlement. :

Elements (Of what was it composed?)

The elements which make a water supply system operational
must be defined. Each element can be considered an independent,
small sub-system of the system. Each is a discrete activity
with minimum interaction among the others, The elements to be
considered are: .

13



. Site-investigation.

¢ Land procurement.

¢ Land surveying.

¢ Location of water supply source.

e Type of storage facilities,.

. Pump—stations.

e Water treatment facilities,

e Excavation, backfill, and eompaction.

e Pipe system, connection boxes, and connection lines to
polnts of use. -

@ Installation of meters (if appropriate).

Based on consideration of sub-system requirements, the broad
elements of a water supply system emerges:

A cast concrete or lined cement block water storage tank,
with cover, consisting of sufficient distribution pipes
and taps, electric or gasoline powered pumps (s), and a
filtration/ehlorination system. The storage tank to be
located in a cleared area at the highest point of the settlement
gnd provided with a specially drilled well. Distribution
pipes buried underground to lead to points coineiding with
the existing wells which will be sea%;d.

Resources (What was available?)

The resources of a system are the objective and subjective
forces which allow the activity te function and must be
properly channeled to the right locations at the correct
times:

¢ Financing.

¢ Technical assistance (information, research, and design).

e DManpower,

14



Financing

The housing agency of the central government was able to
provide a grant for the cost of materials and equipment for
the water supply system.*® However, national law limited the
making of public works grants only to recognized local government
entities. Sinece the squatter settlement was just outside the
city limits, administering of the grant was the responsibility
of the district government. The district government deelined
the grant on grounds that it did not have sufficient
personnel to administer it. The city government was prevailed
upon to annex the squatter settlement, which it agreed to do
provided the industrial complex was included in the
annexation. The industrial complex refused because it would
have come under the city govermment's property tax system which
was greater than the distriet govermment's. Threatened by a
lowering of its own tax base, the district government sided
with the industrial complex. The city government, its
appetite whetted by the prospect of an improved taxz base and
future tax schemes, persisted imn the annexation bid. The
sttuation was on the verge of becoming a public squabble when
an officital of the industrial complex quietly pointed out to
the eity fathers that annexation would also include the
welfare problems of the squatter setilement. In a reverse
action, the same official pointed out to the distriet
government that the squatter land was legally unclaimed,
that improvement would raise its taxable value as unimproved
land and that the squatters could be taxed for living there.
The distriet government relented, immediately annexed the
land and accepted the grant. The eiity withdrew its bid.

¥ Bagic utilities for small towns Iin Columbla are under the
control of the Instituto Fomento Munieipal. Urbanization
and housing planning and production are generally controlled
and financed by the Instituto de (Credito Territorial and
the Banco {entro Hipotecario. The Instituto de (Credito
Territorial (INSCREDIAL) was created in 1939 as a
decentralized autonomous organization, supported by the
Ministry of Economic Development., TINSCREDIAL is
responsible for all low-income housing planning, as well
as urbanization of communities. It provides all new )
developments with water, sewer, and road systems, using

the sites and services concept, A progressive corganization,
INSCREDIAL follows a systematilec approach in planning aill
new communities, 1Its analysis and design teams include

not only architects and engineers, but experts from many
disciplines such as economics, material science, sociology,
education, and health.
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The ‘housing agency of the central govermment could also

make long-term, low-interest loans to private industry to
financee labor costs involved in the construction of industry-
oriented housing and basic utiliiies. However, in the

case of squatter- settlements, the eentral government also

had the option to require that self-help labor be used when
possible, and that the loan funds be used primarily for
supervisory or technical employees. Well aware. that the
industrial complex did not own the land, the government
proposed a scheme whereby the complex would accept
responsibility for the loan, provide supervisory and technical
personnel, and receive a subsidy for their services. ZThe
complex would benefit because many of these personnel

were underemployed in their jobs, but because of their
qualifications and scarce skills had to be ecarried at full
wages. The complex was skeptical because it was a short-
range solution. Although it would benefit immediately and

in the future with a more stable work force, the cost of

the loan repayment agnd interest outweighed the advantages.
Seeing an opportunity to turn the proposal to further
advantage, the complex suggesied that it be given title

to the land so that it could charge the squatters rent which
would amortize the loan and meet interest payments. When this
proposal was passed on to the district government, rejection
was vehement. The central government suggested that the
industrial complex also eould aet as the tax collector and
could save.the district govermment the administirative expenses.
This was accepted by all parties. As word of this proposal
filtered down to the squatters, general dissatisfaction was
voiced, although squatters employed by the industrial complex
were more amenable to it. Militants among the other

squatters violently opposed the measure, citing the high
incidence of unemployment within their group, and inability

to pay. To couniter the opposition, the governmeni proposed
that it arrange to have the payments of those on welfare
increased to mateh the rental cosi, i1f those of the group who
vere gainfully employed outside the industrial complex accepted
the rent proposal. The opposition ceased and the loan went
through.

Technical Acssistance

The housing agency of central government was able to
furnish engineering specialists to design and oversee placement
and installation of the water supply system. Job foremen
and building trade specialists were provided by the industrial
ecomplex which paid them from funds derived from the labor
construction lLoan.

16



Materials and Equipment

As part of ite operation, the industrial complex ran a
small cement block casting plant and a pipe fabrication shop.
It provided the cement blocks and mortar materials, as well
as threaded pipe, connectors, and faueets, all at cost., One
of the larger filtration/chlorination units provided by
the military during -the emergency period broke down and it
proved cheaper to be replaced than repaired. This item was
declared as surplus and unuseable property and turned over for
use in the squatter settlement's water system. Employees in
the industrial complex's pipe shop, who lived in the squatiter
settlement, fabricated replacement parts and redesigned it
to handle a larger capacity so that it would meet the full
needs of the water system.

Manpower

With all skilled labor requirements paid for under the
labor construction loan, -it was necessary to obtain manual
laborers from the squatter settlement on a voluntary, self-
help basis. A squabble soon developed among the squatters
as to who should provide the labor. THe employed squatters
claimed exemption because they would be paying for the water
system from their own labor, while the squatters on welfare
would be subsidized. The central government stepped in as
arbiter and ruled that able-bodied squatters recetvzng
welfare would perform the labor. .

Constraints (What stood in the way of fulfillment?)

In the preceding step, "Resources," the narrative disclosed

some of the constraints that were encountered in the
hypothesis, and what actions were taken to counter them.
There are six areas of constraint which- should be included
in making any analysis and evaluation:

e Natural.

¢ Economic.

¢ Technological,

¢ Legal.

¢ Social {(health and welfare).

o Political.
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THE COMSTRAINTS MATRI[X

Area of

Constraint The Constraint Problem The Alternative

NATURAL Land located at the highest point in the Disassemble the houses to make the space
squatter settlement where the water system | and move them to another location within
tank must be located <s already occupied the settlement for reassembly,
by several houses.

. The squatters refuse to move because the Adjacent space is available within the
location of their houses offers living confines of the industrial complex, and
advantages they do not want to sacrifice. is used for the water storage tank.

ECONOMI C Publie heglth aquthorities determine that Earlier legislation provided the central

‘water potable.

the polluted levels of the water supply
are so high that a correspondingly high
level of chlorine is mandatory to make the
The chemicql 18 a eritical
supply item in the country’s economy and
its ecost and availability threaiens
viability of the water system.

government with priority and price control
of chlorine supplies. Under public health
legislétion, it was authorized to subsi-
dize, wholly or in part, costs of the
chemical in situations where the public
health and welfare was involved.

The alternative used under the Technolo-
gical constraint (below) was invoked.

TECHNOLOGICAL

Filtration/chlorination systems are not
manufactured in the country and must be
imported. Because of the country's
precaricus balance of payments stituation,
such importation must be limited to
emergency use. This is also complicated
by the critical supply of chlorine.

Use of the treatment system is abandoned
in favor of deep drilling of a well below
the subsurface contaminated water supply.
The additional cost of drilling is offset
by equipment and materials savings over
the treatment system.
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Area of
Constraint

The Constraint Froblem

The Alternative

LEGAL Ounership of the land is contested by Claimants refuse the proposal and
private parties who see an opportunity persist in their claim.
to exploit the situation for personal
gain.
The claim is tenuous, but of suffieient The central government suggests that
validity to threaten drawn-out legal the claimants may be held legally and
action. The eentral govermment agrees financially responsible for past and
to honor the claim provided the claimants future problems in the settlement.
accept the labor loan, rental, and tax Alsc, there is vague mention about back
responstibilities. ‘ taxes. The claim is withdrawn,
SOCIAL In addition to contaminating the subsurface| A temporary sewage lagoon is built on
(health and water supply, sewdge overflow 1s discharg- | the low side of the settlement to catch
weltare) ing tnto a small stiream which provides the sewage overflow. It is so constructed
the water supply for a emall lake in a that evaporation and aerobic action limits
park which is loecated within the adjacent ground contamination until a permanent
eity. The pollution threatens the syster can be planned and built.
witldlife of the lake and also creates .
a human health hazard.
POLITICAL Local leaders of the opposition party The central government invokes its option

see an opportunity to embarrass the
central government when the issue of

- self-help labor arises in constructing

the water system. It agitates among
the welfare recipients arguing that the
free’ labor aspect is diseriminatory and
tantamount to slavery.

to provide supplemental wages for self-
help labor to the welfare recipients.

It increases the size of its loan to the
industrial complex to cover this
contingency.
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Since the sclutions to the constraints offered in the
hypothesis are more than likely over-simplifications, it should
be pointed out that the constraints may be equally over-—
simplified. It is more than probable that the constraints
analysis will cause more difficulty than any other phase of
the systematic approach and that more time will be spent
resolving them than in any other analytic action. For
example, a matrix is provided to show some of the other
constraints that could possibly have arisen within the context
of the hypothesis, These are presented in the order of the
six areas of constraint listed above. While altermative
solutions are presented with each of the comstraints, it
must be remembered that in a true-to-life situation an entirely
different set of constraints could arise, each requiring an
entirely different set of alternatives.

Management (How was it operated and maintained?)

The assignment, or delegation of management responsibility,
begins well before the task analysis is undertaken. Usually,
this is a group or committee action, frequently ad hoe in
nature, which takes over until proper management can be
established. Management is involved in all activities and
methods to be used in planning, designing, constructing,
and operating a project once it is completed. Two of the most
important aspects of management are the establishment of
priorities and eoordination of activities; the objective being
to obtain the most economical and effiecient use of resources
within the schedules set for the project. The aspects of
manggement are obvious in the ‘context of the hypothesis and
the first five steps of the task analysis. However, manage-
ment responsibility is a series of stratified actions dependent
upon who and what entities have the authority, or obligation to
that role. For example, within the range of the hypothesis,
the central, district, and municipal governments entered into
decision-making that had affect upon the problem of the
squatter settlement. Likewise, the industrial complex, a
political group =and the squatters voiced opinions and took
actions that contributed to or detracted from successful
completion of the project. In general, management responsi-
bility belonged in part to the cemtral government and in
part to the industrial complex, because both entities were
capable of acting on decisions or providing resources that were
vital to the project. To complete the hypothesis, and to
demonstrate how management requirements extend beyond com-
pletion of the actual project, post-completion of the waterxr
supply system is described.



It developed that deep drilling of-a new well below the
poliuted subsurface water table eliminated the need for «
filtration/ehlorination system. District public health
authorities had the responsibility of periodically checking
the potability of the water supply. Maintenance of water
supply system was limited to equipment cheeks and vepairs.
Since this was a part-time requirement, responsibility was
assumed by the industrial complezx, which turned the job over
to tts pipe fabrication shop as a permanent duty.

Evaluation of the Task Analysis

Within the context of the hypothesis, it is evident that
in analyzing and evaluating all of its factors, actual ’
construction of the water supply system was the least
problematic. Ordinarily, a systematic approach would limit
itself to the immediate problems of providing a basic
utilityr such as cost, physical and material resources,
logistics, and manpower needs, This assumes, of course,
that all of the necessary activities and constraints outside
the engineering aspects of the project are solved beforehand.

As is evident in the hypothesis, construction of the water
supply systen was an afterthought that came to light as the
result of an emergency situation. All of the problems
(and their ramifications) of the squatter settlement were
case-hardened by the time the emergency arose, It is
entirely possible that one or more unsolvable constraints
could have brought the task analysis to a negative conclusion.
For example,  if the industrial complex, for one reason or
another, did not want the squatter land, the central
government would have been.unable, or unwilling, to provide
anything more than emergency assistance. Ultimately, the
squatter settlement would have had to be cleared to remove
the health ‘hazard. The only alternative would have been to
provide a sites and services area to accommodate the squatters.
In the process of this analysis and evaluation, that
possibility would have, or should have -been considered, This
returns to the premise that eonstraints, rather than resources,
often dietate the outcome in decision-making. .

While this case study concerns itself only with. a water
supply system, it is obvious that a drainage and sewer
system is imperative. A systematic approach in evaluating
this circumstance would lead to this conclusion., The
question would arise as to whether the emergency nature of
the crisis precludes this consideration. The evaluation
work would have been done and 1t would be little more
difficult to tack on two critical elements. It would be
just as easy to negotliate and fund the entire package, as
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it 'would only one part. Certainly, the full package would
be easier to justify under emergency conditions than to
face apathy or outright rejection later when the heat is
off.
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CHAPTER IIIX

‘DESIGN AND CONSTRUCTION OF BASIC UTILITIES

The range of problems that can arise in the development
of basic utilities, and the decisions that have to be made
to solve them, extend well beyond the specifics of
logistics and hardware. However, if the planner is to
succeed in his analysis and evaluation he must be as familiar
with the basics of hydraulic mechanics as he would be, say,
with the possible intentions of a politcal action group
involved in the decision-making process.

Since analysis and evaluation of theée factors involved in
developing a basic utilities system covers many distciplines
(legal, health, social, economic, and engineering) it is
reasonable to expect only that the.planner understand the
basics of each discipline. Input from technical assistance
resources can be used to assist the planner when a problem
goes beyond his technical competence. For that reason,
the technical aspects of the design and construction of
basic utilities covered in thig chapter are limited to that
scope,

The three basic utilities are water supply, sewage disposal,
and roads, with their priority in that order. Their
interrelationship is apparent and while it is possible to
develop each as an independent entity, it is not desirable
to do so. Exceptions-are permissible in emergency situations,
such as described in the hypothesis; howewver, in that
example, many negative factors already existed which tended
to impede successful completion of enly cone phase of a project
which should have included at least two, or possibly three
phases (water, sewers, and roads)., This brings to.
importance the value of the sits and services approach when
considering basic utilities.




THE "SITES AND SERVICES'" CONCEPT*

Urbanization of undeveloped land is the basis of sites
and services, generally initiated and funded (through
grants and loans) by appropriate agencies of central
government.

Under this program, the land is purchased and subdivided
into plots of various sizes. Access roads are built and -
water and sewer systems installed prior to the construction
of housing.

Various levels of services can be generated by the approach
to coincide with economic conditions:

¢ Streets may be unpaved and commen water taps and
latrines service a number of plots.

¢ Streets may or may not be paved; each plot served by
a water tap and its own latrine, septic tank, or

sewver connection (or a small outbuilding containing
sanitary core facilities),

‘e Each plot fully serviced with a partly finished house.

The sites and services concept has several advantages
because:

e It is adaptable to a national level development program.
¢ It can be controllied by an administrative body.

¢ Total funding can be scheduled for a large community
since it is least expensive for long-term financing.

* Kennedy, a low- and medium-income housing development in
Bogota, Columbia was planned for 300,000 people and began
construction in 1962, It has schoels and shopping and
recreational areas, and is connected to downtown Bogota by
public transportation systems. The area was urbanized by the
government before construction of dwelling units. Roads were
paved with asphalt and sidewalks serve both sides of the
streets, Each house is connected to a water and sewer system.
Locally available concrete and brick were used as construction
materials. Manpower was hired from the area, and self-help
activities were encouraged.
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¢ It is economical since infrastructures are placed

during urbanization and conflicts with construction
of superstructures are avoided.

¢ Every nmew community will have adequate water, sewer,
and reads systems.

¢ The sanitary core building, which includes bathroom,
and kitchen, is usually built on site. The owner
is encouraged to add other rooms at his own expense
in keeping with his economic situation.

THE WATER SUPPLY SYSTEM

Water is the most criticidl need, outside the air that is
breathed and the food that is eaten. The industrialized
nations have already learned that rising populations and a
growing technology demand greater and greater quantities
of potable water. This is equally apparent in the 1less

developed countries as areas become urbanized and health
problems are magnified.

Lakes and rivers provide the largest portion of the world
water supply. Very often, in many places wells are the
only source of water. Rainwater is collected and stored in
some countries, while in a few seawater is desalinated
for human consumption.

"Water Sources

Determination of current and future water supply needs of
a neighborhood are related to various factors.

e Quality and quantity of sources of water.
® Topography of the region.

¢ Climate of the area.
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e Physical condition of the existing system.

e Pressure expected in the water lines {(ewven though
higher pressures are desirable, they often cause
leaks in the system}.

@ Economic status and standards of the population to
be served.

o Control of water distribution by measuring devices
(meters).

¢ Cost to the consumer,

There are major variations in the quantity of water
consumption with respect to the time of the day .as well as
the month of the year, depending upon the:

® Degree of dndustrialization of the population.

e Life-pattern of the population.

. Seasonal changes in the climate.

# Fire demand.

In urban centers, two different sources of water may be
used; one to supply potable water for domestic use,
non-purified water for industrial and fire protection
purposes. Water for laundry and toilets may come from
untreated sources. This is acceptable where potable water is

in short supply and a second water distribution system is
econcomical.
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WATER SOURCES -- SPRINGS

A concrefe retaining box
can be built over a vein of
spring water in This manner.
Runoff water may be
collected in buckets, or
piped To houses.

The same may be done with a
rock spring; however, the
rate of flow of the water
may hot be sufficient for
pipe service To houses.

The necessity to handcarry
water would provide fhe
water disfribution discipline
needed To insure that users
get equitable supplies.

27

A spring leading into a marshy
area may be used as a water
source. A diversion ditch is
cut across the vein of water
below the boftom path. A
perforated pipe is laid in

the ditch, covered with aravel,
and a plastic barrier is
installed to retain the water.
Perforated plastic pipe may be
used in place of terra-cotta

pipe.
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Development of a spring in a deep rock formation requires a more
sophisticated arrangement. Proper protection to avoid poliution
of the water is essential. -
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WATER SOURCES -- WELLS

When older wells become contaminated
it is best fo abandon them, or to-drill
through the confining layer into tThe
aqueous rock. The bottom of the old
well should then be sealed off s0 as

not to contaminate The wafter further

down. - ]
Driven wells may be the quickest and 52&%%@F’1?§33
cheapest way to gef water In coarse f:.;ﬁv’é%q?'

. ..'br"\-’.‘.'r AL l({

sand or gravel formations. Threaded G 2N TR
steel pipe, attached to a perforated
steel driving nose, can be pounded
info the ground with hand labor.
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WATER SOURCES -- WELLS
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A handpump may be instalied to
facilitate drawing water, or an

Where the water fable is relatively

-¢close to the surface, a common well

electric pump may be used fo supply

a tank or standpipe from which pipes
may fead to houses o provide service.
Wells should be covered for sanitary

and safety reasons. Weil water may
be contaminated from surface sewage

and freaiment rethods should be
considered when relying on this
method of water supply.
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may be dug 1o provide water. A
scatfold and pulley are convenient
1o lower and raise the bucket.

The well sides may be constructed
of wood, brick, or masonry fo
prevent cave-ins.

A A ey
o




Water Quality Standards

Whatever the source of water, if it is to be used for
human consumption, 1t should have two qualities:

[

Safe for use because it is free of pathogenic
microorganisms, such as viruses, bacteria, and
protozoa and poisonous substances, organic matter
and excessive minerals. ’

Free of unpleasant tastes, odors, and colors, and
turbidity and excess temperature.

Often water supplies must be treated to obtain the
proper standards of quality and safety. Mechanical and
chemical methods are used in treatment and described in
the accompanying illustration.

o
R,

e N e e e e

Ground water is found in twe layers, the subsurface
water table and deeper in aquified rock. The

layers are usually separated by a confining layer.
The subsurface water may be subject to contamination
from surface sewage, while aquified rock water
remains pure. Wells should be dug or drilled past
the surface water and into the aqueous rock,

insuring there is no seepage between the two. .



WATER SOURCES -- SANITATION AND PURIFICATION :

The location of a privy adjacent to a water well
is not recommended because of the high probability
of contfamination, unless The well is drilled well
below ground water level and is properly sealed.

Contaminated water should never be
used for human consumption. If

it is high in particulate matter

it may be filtered in a barrel

which has layers of gravel, sand,

and charcoal as shown here.

However, bacterial and viral
contaminants will remain in The
water. The water should be boiled
or chlorinated for drinking purposes.
{T the water comes from roof
drainoff, or similar collection :
sources, it most likely will not

be contaminated by other than

particulate matter. When filtered,

it most likely is safe to drink.
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A combined water filtration and storage system may be constructed of
brick, concrete block, or poured concrete. The water source could be
from a drilled well, spring, or rainwater runoff. This system is
predicated on a potable water source where there may he some particulate
matter which must be removed. A more sophisticated version of This
system would include a chlorination capability. It could be chlorinated
with chiorine tablets or powder to cortrol bacteria and viral organisins.
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WATER TREATMENT
(Unit Operations snd Processes)

CHEMICAL FEED

For coagulation, softening,
control of taste & odor

-4; Pap!

li(]

0

|| —

RAW WATER FUMP AERATION CHLORINATICN ===JL===

Contains Liffs " Helps remove Kills bacteria;
turbidity, water gases such as oxidizes taste
bacteria, GO & odorous & odor

color, HoS5; helps

taste & odor, oxidize iron :

hardness, ' & manganese COAGULATION

o

iron & manganese
Rapid and slow mix of
chemicals neutralizes
electric charges oh the
colloidal pa ticles causing
turbidity, groups Them into
larger easier settling
agqglomerates (floc)
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SEDIMENTATION

Allows floc to settle,
removing turbidity,
bacteria, color, some
jaste and odor, hardness

WATER TREATMENT (Cont'd)
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POST CHLORINATION

RAPID SAND FILTRATION

Pol ishes water by
removing excess floc.
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CLEARWELL PUMP

Stores Moves water
treated into disiri-
water bution system



Water Distribution Systems

A water distribution system can range from the most
primitive {(buckets, roof catchment, barrels, and water
tank trucks) to a reservoir with service piped directly
to the consumer's house. Three major factors must be
considered when designing a water distribution system,
based on whether it is to be a new or improved complex:

o A master plan (which considers the size and character
of the area to be served; population size and habits
of the people to be served; economic structure--
industrial or agricultural; location and number of
schools and hospitals; projection of future needs).

o Knowledge of the mechanics of the system (age and
condition of pipes and corrosion and failure
probabilities).

e Improvement plan of the system (economic justifications
and financial resources:; technical feasibility studies;
political preferences and pressures).

In planning water supply design and construction these
points should be considered: . )

¢ Preparation of a detailed map of the area to be
supplied, indicatimg all relevant factors such as
orlgins of supply, so0il conditions, frost line, fire
hazards, slopes, earthquake zZones.

e Drawing of existing and proposed water lines in the
community; marking main lines, cross-overs, and
interconnections.

@ Estimation of the demand by the public at various

sections of the community water system by the rule of
thumb or using statistical data as available.
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Standpipes are elevated reservoirs which are useful to generate pressure
for the distribution of water. It is a good idea to select a hill as the
location for the standpipe to obtain the necessary pressure for distri--
bution. Basic factors to be considered in the planning of a standpipe are:

® Economical size.

‘ R
o Determination of stresses.
- - ' - ==
e Stability of the structure.
e Strength of the foundatioms. 4%__

® Wind pressure. [:>

| m'nnnn

¢ Selection of the diameter of the pipes according to the formula,

D=2\ Q/TV
where V = veloeity (3 to 5 feet per second (.9 to 1.5 meters

per second)
. D = diameter of the pipe, feet (meters)

Q = rate of flow, feet {(meters) per second

The rate of flow, Q, through an opening is expressed by:

Q=K. A v 2gh

0
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where KO= coefficient of discharge

g = acceleration due to gravity
h = head at center of opening
A = area of opening

This design procedure will develop a self-cleaning f£low
through the pipes and computations of pressure at warious
locations in the system. The design should also provide
for: :

¢ Locating valves, service pipes, and hydrants according
to local needs and preferably in areas of easy
accessibility,

¢ Easy access for quick and effective maintenance
operaticens. This can be accomplished by including
sufficient service pipes and equipment necessary to
make the repairs,.

There are three distribution layout systems to choose
from: gridiron, tree, and circle. Design of a water supply
system must consider the following:

¢ The best distribution system is the gridiron or closed
loop system where each point is served at least by two
pipes from different directions.

o. Dead-end systems are more susceptible to low pressures
and may cause dangerous back siphonage from soil and
plumbing inteo the water lines.

¢ There must be no cross connections between water and
sewage because of pollution hazards.

¢ Pressures should never be below 20 pounds per square
ineh (9 kilograms per 6.4 square centimeters) at any
time in the gystem; 40-50 (18 to 23 kilograms) psi
should be considered normal for most systems, and
75 (34 kilograms) psi should be considered in buildings
over three stories.

Valves should be located no farther than 800 feet (240

meters) apart on long lines, and in cities close enough

so that only a few blocks would be out of water at any

time. It is considered poor design and potentially

dangerous to health where a major part of a city could
.be put out of water due to a break,
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Flow design should be based on the maximum day's flow
plus fire demand or the maximum hour's flow, whichever
is the largest.

In small cities almost all water is used during a

12 hour period; the maximum hourly rate will be
approximately twice the maximum daily rate, and the
maximum daily rate is 1 1/2 to 2 times the average
annual rate. 1In small villages, these peak flows may
be even larger; in this case, the maximum hour may

be 9 to 10 times the average daily flow rate for

the village.

Transporting water from its source to the point of
consumption usually uses pipe, or similar conveyors, such as:

Aquaducts (used since ancient times, they are common
to some mountainous regiomns).

Asbestos cement pipe - sizes from 4 inches to 36 inches
(10 to 90 centimeters in diameter), maximum pressure
200 pounds per square inch (90 kilograms per 6.4 square

centimeters) (Advantages: corrosion resistance, light
weight, low maintenance; good flow characteristics due
to small friction factor. Disadvantages: low flex

strength which causes failure under beam action due

to differential settlement and excessive load, hard

to use with a regular tapping machine, difficult to
locate once burdied.) Caution: Current medical

opinion in the United States suspects asbestos fibers
may nave carcinogenic (cancer-producing) characteristics
and recommends against use as a conveyor of water

for human consumpiion.

Cast iron pipe--sizes from 4 inches to 48 inches (10 to
120 centimeters in diameter), maximum pressure 350
pounds per square inch (150 kilograms per 6.4 square
centimeters) (Advantages: durable, high flex

strength, large carrying capacity, easy to tap,
Disadvantages: sgcubject to heavy corrosion).

Concrete pipe - sizes 12 inches to 168 inches (30 to
410 centimeters in diameter), maximum pressure 250
pounds per square inch (115 kilograms per 6.4 square
centimeters (Advantages: durable, good corrosion
resistance, low maintenance, Disadvantages: may
deteriorate in certain soils, heavy, hard to tap).

Steel pipe - size 4 inches to 120 inches (10 to 305
centimeters in diameter), (Advantages: lightweight,
flexible in moving soil. Disadvantages: (subject to
exterior corrosion, hard to tap). .
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¢ Plastic pipe -~ sizes up to 16 inches, (40 centimeters
in diameter), pressure is limited to strength of
given plastic, (This is a relatively new form of
pipe but rapidly gaining acceptance. Advantages:
lightweight, easy to lay, excellent flow
characteristies, easily tapped. Disadvantages:
subject to freeze damage, difficult to locate once
buried. Generally considered excellent for interior
piping but not for interior mains and submains).

¢ Wood Stave Pipe -~ size 12 inches to 168 inches (30 to 430
centimeters) and larger in diameter, (Still comnmon
for large transmission pipe lines in the mountains.
Does not freeze and 1s easily repaired. Presently
used for pemstoecks and cross country wateér transmissiomn.
Depending on the region of the country, it can be the
cheapest type of material for large pipes).

The Sewage Disposal System

The lack of some type of .system to handle the sewage of a
community is always a serious threat to its health and
welfare and the followling facts must be recognized:

# About 60 to 70 percent of water supply of a neighborhood
ends up as waste water.

» Industrial wastes can contribute to the sewage,
depending on the size and nature of the factories in
the neighborhood.

# Rainfall increases the flow in the sewers due to
excessive leaking into the pipes.

¢ Combined systems which carry both storm water runoff,
as well as sanitary  sewage, are to be avoided if
possible. They create major difficulties for sewage
treatment plants because of overloading.

Types of Sewers

There are several types of sewer discharge and/or
treatment systems, ranging from the primitive to the
sophisticated, such as: the pit privy; container privy;
aqua privy; septic tanks; classical system; sewage lagoons:
and vacuum systems. :
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Pit Privy -~ The pit privy location should be downgrade from water
sources, with the bottom 1 1/2 feet (.5 meter) above ground-water level
since it operates on the seepage principle. It should be located away
from streams or lakes, and at a safe distance from the household food
preparation areas. The pit privy must be designed to exclude disease
carriers such as insects and rodents. At the same time, the .pit privy
must be located conveniently

to the users. Probably the [

floor-level squat type with
‘a tightly closing trap door
is the most economical. The
enclosure should be provided
with screened wventilation
openings to dissipate
offensive odors.
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Container Privy -- Where other forms of privies camnot be used, alterna—
tives are covered cans, pails, or containers to transpoft human excreta
to a safe disposal area. Accumulations of so-called night soil in privies
and cesspools can be periodically removed in honey-wagon vehicles to
points of safe disposal. Spillage from various types of -containers, the
offensive honey-wagons and the great danger
to the health of the many workers picking up
1T containers and manually cleaning cesspools
[ have caused rapid changeover to the aqua-privy
/ T— Pipe sewer system whenever funds can be obtained.
However, the container, night-soil vehicular
system is labor intensive, while the water-borne
pipe sewer is capital intensive.

b ite————

Y

i
:

41



Agqua Privy -- Most commonly called the "flush toilet,' the aqua privy is
connected directly to a cesspool, septic tank or classical sewer system.
Most frequently it is also attached to the water system to provide the
flushing action to move sewage into the disposal network. It is automatic
in operation, although the flushing bowl can be fed by hand.
aqua privies are available which do not connect to a sewer system, and
must be filled with water. Waste water is captured in a self-contained
tank which must be emptied by hand. ZEither aqua privy is very sanitary
and convenient; however, installation is a matter of cost in both cases.

Self-contained
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3 Septic Distribution Absorption
Tank Box Field
TR
Section Through Septic Tank System
Septiec Tanks -- Where adequate public sewer systems are not available

sewage may be disposed in septic tanks. Septic tanks rely on biological
processes for the treatment of sewage, and if designed, constructed, and
operated properly, can provide a safe and relatively cheap method of
treating domestic wastes.

ThHe septic tank system has two major parts:
s Septic tank.
e Absorption field.

One of the most important items to be checked before a septic tank is
constructed is the absorption characteristics of the surrounding area.
The septic tank is pre-fabricated and buried or built in place. It
receives raw sewage and allows the solids te settle out to be partially
digested by bacteria. :

The absorption field is a sub-surface network which distributes the
liquid effluent over an area where it can seep into the soil. The
filtering capabilities of the soil, with additional bacterical action
removes harmful organisms. The efficiency of the absorption field can
be increased by incorporating absorption trenches filled to a depth of
6 inches (15 centimeters) with graded gravel. Heavy equipment should
not pass over the absorption field, since this disturbs the natural form
of the soil and diminishes its absorption capability.

The following should be considered in selecting the location of a
septic tank:
e The tank should be located adjacent to the absorption area, but not
in swampy places.

e Topography of the location should provide sufficient slope so that

rawv sewage flows by gravity from the house to the tank and from the
tank to the absorption field.
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Septic Tank

F

Absorption Field (Schematic Plan)

@ Tank trucks should be able to approach with ease so that they can
pump it out.

®© Tanks should be located at least 75 feet (20 to 25 meters) away
from water supply sources such as wells and springs.

e Location should not be on weak and loose soil since settlement
will cause failures of the plumbing connections and the septic tank.

Classical System -- Essentially, this is the network of collector pipes
which transport sewage from the point of corigin to the point of disposal..

It can range from a simple system of pipes running directly to the point

of disposal, to a complex network of collector points and manholes for
maintenance. The classical system always is a part of the most sophis-
ticated systemsy its degree of complexity is dependent upon the size of

the area-to be served, the amount of sewage flow, and the method of disposal.

Dry wells are used with classical systems te aveoid overloading sewage
disposal systems. Rainfall collected on roofs of buildings is dissipated
through the s011 media through dry wells. Dry wells should not be
-connected to seeping pits, and should be far removed from water supply

souUrces.,
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Cesspools -- They are used to receive and dispose of raw sewage through
filtration and should be constructed in a porous soil with high gravel

and sand content. Cesspools should not be used if ground water is high
and always should be placed downgrade from all water sources. Cesspools
can be built in non—-porous soil to collect solids and connected to seepage
pits to dispose of the liquid effluents. )
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Sewage Lagoons -- They are rather simple to construct and provide an
efficient treatment for raw sewage through the process of oxidation.
Lagoons are constructed for flexible operation because the raw sewage

can be put through them either in series or in parallel, depending on

the quantity of sewage flow. Lagoons in series operate independently

of each other. It is advisable that several lagoons be built and operated
in parallel. When expansion of the sewage treatment system is needed the
lagoons can be operated in series.

Construction planning of a lagoon system involves these factors:
e Site location: Cost of the lagoon greatly depends on the cost of the
land to be used. It should be as cheap as possible to keep the expen-

ditures within economic constraints of the community. The site should
have a relative low location to eliminate the need for lift stations.

Plan of a Sewage Lagoon
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& Wind directions: Wind is necessary to stimulate the aeration of the
sewage. Prevailing winds should not run parallel to normal flow of
the sewage. This decreases the treatment time and efficiency of the
lagoon. If high winds, more than 30 miles per hour (48 km.) are
expected, the edges of the lagoons must be reinforced by rocks or
concrete blocks to stop possible erosion. The odor of the lagoon
could negatively affect the population living around the area and
houses should be no closer than 1/4 miles away.
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Cross Section of a Sewage Lagoon

e Percolation problems: Percolation must be minimized to avoid
excessive seepage because, if the water table is comparatively high,
it will pollute the natural water supply; lack of sufficient water
in the lagoon will slow the aerobic treatment process. When
necessary, the bottom of the lagoons should be lined with proper
materials such as soil-cement mixtures, asphalt or other sealant
materials.

Vacuum Sysiem -- In developed countries where there are limitations of
the use of water, vacuum systems are used for the removal of the raw
sewage. There are three conditions under which this system is effective:

e Where water supply is very limited.
e The soil has anti-seepage characteristics.

e Regions of long cold winters where water freezes during the major
part of the year.

The vacuum system is based on the theory of hydraulics, and the sewage
is moved inte storage centers by powerful vacuum pumps. This-is not a
low-cost system, but an innovative method which might satisfy a region's

needs.

Factors for Sewer System Design

A complete study must be developed whenever a new sewer system or a
major improvement is planned, based on these factors:

¢ Topographical characteristics of the neighborhood, complete map of
the area served with the identification of roads, streams, and

natural slopes.

e Plans of all existing sewers with coordinate identificationms.
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e CSpecifications governing the
construetion of the sewer
system, If there are no speci-
fications or if existing
specifications are inappro-
priate, then design manuals or
text books should be consulted
and used as references.

e Volume of sewage expected,

o Sewer sizing and veleccity
requirements for sanitary and
storm sewers.

e Locations of manholes.
e Depth of sewers.
e Schemes for joining sewers.

¢ Financing procedures, with
details.

The Sewer System Design

The design of sewage disposal
systems must be efficient and econo-
mical. Efficiency depends on the
engineering design and economics
depends on the type of the system
to be installed. Areas which are
highly populated require laxrge
sewage disposal and treatment
systems. High-rise buildings,
commorn. in urban centers, demand
elaborate sewage systems. In
less dense areas, houses may be
clustered around large septic
tanks,-and result in large-savings.

Surveys must be run to develop
the basic data for a design; this
~ should include information on:

® Surface and subsurface physical
conditions.

e Area development trends
(population size and type,
water use forecasts, location
of business, roads, airports
and homes).
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e Political boundaries and ordinances.

¢ Finances of design, construction, operation, and
maintenance.

While the planner should rely on competent technical
assistance to develop factor inputs and design recommendations,
it is useful for him to understand some of the engineering
aspects in making overall judgments in basis utilities.
schemes, This is particularly true where hardware applications
may meet with consumer resistance. The planner would be in
a better informed and more sympathetic position to resolve
such problems, and most likely would be able to anticipate
potential problems involving social factors,

The following points provide some do's and don '#8 which
may be useful as background:

¢ Once the population and water use patterns have been
determined, flows may be estimated by multiplying the
population by the water consumption rate and adding
in infiltration rates, In some areas, infiltration
may be very large due to.soil and rainfall conditions:
the use of polyvinyl chloride joined pipe or other
similar materials can, however, effectively limit this
to an acceptable value.

¢ Pipe velocities should be a 2-10 feet per second
(6 to 4 meters) based on average or maximum flow; this
is to prevent sedimentation of particles and yet not
scour the pipe.

e Manholes should never be designed more than 500 feet
apart to allow cleaning and inspection of the lines,

¢ Pipe diameters should never be less than 6 inches
(16 centimeters) in diameter, because of cleaning
difficulties,

¢ At no point in the system should there be a positive
pressure head in a sewer pipe unless the section was
specifically designed for it. All positive sewers
should operate under essentially open channel flow.
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¢ No roof run-off or storm water should be allowed in
the sanitary sewer system.

¢ Sewers should be designed and laid at a depth
sufficient to allow all wastes from buildings to
flow to the main by gravity.

@ All loads, both backfill and superimposed surface
loads, should be considered when selecting pipe
materials and pipe bedding type. A factor of
safety of 1.5 should be used in calculating loads.

Hydraulics of Sewers

The flow in sewers is normally obtained through the
natural slope. The topography of the area has great
influence on proper sewage flow as well as on the cost
of the project. The desired velocities in sewers are
computed according to the following formula; however,
the specifics of this function are best handled through
technical assistance advice.

1 - OPEN CHANNEL FLOW:

(41.7+0.0028/83+181/n
1 —_ — e ——
Knutter's formula V= 137977550.0028/5 n/VR  ~] RS

' 2/3 ¢1/2
Manning's formula V= 1.486 r2/ S
n
(by far the most popular)
Where V= mean flow velocity - feet (meters) per
second
R= hydraulic radius - feet (meters)

{(area of stream/wetted perimeter)

8= slope of hydraulic grade line - feet/feet
{meters)

n= roughness coefficient
(normally assumed constant even though
it is a funétion of many items .including
depth.)
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2 - PRESSURE FLOW:

These problems are handled exactly as in water problems
using either the

Hazen-Williams' Eq. vV = 1.318cr0.63g0.54
or

. L ¥2
the Darcy-~Weisbach Eq. He = £ Tg

Where Hg= lost head - feet (meters)

L = pipe length - feet (meters)

D = pipe diam, - feet (meters)
f = friction factor which is a function of
N = DVP
RC =

P= density of £fluid

M = kinematic viscosity

The Road System

Communities must have adequate roads in order for people to
reach their job locations without excessive loss of time,
to get to market places, and to meet with friends. To
obtain this, suffieient right-of-way must be allowed for
construction and expansion of the roads to accommodate
motor vehicles, The width of the pavement should be selected
according to the naticnal standards. If national standards
do not exist, the roadway should have a width between 9
feet (2.8 meters) and 12 feet (3.6 meters) per lane. )
Selection should be a compromise between space and financial
resources and adequate clearances between passing vehicles.
The width for the right-of-way of a road depends on the
location and judgment of the planners., Selection of a
width should be based on consideration for future widening
as traffiec increases. Local roads should have a right-of-way
at least 40 feet (12 meters) wide. Main roads and highways
should have rights-of-way of 100C to 300 feet (30 to 90 meters).,
These widths will provide room for future pavement widening,
foot paths, public utility 1lines, and shrubbery. Rights-of-way
considerations should be determined on the basis of
circulation needs and efficient land use. Many communities
in developed countries are restricting vehicles on older
narrow streets and limiting them to foot traffic only.
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Many newer communities in the developed nations are built
with the idea that city streets are for walkers only, and
vehicle traffic is provided for on the periphery. The
social advantages of pedestrian-only streets are many and
should be weighed against providing streets and roads that
anticlipate greater vehicle traffics.

Economic constraints might prohibit paving operations.
This 1is not a major item, since unpaved roads can serve
communities rather adequately until funds are available for
improvements. However, the criteria for deciding if paving is
needed is based on traffic, vehicle types, speeds, and the
type of paving required to meet varying demands. Where
paving is planned, the installation of pipes for water and
sewage systems should be anticipated to avoid tearing up
expensive paving materials. The type of road design depends
on the base material as well as on the climatic conditiomns.
All roads of a new settlement must be connected to the major
transportation system of the country. The types of roadways
which can be built are: :

e Compacted roads.

e Gravel roads,.

e Dirt roads, with dust gtabilized with oil.
e Asphalt pavement,

e Concrete pavement.

Pavement Design

Pavement designs must obey rigorous constructlon steps
in order to make them economical, safe, and lasting. There
are various sections of a pavement: subgrade, sub-base,
base, and the rigid or flexible surface., It is desirable
that as many layers as possible be used to construct a
lasting roadway. However, a small volume of wvehicular travel
might not justify high expenditures and a low-cost roadway
would be more practical. Low-cost roadways are surfaced
by treating the natural subgrade with oil, calcium chloride,
and soil-cement mixtures. It is also possible to surface
them with untreated sand clay, shell, soft lime-rock, éravel
and crushed stone.

52



There are many considerations in rpad surface planning:

e So0il types of the pavement foundation have great effect
on the construction cost of the project. Granular
soils, such as sand and gravel, particularly well-
graded ones, are desirable. Fine grained soils, such
as highly plastic clays and rather uniform silts,
are generally poor foundations. Black cotton soil
and other heaving types usually consist of expamnsive
clays and are undesirable for any kind of foundatiom.

¢ Poor soils should be treated for strength and
stability before a pavement is constructed om them,
Soil-cement mixtures are generally used for this
purpose.

e Pavement design must.be coordinated with all other
factors such as budgeting and space limitations;
existing and predicted traffic densities; needs of
the community (such as transporting their goods to
larger market places) in order that an efficient cost-
benefit optimization can be reached.

¢ Engineering judgment and management are needed for the
success of any pavement design and construction,
These are the selection of the geometric design
criteria and materials of construction, project control
of manpower, equipments, and materials,.

To control the cost of pavement construction, careful
cholice of land and materials is necessary. Geometric
design and alignments must be done in such a way as to
minimize land use and cut and fill operatioms of the region.
It 1s desirable to by-pass existing buildings since removal
is an expensive venture. Local manpower should be used
extensively because:

@ Developing countries have large numbers of unemployed
unskilled labor force. They are able to perform
tasks related to recad construction such as digging,
carrying, compacting, spreading, and watering.

¢ Equipment for road construction in developing countries

is scarce and should be substituted with manpower
as much as possible.

Drainage facilities must be incorporated in the planning
and design phases. The topography of the region should be

7
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studied and the road lines should pass along high points
with good natural drainage, This approach helps to avoid
seasonal pavement failures due to excessive rainfall,
permafrost, water level.. Otherwise, expensive drainage
structures such as culverts, bridges, ditches, and canals

must be built and maintained.
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