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INTRODUCTION

The University of Oklohoma is conducting a project designed to assist in the selection of the most
appropriate water and sewage treatment technology for sites in developing countries, The project
involves and will produce reports on:

1. A state of the art study.

2. Data collection and reduction formats,

3. Development of a global network of adeptive and innovative technology for
water and wastewater treatment process studies that involve unique and
adaptive technology.

4. Development of a predictive niodel to help planners select suitable water
and wastewater treatment processes appropriate to the material and man-
power resource capabili.ies of particular countries at particular times.

This report, first in the series, covers the prediciive model's format, data requirements, dctailed
flow, selection of appropriate cosis, and computerization. It also includes a test of the modei

*
using an actual case study.

The model has the abilily to bring together a number of critical inputs relating to the effective
installation and use of various water and wastewater treatment methods, processes, and combination
of processes. The output of the model is a list of the plausible alternatives for water and/or woste-
water freatment in developing couniry communities. This output allows planners or project engineers
to look at all the plausible processes and their related costs, plus the operation, maintenance, und
manpower requirements associated with each of the various processes. This technique will eliminate

the problem of overlooking good processes for water and wastewater treatment.,

The key elements of this approach are:

1. The systematic evaluation of the importance and interrelationships of all
relevant aspecis of the problem, such as technical, economic, social,
political, and cultural factors.

2. The assessment of alternative courses of action.

*

For those interesied, there are separate technical manuals for: (1) describing the computer
program with instructions for using the program on the IBM/370 computer and (2) the procedure
for manually determining the appropriate process. The report is also available in Spanish.
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3. An analysis of in-country costs as the basis on whizh policies can be determined
and decisions made.

The emphasis is on obtaining a grasp of the total picture so that international health organizations,

lending agencies, and regional institutes will have a viable planning tool.

The mode! is currently being validated in-house and in the field. The in-house validation
includes:
1. Comparison of mode! oulputs with data from existing treatment facilities in
developing countrics.

2. Identification of user application problems, consultants, planners, bankers, etc.

3. Inclusion of new interpretative/adapiive technology and state-of-the-art infornation
to broaden the available treatment processes and levels of applicability.

The field validation work consists of model runs by users to determine if the appropriate data can
be obtained 1o run the mode!. The primary objective of this phuse of the validation process is to
ensure that input Jata requirements cun be met in various developing country situations where
substantial national and/or local environmental, economic, and sociul data are not generally
available. In these situations, the test is whether the model outpuis still provide the design

engineer or planners with useful information on the most acceptable processes.

Alihough the model is limited from a purely mathematical viewpoint, the output is meaningful in
that it allows a rapid examination of the alternatives to planners as well as providing elimination
of non-feasible processes on an objective basis. Also, although the model is an important design
tool, it does not replace the planner but rather allows him to concentrate his skills and experience

on the identified alternativer in the most effective way.

The model has been computerized for a number of reasons. First and probably most important is
that a ccmputerized version relieves the planner from the error~prone task of manually evaluating
the alternative processes for the selection of the most appropriate treatment method. As indicated
earlier, the model is limited from a mathematical point of view; however, the number of steps to
execute the model, while not complicated, are numerous and time consuming. The computerized

version also can be used by the planner to evalua'e several communities in one execution of the



program. The second reason for computerization is that, in less developed countries, electronic
computers are becoming available for use by those involved in planning water and wastewater
treatment. The computerized model enables planners to use the latest technology as an aid to
decision making. For those planners who do not have access to a computer cupable of executing
the model, a manual approach is being developed. This avoids the problem of having to send

the data to some central computing center or regional office (if u local computer is not available)
to use the model as an operational test for planning. In short, iie manual approach gives the

mode! applicability even in the remotest of arcas.

Finally, computerization also provides a basis for a uniform analysis of planning water and
wastewaier treatment on a regional or naticnal basis. Presently, the model is limited 1o
evaluating the plausible treatment methcds for a single communily. However, it contains tha
type of information nceded for a more aggregate approach of meeting the problem of water and

wastewater treatment. It can be casily modified to provide cost information on a regional basis,

Another important point is in~country acceptance of appropriate or suitchle technology. The
information currently available indicates a strong desire on the part of developing countries

to be identified with "high technology" (often termed "going first class"). In effect, the
developing couniries are expressing a desire to have the latest lype of water and/or vastewater
treatment facilities now being used in developed countries. Such facilities might be feasible

in a few of the developing countries largest cities, but the majority simply do not have the in-
country resources to build, maintain, or man these expensive, highly technical plants. In fuct,
this project stemmed from the all oo frequent waste of developing countrics rescurces in aftempis

to build and operate advanced treatment plants, most of vhich were complete failures.

This phenomenon is also prevalent in developed countries. Even U.S. cities and towns often
demand the "best" available technology when an older, proven technology would be more

appropriate for their environment and available resources.

The selection mode! developed by this project helps design engineers and planners mitigate the
problems created by this desire for high technology. Through the use of this computerized model,

a large amount of dala/information can be processed quickly, and the resultant ouiput will display
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the consequences of all the various actions including all relevant cost. Such a display will, in
most cascs, enhance the design engineer's professional judgment. Also, in his defense of the
selection of a lesser technology, the designer con now say that he has a "high technology device"
with the mystique of the computer and the systems approach that evaluates quickly the large number
of variables associated with the needs and resources of a specific community and the available

alternatives. This evaluation will add the prestige of "science" to professional judgment as well

as helping formulate that judgment.

Finaily, although the model essentially does the same iob done by good designers, it is visible,
inclusive, and would be of vaive as a map for either expert or novice. The model can be run
on a computer or operated manually . Both the computer program and manual procedures are

provided in technical manuals.,



METHODOLOGY

Figure 1 is an overall view of the planning model data flow. This methodology uses 18 in-
puts thot describe socio~-economic conditions, 31 inputs that describe the indigenous resources,
2 inputs that describe the demographic profile, and 3 inputs that describe the raw water qual-
ity. This constitutes the raw data. The method used to assure the appropriate process selec-
tion takes raw dato in two cutegories (socio~economic and indigenous resources) and reduces
it through a weighting process to provide o representative community profile. The following

sketch illusiraies this icduction.

Fighteen Socio- Four Socio-
Economic Descriptors T Technological ‘\\b _C.QQTEL”Z
Levels Profile
Thirty-One Resourc ; /
D W. , ¢ hesour e‘\; Five Resource e
escripfors b R
. Categories

The four socio-technical levels and the five resource categories are used with o motrix of
processes, manpower, and material requirements 1o screen acceptable alternative processes

for future consideraiions as sketched below,

Socio-technological Process by
Comm. Level Manpover Feasible
Profile B i Requiremenfs_——“—“{} Process
Indigenous Resources _|Matrix

The model identifics the basic treatment processes, PWj ond PSj. In practice, however,

many of the basic freaiment processes are infrequently utilized separately. Consequently,
these processes are used in combination depending on the conditions of raw water fo be
treated or on the condition of the received waste streams. Since water, theoretically, has

11 processes, there could be (2” - 1) combinations of the water processes to provide treat-
ment. Realistically, about 12 water treaiment processes are likely combinations. For waste-
water treatment, about 9 sewoge treatment processes are candidates. The logic of this screen-

ing process is sketched below.






Feasible processes based Suitable
on Community profile Combinations

Combinations required to
Raw Water Quality bring the water to accept-
able quality.

The model next selects the feasible treatment processes by manpower availability and indig-

enous resovices. Only the feosible processes will be used to set up combinations of processes.
The limitation on combinations, in the case of water, relate fo initial raw wale. qualiiy and/
or groundwater or a supervised caichment, The screened combinations are designed to provide
acceptable groups or sequence of treatments dependiig on bringing a raw water level 10 a
potable level, For wastewcter, the combination of sewage treatment methods are based on
effluent dilution available, which is expressed as a ratio of receiving water volume to wasie
volume or as CFS/PE dilution water® (i.e., cubic feet per second of receiving water flow

rate/population equivalent).

Next, the available processes are located in terms of size (population groups or scale) and
socio~technological levels, and a matrix of capital, operation, and maintenance costs is
constiucted. This cost matrix is developed by empirical analysis, regression analysis of de-
veloping countries data, or recl entries. The empirical analysis technique is used in this

report. The Jevelopment of this technique is shown in Appendix C and is sketched below.,

Socio-Technological Most compatible
i

—_Cosf 7 Process, Cost
Suitable Matrix M estimate, Total,
Combinations ; O & M, and Man-

i power
]

Process
Cost

Population or Scale

Finally, the alternative costs are presenteo as totals for operation and maintenance and man-
power. The model, in short, will screen acceptable combinations of processes for treatment
made up of basic treatment processes which are considered feasible in terms of the manpower
and indigenous resources at the community level. The final step will provide the least cost

alternative., The raw duta requirements for the computerized model are shown in Appendix B,

*These constraints ure also subject to alternations; that is, various countries may elect various

levels of quality criteria. This is based on the current international levels.
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As indicated carlier, Figure 1 outlines the full characterization of the decision variables
and the steps performed by the model to determine the most compatibie processes for a
community. The stepwise, block=by=block process follows. The blocks are notfed in Fig-

ure 1.

Block One

STF ~ Social=-Technologicul Factors

Level of Education

Distribution of Labor Force

fncome Characteristics

Percent non-indigenous workers in
Gov't and Industry

School Operaiors

Highest Grade Offered by Local
School

Nearest Hign School

Compulsory Primary Education

Availability of in-service Training
Programs

Local College or University

Chemistry in Local Caliege

Community Fiscal Level

Unemployment Level

Availability of Extension Services

Schools of Local College Students

Level of Technology Available

Governments as Labor Users

Availability of Public Employment
Services

Under the socio-technological levels (STL's) input, four levels of development have been
established so that any community could be classified into one of these levels. Each level
represents a different stage of development for a community. For example, level | represents
a low level of development, such as a subsistence type of environment. Conversely, level IV
represents a high level of development, which includes high per-capita income and general
availability of manufactured goods and related servicc.. This environment is found in many
large communities of Western Europe and the United States. Levels Il and Il represent dif-

fering degrees of the low- and high-development levels.
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The term " development" is a comparative one and refers to the performance record of a

" economically underdeveloped” community may be highly

communily's economy. Thus, an
developed in art, social organization, religion, philosophy, or another non-economic field.
In economic terms, however, " underdevelopment” means tha* a community is one which af-
fords its people a comparatively poor end product of consumption and material well-being,

and that this relatively poor economic performance could be improved by means which are

known, undersiood, and have already been applied by the " developed” countries.

A number of objective measurements of economic performance have been devis~d over the
years which, when applied, demonstrate the above definition fairly well. In fact, despite
the economic measure used (death-rales, infant mortality, consumption indexcs, per~capita
incomes, etc.), the results are about the some. The "developed" communitics tend fo clus-
ter at the favorable end of the scale. Thus, communities can he roughly differentiated into
those which provide their people with a relatively good end product of consumption and ma-

terial well-being and {hose which do not.

This stage of development is defined as the sum of socio=-cultural and socio-economic factors
that are essential parts of any community or greup of people. The variables were selected on
the hasis of their availability at the local level and how they reflect the level of development
at the community ievel. Eighteen socio-economic and socio-culturai variables are used; their
characteristics are bricfly described below:
1. The level of education is a broad measurement designed to provide a rough

estimate of the level of education of the people in a community. Five

broad levels are specified: none, primary, high school, technical insti-

tute, and college. The high-level communities generally have higher

levels of educational attainment.

2. Distribution of the lebor force is expressed in terms of the percentage of
professional, skilled, and unskilled workers in the employed labor force.
The employed lubor force means those persons who are in some way con-
nected with the market economy. In a subsistence economy, only a very

small portion of the total population is engaged in market activies. At
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5-8.

10-11.

the advanced level of development, a large percentage of the total popula-
tion is active in the market, and these workers have expertise levels equiv-

alent to the professional and skilled categories.

Income characteristics generally reflect the level of development. A larger

per—-capita income generally denotes high levels of development.

The percentage of non-indigenous workers in government and in industry is
alsoused as an indicator of development. Low levels generally require that
the majority of skilled and professional jobs are held by non-indigenous

workers.

These variables relate to the invesiment that a community has in the educa~-
fion of its youth. When schools are operated by voluniary agencies or mis-
sionary organizations, the level of develonment tends 1o be at a low level.
Incrcases in the standard of living tend to bring compulsory educaiion fo at
least the primary level. The general accessibility of schools fo a community
indicates the level of development. Generally, the higher the grade offered,

the higher the level of development.

The availability of in-service training programs reflects the level of develop-
ment. These programs are not generally available in less developed areas.
These programs often become more available as the need for higher skills and
morc expertise in technical arcas is required in the community. These in-
service programs may be offered through agricultural extension and commun-

ity development programs.

These variables relate to the more sophisticated educational opportunities
within the community itself. The availability of a college chemistry de~
partment gives some indication of the technical expertise available in the
community. It also provides a potential place for the testing of water

quality characterisiics. In short, the availability of higher education indi-

cates a high level of development.

-10-



12.

14.

15.

16.

17.

The community fiscal level relates to the ability of a community to meet
the needs of improved water and sewage treatment by providing for some,

if not all, of the funds required for these improvements.

Rampant unemployment is characteristic of communities at a lov level of
development. The bulk of those unemployed in an area of low develop-
ment are unskilled workers. Generally, the unemployment problem de-

creases as the level of development increases.

Agricultural extension services tend to improve as the level of develop-
ment increases. At fow levels of development, agricultural extension
services and demonsiration projects are scarce. In addition, there is a
fremendous need for advizory services to farmers and other programs to
upgrade the skills and enlist the participation of the rural masses. The
main hurdle at low levels is that the opp opriate organizational and
institutional struciures lack the means to implement and adminisier ox-

fension services.,

The universitics or colleges that local students attend give an indication
of the level of cevelopment. If most or all of the college students re-
ceive their higher (third) education in neighboring communities or abroad,

then the community is at a low level of development.

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 tech-
nology: hund tools, mechanical tools (e.g., gasoline-powered equip-
ment), chemical products le.g., use of fertilizers and/or chlorine), and

electronic technology.

The government's role in the labor market also gives an indication of

the level of development. At low levels of development, the local
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government tends fo be the major employer. As development increases,

employment in private or non-governmental-related activites tends fo

increase.

18. The availability of public employment services indicates the level of
development. These services are generally only available at high
levels of development. Public employment services in less developed

countries tend to be service blue~collar workers rather than profes-

sionals.

Block Two

RC - Indigenous
Resources

Operation Equipment
Process Materials
Mainfenance Supplies
Chemical Supplies
Groundwater Availability

The second group of raw data inputs is concerned with the indigenous resources available
(RC) within the community. Data about the local resources and the present technology
available for a ccmmunity is based on the variables shown below. The list is made up of
chemical supplics and mechanical materials needed for the operation of a wide variety of
water and wastewater treaiment systems. The availability of these items is matched, with-
in the model, against the requirements of ihe various processes. Those processes which re-
quire materials or resources not locally available are eliminated from the plausible ireat-
ment alternatives suggested by the model. The data input variables related to these local
resources and materials include:

1. Operation Equipment:

Water meters.

Soldering equipment.

Acetylene torches.

Recording devices (e.g., thermostats).
Laboratory equipment (e.g., fest tubes).

o o T Q
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Portable power plants (e.g., portable gasoline~powered
electric generators).

. Motors (e.g., 1-3 horsepower electric motors).
. Water pumps.

2. Process Materials:

Q@ 0 Q0 U0

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

Paint.

Valves.

Tanks.

Vacuum gauges.

Heat exchangers.

3. Maintenance Supplies:

a.
b.
c.

d.

Silica sand.
Graded gravel.
Clean water.
Gasoline.

4. Chemical Supplies:

Q@ he o0 oo

. Alp(SO )3 (Aluminum sulphate).

FeCl2 (Ferric chloride).
Char (Activated charcoal).
CaO (Lime).

NaCO3 (Soda ash).

Cly (Chlorine).

. O3 (Ozone).

Laboratory chemicais (e.g., litmus paper).

5. Water Source:

a.
b.
c.

d.

_ngck Three

River or stream.

Lake or impoundment.

Wells (is groundwater available?).
Sea or brackish source.

—

DD - Demographic
Data

Present population
Annual growth rate

-13-



The third group of raw data used as input info the model consists of demographic inputs.
These inputs to the model are designed to be those most readily available. These inputs

include: present population and annual population growih rate.

Block Four

st e e

Raw Water Quality

Number of Coliforms

Suspended solids
receiving water
dilution

The fourth and final group of inpufs consists of the results on tests performed on the raw

water. This block contains three different measurements:

1. The number of the coliform groups of bacteria as an indicator of pollution
in terms of parts per millien (ppm).

2. The degree of suspended solids in the waler in terms of ppm.
3. The receiving water dilutions as specified by the Biochemical Oxygen

Demand (BOD -5 day, 20°) content of the wastewater, or sewage.

The above inpuls provide the raw data needed to use the mode! for the selection of a water and/or
wastewater treatmeni method for @ community in a developing country. Hopefully, these data
are currently available for the site; if not, then national, regional, or similar data may be sub-

stituted.

Block Five

Relative Social-Economic
Weighting Factors - st

Sce Table 1

e
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Table 1. Data Sheet Weighting Factors for Technology Level Determination
for Commwnities in Less Developed Countries,

Variable Data Sheet Port 11 Passible Weighting
Description Question No,'s 1-19 Choices Factor
Level of Educ. 1 1 0

2
3 0
4 <

Distribution of Labor

force ? 1 0
2 5
3 10
4 15
Income Characteristics 3 1 0
2 4
3 8
4 12
% non-~idigenous workers 5 15
in Gov't and industry 4 1 4
2 3
3 2
4 1
5 0
School operators 5 1 0
2 5
Highest grade offered by local 6 0 0
1-6 2
7-10 4
11-12 7
12+ 10
Distance to nearest high school 7 ] 3
2 2
3 1
4 0
Availability of technical &
vocational training 8 1 5
2 0
Compulsory Primory Education 9 1 10
2 0
Availability of inservice train-
ing progroms 10 1 5
2 0
Local College or University n 1 10
2 0
Chemistry in local college 12 1 3
2 0
Uncmiployment level 14 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 ; g
3 10
4 15
Gov't as a labor user 18 1 0
2 5
Availability of public employ-
ment services 19 ; g
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The next phase of the planning technique is to examine the socic-economic variable to help
establish the community profile. The data inputs identified in Block One are weighted as to

relative importance (see Table 1).

The weights were designed so that they are basically derived from the descriptions of the socio-
fechnical levels (STL's) described in Appendix A of this manual. That is, the data form (Appendix
B) was developed from the scenario described in Appendix A. Hence, by its nature the weighting
|rocess coincides with the levels in the Appendix. However, the weights are somewhat arbitrary
be:cause more emphasis has been placed on these indicators, which have proven to be reliable
indicators of a community's level of development. For example, educational attainment is a
good indicator of development and has been given greater weight than the distance to the nearest
high school. In the case of the location of the ncarest high school, the distunce may not be
important if the communily has a good transportation systern. Again, the weighting process is
flexible and can be modified to satisfy the requirements of local conditions. The overall ob-
jective of the level determination is to classify communitics into a usable level of development.
Most communities of interest fall into levels two and three. Fine tuning of the level measurc-
ment is not required for successful use of the model, especially when local or regional cost

data is available.

The weights urc tolaled, and a socio-technological level is assigned according to the following

weight schedule:

Socio=Technical Level (STL) Total Weighted Factors
] 1-23
2 24-51
3 51-93
4 93-133

Block Six

Relative Indigenous
Resource Weighting

Factors - W,
.- ir
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Block Six depicts the grouping process designed to determine if a group of related indigenous
resources is available (see Block Two). The purpose is to group these resources info five gencral

categories:

Operation equipment.
Process materials.
Maintenance supplies.
Chemical supplies.
Grourdwater cvailability.

O AW N e

The hasic assumption underlying this grouping is that the items listed in the data sheet are only
representive. [f the majority of these items were designated as available, then the group (c.q.,
chemicals) would be considered generally available in the commurniity under consideration. (The

majority, herein, is selected as 70 percent,) This judgment value can be altered.

E_I_gck Seven

STL - Social-Technological
Level

Lot i, v

(These levels
are also used
to set three
manpower skill
categories.)

Block Seven determines the manpower availability based on the socio-technological level for the
community. Decision rules have been developed so that the treatment method selected can be
maintained with workers sclected from the local manpower supply.* The purpose of the decision
rules is to avoid the manpower problems of many previous projects; that is, the installation of
processes without .egard to supply of local manpower to repair and maintain the treatment operation,

These rules, translated into constraints, are:

*This is as opposed fo instruction or special training of parsonnel, which of course is an alicrnative.
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1. In Level | communities, only unskilled manpower is available (Category
C only).

2. Level 1l communities have only unskilled and semiskilled labor available
(Categories C and B only).

3. Level Il communities have only unskilled and semiskilled labor uvailable
in populations under 50,000. In populations over 50,000, Level Il and
Level IV communities have all categories of manpower available,

These constraints, based on the levels of development presented earlier, help a planner determine
the relative availability of various types of manpower needed to operate a plant, The main emphasis
of the scheme is operating personnel, as opposed fo construction personnel. Investigation fo this
point has indicated that failure of a project almost viways occurs during operation and maintenance
rather than during construction. Therefore, skilled workers required in the consituction stage are
not included. The occupations required on water and sewage treatment programs in the post-con-

siruction stage fall into the following categories:

1. Professional (Category A).
2. Skilled and craftsmen (Category B).
3. Unskilled-semiskilled (Category C).

Category A and B occupations required a substantial amount of speciul formal training. Hence, the
sources, volume, and timing of their supply is relatively easy to identify. In category C, by
contrast, most individuals can master the required skills by relatively nonformal means on the job
and do not undergo formal courses or pass through formal in=plant training schemes. This is true
even in those craft occupations that for generations have been termed "apprenticeable.” It is

even more true in most of the new "industrial” skilled manual occupations, which have emerged
since the indusirial revolution. The skills cannot normally be gained away from or outside the
employing instilution because of the nalure of the operaiion or the special machinery and equip-

ment involved or the working environment itself.

The main personnel supply for category B occupations, which require a secondary school education
plus two to threc years of vocational training, is produced by the training schools and schools

maintained by ministries of the government which operate them to meet their own specialized
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requirements. In many developing countries ihese facilities are generally well-established.

Block Eight

RC - Rasource Capability

Indicated by a
confirmation of
five categories.

Block Eight represenis the indigenous resource capability of the local community. Any number
or all five of the resource groups cun be available 1o a community as combinations of the five

categorics,
The demographic inputs serve as inpuls to the population forccusting model (Block Nine).,

Block Nine

POP - Populaticn Forecasting

This is also used to
eslablish one of the
four population scule
levels.

The fiist 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 thot it
is used repeatedly, The model that determines the population is very simple; the inputs used are
the present population and the annual peoulation growih rate. Although this simple model does
not take into account other factors that have an cffect on the epulation of a comminity, it
should give a close approximation of the populaiion if the change is at a fuirly constant rate.
Population changes are highly contingent on the rates of change in the industrial and commerical
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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The community profile is represented by the data shown in Blocks Seven-Nine.

Blocks Ten and Eleven

Available Processes

Selected on the

basis of STL and
RC in relation fo
the process con-
straints,

Process Constraints

See Table 2

The next step carried out by the model is the selection or screening of feasible processes.

The process feasibility is based on the STL and the RC of the communily. The third input to the
process feasibility is individual process constraints, The model maiches the constrainis of the
processes as shown in Block Eleven. Table Z shows the specific constraints. These constraints
are matched against the capabilities of the community. Processes are screened at this point,
and processes that are too sophisticated or those requiring resources not available within the

communily are eliminaled from furiher consideration for the community.

Block Twelve

Schedul~ of Accepiable
Combinations to Bring
the Raw Water fo the
Desired Quality

See Table 3

Table 3 shows the various combinations of basic processes that are frequently used in combination
depending on the conditions of raw water to be treated or on the conditions of the received waste~

water. Each combination is associated with one or more of the basic processes, which can be sed
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in combination depending on the criteria level of the incoming water, Block 12 serves as un input

into Block 13.

Block Thirteen

Suitable Combinations
Bosed on the Community
Profile and Raw Water

Quality

This block represents a critical decision point in the model. At this point, the aray of proce:s
combinations presented in Block Twelve are matched or screcned against the indivicdual processes
that have been selected as feasible according to the socio-technical level and the indigenous
resource capability of the communily under study. The results of this decision unalysis give

a list of one or more combinations of processes that can be considered plausible for the conmnunity.,
Only the feasible processes are used to set up combinations of processes. The screened conbinuiions
provide a sequence of treatments for raw water that bring it to a potable level. For wasiewaior,

the sequence of sewage treatment methods are based on effluent dilution which is expressed o o

ratio. The details on how to obtain the raw water data are discussed in Appendix A.

Block Fourteen

Schedule of Cost by

1. Process.

2, Construction
cost.

3. Operation and
Mcintenance
cost,

4. Manpower re~
quirements,

See Appendix C

Since U.S. Data are readily available, empirical methods used in calculating costs of treatment

facilities in developing countries is based on U.S. cest, This was accomplished by breaking down
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operation and maintenance costs and construction costs into basic componenis (i.e., labor,
material, etc.) for each category of scale (population) and each technology level. Coefficients
for a cost transfer equation are producad from socio-economic data collected for the site under
study. The cquation, when multiplied by U.S. cost, produces total operation and maintenance
and capital costs for cach trcatment process for an individual site based on local conditions.

The end result is shown in Appendix D, The details of how these costs were determined is pre-

sented in Appendix C,

_lﬂgck Fiftcen

Cost

1. Construction
by STL. by

scale.

2, Operation and
* maintenance by
STL, by scale.

In communities with limited resources and ot low socio-technological levels, the number of
treatment processes included in Table 2 will be reduced substantially. Block Fifieen represents
the step in the model wheie the costs of the remaining combinations of processes are determined.
Three approaches have been chosen to defermine the costs associaled with the treatment processes.

They are listed below in order of preference and inversely with availability:

1. In-country or local data.
2. Regional or national multiple regression.
3. Emvirical formulas,

Because approaches 1 and 2 are still in the formulation stages, approach 3 is currently being used.
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Block Sixteen

Most Compatible based on:

1. Total Cost.

2. Operation and
Maintenance Cost.

3. Manpower require~
ment by 3 categories:

a. professional.
b. semiskilled.
c. unskilled.

The final component of the model, represented by Block Sixieen, is the output of the model.
for a specified comnmunity in five-year increments for 20 years. The details provided include:

1. Total cost over a 20-year period which includes boih the capiiul or
consfruction cost and the maintenance cost.

2. Manpower needed for the effective maintenance and operation of the
plant or plants.

3. The output of both treated water and/or the arount of sewage influent
that the suggested methods are capable of handling.

4, The population served under the proposed system,

One further subcharacterization of the combinations of processes as specified by the model can be
made. The basic classifications of PW, and PS, may still require significant variations within the
categories or combinations 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 PS.'s. For
example, with slow sand filtration (PW3), the following variations are possible: conventional,
manvally cleaned; upflow; crossflow (dynamic); and dual media. These subprocesses, along vith
their individual process contraints, are shown in Table 4 and are assumed compatible within their

categories and communily level constraints.
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Table 4, Water and Wastewater Treatment Process Subcharacterization.

WATER

Processes

PWI1

PW2

PW3

PW4

PW5

PWé6

PW7

No-Treatment
a. Groundwater (not construction, etc.)
b. Catchment Control

Pre-Treatment

o, Turbidify/Sond - Plain Sedimentation
b. Algal Control - Thermocline Control **
c. Copper Sulfate (CuSO4)**

d. Microscreen**

Slow Sand Filtration

a. Conventional, manually cleaned
b. Upflow**

c. Crossflow (dynamic)**

d. Dual media**

Rapid Sand Filter-Conventional*

a. Conventional .

b. Surface Aggitation (air, water, mechanical)
c. Dual media (sund and artificial)

d. Upflow

Rapid Sand Filter ~ Advanced

a. Multi-raedia (sand, garnet, coal)
b. Plate or tube seitling

c. Polelectrolytes (ionic and anionic)
d. Biflow**

e. Dynamic **

f. Valve-less**

Soﬂ'clni_n_gl

a. Lime soda

b. Zeolite

Disinfection
a. Disinfection-chlorine

b. lodine

Constraints

Usually limited by size
to less than Level IV.

Level |

Level IV
Level (11
Level IV

Usually limited by size
to less than Level 1V,

Level 111
Level I
level 11
Level IV

Level IV
Level il
Level IV

Level 11
Level IV

Level 111
Level IV

“*Includes Fe, CaO, and/or Al for coagulation, mixing, and settling.

**Requires more field evaluation ot present.
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Table 4 (Continued)

Processes

c. Ozone
d. Ultra violite
e. Lime, CuSOy

f. Energy** (Pasteurization)

PWE Taste Odor ~ Fe, Mn
a. Aeration
b. Zeolite
c. Chlorine

d. Adsorbent - Char.

PW? Desalting - Salt
a. Multiple effect
b. Freezing out
c. Pressure

PW10 Desalting-Brackish
a. Electrodialysis (ED)
b. Reverse Osmosis (RO)

c. Chemical

PWIT Containment Filters
a. Dunbar **
b. Coconut fiber/charred rice**
c. Asbestos/charred pine needle**

WASTEWATER

PS1  Primary - Conventional
a., Separate

b. Combined

P52 Primary Stabilization Pond
a. Single Cell
b. Multiple Cell

PS3  Sludge - Conventional
a. Conventional
b. Heated
c. Thickened
d. Staged, including mixing

Constraints
Level IV
Level IV
Level |
Level II
Level [l
Level 1V
Level ]
Level 11
Level IV
Level IV
Level |
Level |
Level 1l
Level i1
Level 1V
Level IV



Table 4 (Continued)

Processes

PS 4

PS5
PS6

PS7

PS8

PS9

PS10

PST1

PS12

PS13

Sludge - Advanced
a. Zimpro-Pyrolysis
b. Incineration

c. Ferilizer

Sludge Combined - Imhoff

Secondary ~ Standard Filter

Secondary - High Rate ['ilter
a. Bio=filter

b, Accelo-filter

c. Acro-filter

d. Biosorption-filter

Secondary - Activated Sludge
a. Min. solids
b. Conventional

Secondary Extended Aeration (Oxidation Pond)
a. Dutch ditch

b. INKA

c. Acrated lagoon

Disinfecciion = Chlorine

Aqua - Culture

a. Fish, culture-milkfish, tilapia, bass

b. Vascular plants - Hyacinth, Kang Kung
c. Ecological

d. lirigalion

Dilution
a. Couarse screens
b. Fine screens

c. Chemical Precipitation, Guggenheim

Individual

a. Seplic tank

b. Clivus multrum
¢. Sonitary pit privy
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Level IV

Level |
Level 11

Level 11l

Level IV
Level 1l

Level ]

Level Nl

Level |

Level Il

Level |



Processes

PS14 Individual (Advanced)
a. Chemical
b. Thermal

Table 4 (Continued)

~29-
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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 installizations. However, there is not nccessorily o multi-unit physical system
associaled 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 reasonable competitive

with the other processes or combinations which are subject to the constraints specified in Table 4.
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A TEST OF THE MODEL

A test was conducted for the community of Nakuru, which is located in the Rife Valley Region
of Kenya. The first page of oulput for the model is contained in Teble 5. For each community
evaluated, the computer program generates five pages of output. Thn first output page is gencrated
for the base year, which in the case of Nakuru was 1974, The process ~ombinations listed on the
left side of the output sheet are those suitable for Nakuru. On the same vine with each of the
processes are the initial construction costs of the project, the yearly mainici-ance cost, the total
cost over the life of the project, and the manpower required by three categori=s of skill level.
From the processes listed, the program determines the one with the lowest fotal <ost, and this
process is printed again with a heading indicating that this is the lowesi total cost process. This
output line also contains the population of the community and the approximaie plant scale. The
plant scale which is determined by the STL level of the community, is the approximute dajly

capacity in U.S. gallons for the proposed treatment plant,

The output for Nakuru contains most of the possible process combinations. In other sifuations,
the number of feasible combinations may be much smaller because the process requirements could
not be met by low resources and manpower. Basic processes may be eliminated by the luck of
such resources as silica sand, values, chemicals, or laboratory equipment. In the case where all
the processes have been eliminated and there are no feasible process combinations, a message

will be printed to indicate this,

The wastewater treatment processes are treated in essentially the same manner as the - vater
treatmeni processes. Feasible process combinations are listed along with their costs and manpower.
The lowest total cost process is printed again with the costs and manpower, plus the piojected or
present population and the approximate plant scale in gallons per day. For the base ycar, the
default population is the sume as that used for the water treatment. Different population para-

meters can be specified in the input data.

If the low muintenance option is desired, it can be specified by selecting alternative 2 in No. lI-
13 of Appendix B. When this choice is selected, the lowest maintenance cost process is selecied

by the model and is printed below the list of acceptable processes with a heading to indicate that
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Table 5. The

Plenning Model Output for the Base Year Showing the Selected Processes
and the Related Costs and Menpower.

TR OTHE CUMMUNITY NAHURU

IN Tl STAYT F PRIV INCE CF RIFT ValLlL.EY REGION

IN TheE CTUNTRY OF KENYA

=38 TAD PLANNING GHRWCUPRP FIEYT WATER CENTER

SUTTALLE WATR? TREATHANT PROCESLSHS FG7T [MPLENENTAT ION IN. . 197 4%kxasw
FeasIaLe INITIAL YEakLY TOUTAL FECUIRED
PPCCESS CONSTRUCTIAN mMAINMTENANCE cosT NANPCWER POPULATICN
CONMBINATIONS COST(U.S543) COST{US «F) 297 YEARS JUSKIL|SKIL|PROF| SEPVED

Pul + Pw? 2a49a7 14108 307120 4 o 0

Pw2 + Pw? 24€€E7 3z2s30 1005282 5 o] o}

Pwa + Pw? 24626 SZCE30 6451S2¢€ € 2 2

Pw2 + Pw4 + Fun? 1622850 211964 616213C 6 z 2

PW5 + Fwx7 €7150 7€45% 156634E 2 1 1

Puw2 + PwS + Fw? 15320290 376229 9114872 6 2 2

THE LOHOST TOTAL CUST WATER TRRATMENT PFROCESS IS THD FULLOWING

NC TREATMENT +
DISINFECTICN 3 24647 $ 14102 3 307120 4 0 o} 60181
suxkke SUITAMLE WASTE WwWATER TUEATMENT PROCLSSES FOUOR IMPLEMENTATION [NeeelG74 ®4kxkx%k

PS1 + PSS 7€3087 38744 1457982 2 1 0

PS1 + PS3 142986 16514 56127€ 4 0 0

PSs2 951918¢. 128343 12486062 2 1 0

PS1 + PS5 + PSé 72273¢ 104725 2823236 2 1 0

PS1 + PSS 1664573 9E743 3866423 2 1 0

PSI + PS3 + FS6 12618747 31066 13540667 4 1 1

FS1 + FS3 + FS7 415ES5E 14701 445257S 4 1 1

PS1 + FS3 + FS8 1432547 61850 2670347 4 1 1

THE LOWEST TOTAL COST WASTE WATER TREATMENT PROCESS IS THE FOLLOWING

PRIMARY=-CONVENT IUNAL +3 1429317 k) 12Q14 k2 541276 4 c o 60181

SLUDGF -

CUNVEINTICNAL

RASE YEAR = 1@74

PLANT
SCALE
Ue Se GALLONS

4513575
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It is the lowest maintenance process available. In the Naluru example, an exomination of
the results shows that the lowest total cost water treatment processes selected are also those
which have the lowest yearly maintenance., However, the lowest total cost wastewater
treatment processes in this example or in the testing of ofier examples did not always give
this result. In cases where there is not a central wastewater col'cetion system, the model

does not investigute for a suitable wastewater treatment process.

Table 6 gives the ouiput of the second page of the Nakuru priniad output. At this point,
the population wos projected for five years to 1979, The water and wastewatcr treaimeant
costs were again computed for the vorious processes selected ond in each case the lowest
total cost treatment method was repeated with the population ard ptant scale duta edded,
In this particular example, the lowest total cost process for water treatment is no froaf-
ment and disinfection (PW1 + PW7). For wastewater freatment, the lowest total cost
feasible combination is the primary-conventional and the sludge-conventional processes
PST +~ PS3). Table 7 gives the results of simulation for 1984, and these show again that
the no treatment plus disinfection and primary-conventional plus sludge-conventional

are the lowest total cost processes. The lowest cost processes stay the same for 1989 and

1994,
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Table &.
Processes and the Releted Ceste and Manpower

NAKURY
1N TR STaTs OF PRAQVINCE GF RITT vaLLEY SEGION
CCLNTRY OOF

KENY A

S0E THE DLANNING GROUP PIFT WATER CENTE
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PRPOCTSS CONSYRUCTTION MAINTENAKCE CCST MANPCWER
CONBINAT ICNS COST(US.3) CAOST(US %) 20 vybars  juskivlskitiprorF|

Pwl + Pw? 26741 1424 335241 4 o o]
Pw2 + Fa3 276C32 2€0Cc2 1C95Ces s o o}
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(J
[
0
N
r-3
L
IS
(2]
o
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PS1 + FS3 156330 21772 59177€ 4 0 [o]
FsS2 10844623 140318 13650983 2 1 0
PS1 + FSE + FS6 890022 10726<S 3¢3¢ce22 2 1 0
PS1 + PSS 2071332 1016813 4105062 2 1 0
PS1 ¢ FS3 + PS6 14124037 34630 14822630 4 1 1
PS1 + FS3 + £S7 446536 iS110 484873¢ 4 1 1
PS1 + PS3 + PS8 15662vui 68530 2956801 q 1 1
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Table 7. The Planning Model Outpur for the Base Year + 10 Years Showing the Selected
Processes and the Related Costs and Manpower.
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Table 8. The Flenning Model Qutput for the Bese Yeer + 15 Years Showing the
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Toble 9. The Planning Model Output for the Base Year + 20 Years Showing the Selected

Processes and the Relcted Costs and Manpower,

FOR THE CCMMUNITY NAKURU
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SCOPE AND LI'AITATIONS OF THE MODEL

Since the perspective of the model is global, a large array of treatment processes are con-
sidered polential candidates for the treotment of water and wastewater. The array of pro-
cesses is open fo expansion as new ideas are fested through the global network working on
adaptive and innovative technological transfer. However, in certain areas some processes
lend themselves to greater probabilities for success than others. For example, the obvious

ones for a rural community are:

Water Wastewater
PW1 No Treaiment PS2 Primary Stabilization Pond
PW2 Pre-Treatment PS3 Sludge - Cenventional
PW11 Containment PS4 Sludge - Advanced

PS11 Aqua - Culture

PS12 Dilution

PS13 Individual

To account for local variations, the model can be adapted by the addition and elimination

of processes as needed.

The model initially was limited fo organized communities or nucleated villages that range

in population from 500 to 100,000 inhabitants. At the lower level, the logic was one of

a minimal system. Individual family systems would be acceptable, if they are collectively
managed, cic. In high population concentration arcas, the more developed communities
have largely been able to develop adequate systems without the need for a planning model . *

That is, they can afford the professional expertise.

The model's data requirements are reasonable. The model is so structured that up to 30
percent of the items may be missing, yet reasonable community identification can stiil
be achieved. In faci, one alternutive would be to arrive at the community level by simply

consulting the scenarios in Appendix A, thus bypassing the dala requirements entirely.

*D. Donaldson, " Progress in the Rural Water Programs of Latin America," Bulletin of the
Pan Amcrican Health Organization, VIII 1, 1974, pp. 41-42,
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Another limitation of the study concerns the components of the water supply and sewage
treatment.* By assuming a single community, the water system may be broken down into
four sets or a series of linages: (1) water resources, (2) delivery system, (3) use system,

and (4) disposal system. Water resources refers to location, quantity, and quality of avail-
avle water and other characteristics of the natural environment such as climate and topo-
graphy. The delivery system refers to the means available for developing the resources and
supplying water to the point where it is to be used. This encompasses technology, engineer-
ing skills, and hardware fiom the most primitive to the most sophisticated levels. The use
system refers to the purposes for which the water is employed and the quantities and qual-
ities required for each. The disposal system refersto the means available for taking used

water und ifs confent of wastes away from the houschold and returning it to the environment.

The water treatiment phase of the study deals only with treatment of the water somewhere
between the source and the ultimate user. This technique is bounded on one side by water
procurred from reservoirs, wells, and pipelines and on the other side by the disiribution
system such as a grid or hydront. Both sides are considered fixed, but procurement and
distribution methods do affect treaiment costs, lo some degree. However, this effect
should not be too evident because water quality and system scale are both included in the

model. Therefore, each solution is for a particular source by scale and quality.

The same censtraint applies to wastewater treatment. The methods of treating waste are
concerned with returning the wastewater to the environment so that pollution will be min-

imized. Transportation of wastewater away from households is not presently considered.

* The model structure can also be considered as processes, activities, trajectories, and
systems. In this view, processes are the smallest technological operations, such as sedi-
mentation, filtration, etc. Combinations of processes to meet specific quality goals, the
next level of aggregation of one or more processes, would be activities providing levels
of treatment. Trajectories are linked sets ~F activities within the water system, the waste
disposal system, etc. The total system would then concern itself with the world of water,
including drainage, irrigarion, etc.
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APPENDIX A

DESCRIPTION OF THE STL CATEGORIES

The approach in this study was to set up four levels of development so that any community
would be classified rather casily into one of these levels. The stage of development was
defined as the sum of the socio-cultural and socio-cconomic foctors that are such an es-
sential part of any community or group of people. The general characteristics of each

level of community is described below.

Level | Communities

Level | 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 major public and private institutions, In this stage the indigenous human resources are
insufficient to permit these communities to move forward on their own, Almost without
exception they requi e external aid for progress. Normally the Level | community is
essentially an agricultural society, with the majority of the population being rural

or nomadic. The bulk of the ruial population surrounding the community is engaged

in subsistence activitizs contributing marginally to the market cconomy. Those engaged

in cash crops, such as tea or vegetables, are a small minority.

The bulk of the population is engaged in traditional subsistence activities and has very
little contact with the modernizing sectors of the community. There is a critical shortage
of all categories of highlevel manpower: professional and subprofessional, administrative
and clerical, teachers, supervisors, and senior craftsmen. In many of these communilies,
the toial number of native persons in the population who have a secondary education or
equivalert is certainly less than 1 percent, and in some cases, it may be closer to one-

tenth of 1 percent,

In many Leve! | communities, the population is no longer stable, but is beginning to in-

crease as progress is made in the control of diseases with the expansion of health services.
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In some areas, 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.

Over-crowding and unemployment are becoming noticeable in the larger uiban areas.

The education in Leve! | communities is underdeveloped at every level, It reaches only
asmall 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 "unqual-
ified" which generally means that they have had little more than six or seven years of
primary schooling themselves. The characteristic pattern of most lLevel | communities

is that many pupils start in the first grade, then drop out, and then come back again as

repealers and drop oul again,

Level Il Communitics

Leve! Il communities could also be called "relatively advanced" ones, These partially
developed communities for the most part are still dependent upon the more edvanced
communities or central cities for critically needed scientific and engineering manpovrer,
But they arc able to produce the greater part of their own non-technical high-level
manpower, such as feachers, managers, and supervisors with some assistance from ad-
vanced countrics or other areos within the country, They ave still unable to develop
enough stralegic high-level manpower (particularly engineers, scientists, and highly
qualified teachers) to progress on the road to indusirialization completely under their
own power. In many areas, a large portion, approximately half of the population, is

,
engaged in subsistence activities outside the market economy. Most of the agricultural
po-ulation produces at least some commodities which are sold for cash, In some areas
there is a nuciaus of modern industry and in some communities the industrial sector is
sizable. Some communities have textile factories and light metal manufacturing plants
while others have large 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 | communities, as are the systems of trans-
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portation and communication, Thus, the modern secior of the community is larger and a
great deal more complex than that in the Level ] community, and government employment

no longer dominates the labor market .

In nearly all Level Il communities, there is widespread consciousness of the need for
rapid economic and social development, yet in most cases there is no clear-cul sirategy
for achieving it. But in comparison with Level | communities, therc is more widesoread
participation of the people in the political life of the communily and, consequently,
greater pressure for expansion of education and general improvement in the standards

of living,

Level [H Communities

In terms of human resource development the average Level [l community has travelled
about half the distance belween the partially developed (Level I1) and the advanced
communities (Level IV), The secondary school enrollment ruiio is three 1imes higher,
and their primary enrollment is 50 percent higher. The semi-advanced community
(Level 1) has avoilable practically all of the high leve! manpower that it needs except
for those occupations requiring scientific and technical personnel. Although shoitages
of scientists and engineers persisi, they are not great enough to prevent the community
from successfully importing and adapting modern technology without substantial exicrnal
help. In short, the Level II] community is "over the hump" in human resource develop-
ment, It is on the road to becoming an advance community, and it can travel on that

road largely under its own power,

The quantity and quality of high-level manpower in the Level Il communities is far
helow those in the advanced communities. The Level 111 community is a follower

rather than an originator of scientific, engineering, and organizational innovations.
Actually, a community in this level has a broud base of primary educalion with generally
well-developed sccondary 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 advanced communities. In the area of manpower, institutions though
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capable of supplying initial minimum needs are often improperly oriented to meet the
challenges posed by rapid modernization. In some cases, oo many people are being trained
in fields for which the prospective demand does not match the supply. Industrializaiion is
well advanced in Level 11l communities, Most of them are no longer predominantly ag-
ricultural oriented. Transport, power, and communication are, on the whole, well-
developed. There are, however, bottlenecks in electric production, railroad service,
irrigation, etc., partly because of a shortage of the skilled and technical manpower to

build and operate them.

Like many of the less developed communities, some of the Level 11l communities have
surplused of unskilled human resources. There is a relative surplus among certain types
of university giaduoies. Unlike the advanced communities, however, the level of
economic development is still not high enough to absorb all those finishing higher ed-
ucation, regardless of the ficld of study. Even among those professionally trained, there

are likely to be relative surpluses and shorfages.

Generally, the salaries paid to high-talent manpower in science, engineering, and
managerical positions in most of the Level 11 communities are sufficient to attract young
people to train for these ficlds, The prestige of the technically trained man is high, and
professional management is more highly regarded as a career than in the lesser developed
arcas, Government adminisirative posts also carry high prestige and high salaries, but
they are no lower than in other professions requiring equivalent education and skills,
Allocation of high-level manpov/er by other means than the relative salary structure

has advanced somewhat in Level 11l communities, 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
generally the employment opportunities for these people are sufficient without the

assistance of formal placement procedures.

Level IV Communities

The typical communily in the fourth level of human resource development is in an advanced

industrial economy. It is capuble of making major scientific, technological, and organi-
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zational 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 to 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 arc still sub-
stantial, For example, Level IV communities have over 3 times more students enrolled

in first-level (primary) education than do Level | communities and about one-{ifth more
then Level 11l communities. Even the percentages enrolled in scientific and technical
facilities are higher and those enrolled in humanities, fine arls, and law are smaller in the
advanced communities than in the communities of the lower levels of hunian resource

development. Finally, the advanced communities spend nearly one-thitd more of their

income on public education than do Level !ll communities.
From the general description of the levels of development, a number of variables were

selected on the basis of their availability at the local level and how they reflected the

level of development at the community level,
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APPENDIX B

THE WATER AND WASTEWATER TREATMENT PLANNING
MODEL DATA SHEET

General Information

1. Location of Community

City Name

State or Province

Country

2. Planning Group or Agency

Demographic = The raodel requires some hasic population data for the purposes of
capacily 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 cither 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 treaiment facility is going to serve.

Actual population or estimate the following:

(1) Between 500 and 2,500 pcople
(2) 2,500 -15,000
(3) 15,000 - 50,000

(4) 50,000 - 100,000

(5) Source

2. Annual population growth rate or estimate in the following:

(1) Less than 1%

————

(2) 1% -1.5%

et et
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(3) 1.5% ~ 2.0%
(4) 2.0% - 2.5%
(5) 2.5% - 3.0%
(6) 3.0% - 3.5%
(7) 3.5% - 4.0%
(8) Greafer than 4%

(9) Source

B. Population estimate af last census

Date of Census Source of Census

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

Socio-Fconomic 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 devel-
opment. The approach has been to request information that is gencrally avaiiable
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 QUESTIOMS

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

High Technical
Level None Primary Sehool Institute College
(1) 95% 4% 1% 0% 0%
(2) 70% 19% 7% 3% 1%
(3) 55% 22% 14% 6% 3%
(4) 9% 34% 42% 8% 7%

(5) Other




2. Average distribution of labor force in the community.

Level Unskilled Semi-Skilled Professional
(1) 97% 2% 1%
) 80% 16% 4%
(3) 61% 27% 12%
(4) 45% 30% 25%

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

amount unit

If available, also check the approximate U.S. dollurs 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) lLess than 10%
(2) 10% - 25%
(3) 25% - 50%
(4) 50% - 75%
(5) 75% - 100%

5. Arc there any primary and secondary schools operated by voluntary or missionary
organizations rather than the government itself?

(1) Yes (2) No

————— ——— Sttt gt
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What is the highest grade offered by local schools on u regular basis?
(Circle one)

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

If the number selected in #6 above is less than 12, how far away is the near-
est high school offering the 12th grade?

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

(2) 10 - 30 miles (or 16 ~ 48 kilometcrs)

—— s

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

(4) Greater than 50 miles. (Grealer than 80 kilometers,)

8.

9.

10.

(5) Other (specify)

Are there any technical or vocational schools in the community ?

(1) Yes (2) No

Has the community achieved compulsory primary education of at icast six
years?

(1) Yes (2) No

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

(1) Yes (2) No

O ) ——

1.

12,

13.

Is there a college or universityin 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

e —— s

poor.

(2) Limited ability 1o repay; however, the benefits exceed the costs.

————

B-4



(3) Repaymenrt prospects are good; the beneficiaries have relatively ..igh
incomes.

14. Is unemployment widespread?

(1) Yes (2) No

15. Are advisory services widely available to farmers for community development or
for other programs designed to upgrade the skills cid enlist the participation of
the inhibitants?

(1) Yes (2) No

16. Do most college or university students of the community receive their educa-
tion in neighboring communities, neighboring countries, or other foreign
countries?

(1) Yes (2) No

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

(1) Hand 1ools only

(2) Mcchanical tools (i.e., gasoline powered equipment)

(3) Chemical products (fertilizers, chlorine)

(4) Clectronic technolagy

18. Does the government dominate the labor market?

(1) Yes (2) No

192.  Are public employment services readily available?

(1) Yes (2) No

Questions 20-23 relate to the availability of materials and equipment. Check those
items that are never available in the community.

20. Operation equipment. Which of the following are never available in the local
community?

(1) Water nieters

(2) Soldering equipment

(3) Acctylene torches

e e



(4) Recording devices ~ such as thermostats
(5) Laboratory equipment i.c. iest tubes

——

(6) Portable power plants i.e. gasoline powered electric generators

(7) Motors i.e. *~3 horsepower electric motors

______(8) Water pumps

21. Process materials. Which of the following are never available in the local
community?

(1) Pipe (clay, stcel, cement, plastic, copper, etc.)
(2) Pipe fittings

(3) Paint

(4) Valves

(5) Tanks

(6) Vacuum gauges

(7) Heat exchangers

22. Operation and Maintenance .upplies: Which of the following are never avail-

able in the local community?

7
7

(1) Silca sand

(2) Graded gravel

(3) Clean water

—

(4) Gasoline

23, Chemicals supplics: Which of the following are never available in the local
community?

(1) /1\|2(SO4)3 (aluminum sulfate)

——

————e.

(2) FeCl:3 (ferric chloride)

(3) Activated charcoal

————e

(4) CaO (lime)

—————



(5) I\!cCo3 (Soda ash)

—————s

(6) Cl

— 2

() 0oyl

(Chlorine)
Ozone)

(8) Laboratory chemicals

24.  Major Water Source (check appropriate category)

(1} River or stream

————————

(2) Lake or impoundment

—e.

(3) Wells

——

(4) Sea or brackish

25. Approximate per capita water demand (daily)

(1) Current demands in (units)

(2) 10 year projection:

26. s ground water available?

(1) Yes (2) No
27. Are wells alrcady drilled? Current Capacity? mgd
(1) Yes (2) No

28. s a central wastewater collection system in existence?

(1) Yes (2) No

P —————

29. s the following wastewaler 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 %




30,

Are indusirial and commercial concerns using the wastewater system and if so,

in what quantity (in thousands of gallons)?

(1) Currently

(2) Within 5 years

(3) Within 10 years

Row Water Quality ~ The purpose of this section is to provide as input to the
model the results of tests that have been carried out on the inpui or raw
water, Presently, the results of seven tests are requested; however, only two

are required, iurbidity and coliform,

(1) *Number of coliforms

(2) *Turbidity
(3) BOD
(4) pH

(5) Dissolved oxygen

(6) Temperature

(7) Chlorine

WasteWater Quality:

(1) *Hardness

(2) *Total dissolved sulid

(3) *Dilution

(4) *Fe ond Mu

*Data needed for the predictive model
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(0 —»14)
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(°C)
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(mg/1)
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(CFS/1000 PF)

(mg/1)



APPENDIX C

PROCESS COST DETERMINATION

The procedure is as follows:

Step 1.

Step 2.

Determine for each treatment process the percentage of the total
cost involving labor and muterials. As an example suppose con-
struction of a sccondary standard filter installation cost analysis
showed 50% material. Operational costs might break down as
80% labor and 20% material .

Labor costs are further divided into skilled and unskilled.
Materials are divided into the percent that can be purchased
in-country and the percent that must be imported.

Steps 1 and 2 are shown as follows with typical percentages for the szcondary standard

filter process. These values differ with population size and from country to country, de-

pending on fechnology level:

An Example of the Percentage Labor and Matcerial for the
Consiruction ond the Operation and Meintenance
of the Secondary Standard Filter Process

A. Construction Cost

Process

No,

Percent Percent
Process Labor Unskilled Skilled Material In-country Imported

PSé

Secondary
Standard  50% 30% 20% 50% 40% 10%

Filter

B. Operation and Maintenance Yearly Costs

Process Percent Percent
No, Process Labor Unskilled Skilled Material In-country Imported
Secondary
PS6 Standard  80% 60% 20% 20% 5% 15%

Filter
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To determine costs of construction or operation and maintenance for less developed

countries by using U.S. costs, the following formula is used:

_ LDC, | LDC
CLDC —CU.S. [(Lunskilled X U_S-) + skilled U.S.)
LDC LDC
¥ (Min-couni‘l'y X U-._S—.) ! (Mimpor’red % U.S.):,
where:
C = cost
L = |dbor percent of cost
M = moterials percent of cost
LDC = less developed countries
U.S. = United States

The actual values for cost of labor and materials were collected for the resource malrix
described earlier. From this data the cost transfer coefficients will be calculoted, ond
total per capita cost for construction and operation and maintenance will be avaoilable

for avaluation in the selection of the most apprepriate (leost cost) freaiment process.

The determination of the total cost for the water and sewage ireoiment process is as

follows:
X X
(constructicn) C. =CPI(X,.) (_2_1_) (X (___g_l_)+
2 1 11 X22 12 X32
X2'| X3.|
(maintenance) C3 =C5(P)[(X”)(>-Z—2—5) +(X]2) (—Xg;) 4 (X4]) (X5])

#(Xyp) (Xs,)



Consequently the total cost over a twenty year period is:

c,=C,+C, (20)

4 "2 73
Where:
C] = Total construction cost per capita in U.S.,
C2 = Total construction cost for the process,
C3 = Total maintenance cost for the process for one year,
C4 = Total cost for the process for 20 years,
C5 = Total maintenance cost per capita in U.S,,
P = Population served,
X” = Percent Unskilled Lubor--LDC,
X]2 = Percent Skilled Labor~-LDC,
X2] = Hourly Wage Unskilled Labor--LDC,
X22 = Hourly Wage Unskilled Labor--DC,
XS] = Hourly Wage Skilled Labor--LDC,
X32 = Hourly Wage Skilled Lebor--DC,
X4] = Percent on-site materials manufactured,
X42 = Percent off-site materials manufactured,
XS] = Cost on-site materials manufactured--LDC/DC, and
X52 = Cost off-site materials manufactured--LDC/DC,

The above variables will differ depending on the technological or development level of
the community under consideration, Variations will also occur because of the size of

the population served. For example, larger populations generally have a lower per capita



cost for water and sewage freatment, For the purposes of figuring the costs on a per

capita basis, communities were broken down into four population groups:
1. 500- 2499
2. 2,500 - 14,999
3. 15,000 ~ 49,999

4, 50,000 -~ 100,000



APPENDIX D

Cost and Manpower Parameters for Selected
Water and Wastewater Ticaiment Processes
by Socio-technological Level and Scale*

*These data cover processes PW1 through PW10, and PST through PS10. PW11 and PS11,
12, 13, and 14 require aodditional information. All these data are based on modified

U.S. experiences. Sec Appendix C, New data, for the global network and other sources,
are under development.
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TABLE D-1

- Per Capita Cost Parameters in U.S. Dollars &

Operation

~

& Maintenance Manpower Requirements
Process: No Treatment (FW1)

R - MAN 15
Fopulation Socio-Technological Levels® X J:hPOxFR
Scale (# of workers)
Level |Type of Cost I 11 IIT Iv Unskilled | Skilled {Professional
Construc—
! tion 8.65 6.43 5.5 | 4.0
(500- Cperation
2,499) & Main-
tenance 0.50 0.990 1.07 2.02 d
Cons=:ruc-—
2 tion 2.16 1.5 1,48 | 7.50
(2,500 | Operation
-14990, & Main-
tenance 0.31 0.56 C.44 $.25 2
3 Construc—
tien 1.08 C.80 C.64 0.75
(15000 | Operation
- & Main-
49392) | tenance 0.12 0.23 0,21 |9.72 4
4 Construc-
tion C.72 0.33 0.27 0.32
(50000 | Operation
- & zin-
100000)} tenance 0.05 0.13 9.16 0.35 g
o Ui o . .

* For a complete



TABLE D~2 . Per Capita Cos

Operation & Maint

D rr
v
o]
0

Process: Pre-Treaimant {7\VI)
Population . . . . SANFOWER
~-Tecnr ja Leov ¥ " B
Scale Socio~Technological vels (% of -orkers)
Level [Type of Cost I 1T 11T Y Unsrilled | Skilled [Trofessional
{
1 Construc-
tion .87 10,78 12,51 54,39
(500- Operation
2,499) & rain-
renance 3.27 2.95 2.19 [4.00 ! 1
2 Ceonstruc—
tion 7.29 8.85 10.56  112.¢
(2,500 | Cperation.
-1499¢) & Main-
tenance 1.53 1.35 1.0 2.03 i 1
3 Construc-
tion 4,86 6.95 7.59 8.C0
(15000 | Operation
- & Main-
49992 tenance n 3 Q.42 1.00 =
4 Construc-
tion 22 1.49 2.03 2,00
(50000 | Operatioen
- & Main-
100000)! tenance 0.37 0.31 0.50

* For a complete description of these levels see Appendix
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TABLE D-23 .
Operation & Maintenance Manpower Requirements
Slow Send Filier (PW3)

Per Capita Cost Parameters in U.S. Dollars &

Frocess:

Population . e . I MANPOWER
. Socio-Technolegical Levelss r .
Scale (# cof workers)
Level |Type of Cost | I 11 I1T v Unskilled | Skilied |{Professional
11
1 Censtruc-
tion 12.65 14,50 16,00 [20.00
(500- Operation
2,439) & Main-
tenance =~
© 1.32 2.C0 2.33 5.00 1
2 Construc-
t1on 9.03 11.72 i1.85  4.78
(2,500 Operation
-14999) & Main-
tenance 0.40 0.70 1,02 2.25 2
3 Construc—
tion 6.33 7.18 7.68 10,00
(15000 | Operation
- & Main-
49929) tenonce - -~ - . e —
' L33 C.08 0.73 i.25 )
P ! Construc-
4 .
~101 3.85 .98 2.72% 6.25
(56020 | Operasion
- & Main-
1NN Ay -~ e —_——
J_O\IOCO) ceilance C‘.L”v .35 0.4‘4 O./:) 5:
* For a complete description of these levels see Appendix A.
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TABLE D-4 . Per Capita Cost rarameters : irs &
Operaticn & Maintanance slznpower Reguirements
Process: Repia Szng Filior=Conv, (- V4
Fepulation e .. - S MANPOWER
. Socic-Technolngical Levels® (4 At ;
Scale (4 oI workers)
Level |ivoe of Cost | T g 11 117 v Unskilled | Skillied [Trofessional
1 Construc—
tion .51 9.24 14,56 11.20
(500- Greraztion
2,4329) & Main-
tenance . —
B 1.80 2.20 2,17 4.0 1 1
9 Construc-—-
tion 7.47 7.26 17.57 3.29
(2,500 | Operation
-14999) & tain- )
tenance 0.99 1.10 1,02 2.00 1 i 1
3 Construc-
tion 4.24 £.58 5.25 5.02
(15000 Operation
- & Main-
o - - . =
49999) | tenance 0.79 1.05 112 1.7 S 2 1
4 Construc-—
tion 2.25 2.95 2.53 2.65
(50000 | Operation
P
- & Main-
100000)] tenance 0.67 0.90 0.¢9 |1.50 i0 3 1

* For a complete

description of these levels sce Appendix A.
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TABLE D-5 .

Per Capita Cocst Parameters in
Operation & Maintenance Manpower

Process: Repid Sand Filter-Adv. (FW5)

U.S. Dollars &
Requirements

5 - MANPOWER
“ozziizlon Socio~Technological Levels® (# ;ﬁ‘vggbirq)
Level |Type of Cost I 11 I1T iv Unskilled | Skilled |{Froifessional
Construc-
! tion 222,61 |220.21 | 272.35 | 269.50
(500- Operation
2,459) & Main-
’ tenance 19.77 15.77 14,79 17.77 ] 1 !
Construc—
2 tion 72.75 63.00 61.61 47.10
(2,500 | Operation
-14999)% & Main-
tenance 13.37 10.67 G.é0 12.02 1 1 1
3 Construc—
tion 22.44 26.59 22.04 21.00
(15000 | Operation
- & Main-
49929) tenance 9.90 7.4 7.1 £.90 6 2 2
Construc-
4 .
tion 15.60 12.84 10.77 10.10
(50000 ! Operation
- & Mzin-
100000)] tenance 4 .95 3.93 3.55 4.45 10 5 2

* For a complete description of these levels see Appendix A.




Per Capita Cost Parameters in U.3. Dollars &

Softening 7S]

Operaticn & Maintenance Honpower Requivements
Process:

Population

Socio-Technological L

CEL I S d TIY ™y
MANTOWER

9-a

Scale # of werkers)
Level [Tyre of Cos 1 T TTT | Skilled |Frofessional
1 Construc-
tion 255.95 221.62 215.41 N
(500- Operation
2,459) & Main-
tenance — -
e 14.53 1.9 10.72 . 1
9 Construc-
tion 172.69 149,53 146.23
(2,500 | Operation
-14999% & Main-
tenance 3.83 7.05 6.37 1
3 Construc-
tion 27.50 104.82 23.91
(15000 | Operation
- & Main-
49999) tenance 6.54 519 4.70 B 5
4 Construc-—
tion £3.95 52.41 4416
(50000 | Operation
- & Main-
10000C0)| tenance 3.97 2.40 2.35 5

* For a complete description of these levels see Appendix




TABLE D-7 .

Per Capita Cost Parameters in U.S. Dollars &

Operaticn & Maintenance Manpower Requirements

Process: Disinfection (P\V7)

i HANPOWE
Pogziizlon Socio-Technologicai Levels*® (# ;c vggkgrs)
=z 7 L “ hy
Level |Tvpe of Cost I i1 T11 v Unskilled | Skilled |[Professional
Construc-
1 tion 5.26 5.20 5.43 4.09
(500- peration
2,499) & rain-
tenance 9.29 6.37 5-0'} 5.00 't
2 Construc-
tion 3.05 1.05 1,09 .80
(2,500 Operation
-14999) & Main-
tenance 4.27 2.92 2.30 2.30 i i
3 Construc-
ticn 1.97 2.C4 1.4% 1.50
(15000 ! Operation
- & Main-
4999¢ tenance 2.25 2.16 1.69 1.75 2 1 1
4 Construc—
tiocn 1,52 1.63 1.2 1.2G
(50000 | Operation !
- & Main-
100000)] tenance 2.79 1.25 1.45 1.20 4 1 1

* For a complete

description of these levels see Appendix A.




TABLE D-3 . Per Capita Cost Parameters in U.3. Dollars &
Operaticn & Maintenance Manpowar Fequirenents
Process: Tasie-Cdlor - e, Mn (F.VE)
Population Socio-Techrological Lewvels® ” hf”iG“PR
Scale (# ~{ workers)
Level [Tvpe of Coet I 11 11T iv Unskilled | S{lled |Professional
1 Construc— 500 .45 173 .74 148.87 129.393
tiOﬂ L e, Selr Ca | FA AN
(500- Operation
2,499) & Mzin- 23.41 12.61 16,80 21.04 1 1 1
tenance
2 Construc= 135.47 | 117.30 | 114.71 £7.70
ticen
(2,500 | Operation
-14999) & Main- 15.81 12.61 11.35 14.21 ! 1 1
tenance
3 Censtruc- 49,89 40.89 33.90 32.3C
tion
(1 ) ratiors - -
+13000 | Opezation 11.70 9.29 §.40 10,52 6 2 2
- & Main-
49999) tenance
4 Construc- 94.38 77.35 65.17 61.10
tion
(50000 | Operation .
= & Main- 5.85 4,64 4,20 5.26 10 5 2
100000); tenance

* For a complete description of these levels sece Appendix A.



TABLE D-9 .
Operation & Meintenance Manpower Requirements

Per Capita Cost Parameters in U.S. Dollars &

Process: Desalting - Sclt {(PW9)

Population . . s MANPOWER
Scale Socio~Technological Levelsx* (# of workers)
Level (Type of Cost T. 1T IIT v Unskilled | Skilied |Professional
Construc- - p
1 tion 326.85 | 283.01 | 275.08 | 211.40
(500- Operation
2,499) & rain- 8.23 6.57 5.91 7.40 1 1 1
tenance
Construc-
K tion 233.55 202.23 177.77 151.20
(2,500| Operation-
-14993) & Main- 7.68 6.12 5.81 6.90 1 1 1
tenance
3 Construc~ . - .
tion 167 .44 137.23 113.78 168,40
(15000 ! Operation
- & Main- 5.12 4.06 3.67 460 6 2 2
49999) tenance
Construc— -
4 tion 83.26 68.24 57 .49 53.%0
(50000 | Operation
- & Main- 2.56 2.03 1.84 2.3C iC 5 2
10000C)! terance
% For a ccmplete

description of these levels see Appendix A.




01-a

Per Capita Cost Parameters

U.S.

Dollars &

Raguirements

TABLE D-10.
Operation & Maintenance o
Process: Desalting - Breckish (PWI10)
Pozﬁlizion Socio~Technelogical Levelsw (x iﬁxpgffi s)
oCa b LW LCT
Level |[Type of Cecst I I Iil IV Unskilled | Sikilled |Professional
Construc- s o= a0s 15 co 4 1589 Ani
l tion 2u6.z- ._Ou.]/ ]/z.?‘_ LR RN SV
(500~ Operation _ _
2,499) | & Main- 15.66 12.50 11.25 14.08 1
tenance
2 Construc~ 160.03 | 138.56 | 135.51 | 103.40
tion
(2,500 | Operation
-14999) & Main- 11.74 ?.36 8.43 10.25 1 1
tenance
3 Construc- -
fion 118.48 97.10 80.51 76.70
(15000 | Cperation _
_ & Main— 7.82 .21 5,61 7.03 é 2
49999) tenance
4 Construc~ 59.32 | 48.61 40.96 38.40
tion
(50000 | Operation
- & Main- 3.97 3.15 2.85 3.57 10 5
100000); tenance i

* For a complete description of these levels see.Appendix A.
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TAELE D-11.

Per Capita Cost Parameters in U.S. Dollars &
Cperation & Maintenance Manpcwer Requirements
Process: Primary-Conventional (PS1)

Population s e cenl e o HMANPOWER
Scale Socio-Technological Levels? (% of workers)
Level |Tvpe of Co I 1T I7I IV Unskilled | Skilled |Trofessional
1 Construc- 70.34 | 80.30 | 88.00 88.00
tion
(500~ Cperaticn
2.499) | & Main- 1.65 0.95 1.17 2.5% 1
tenance
: Construc- ,
2 ciom 19.18 21.90 2441 24.00
(2,500 | Operaticn
-14999) & tiain- 1.25 0.75 0.82 1.94 1
teniance
3 | Comstrucs 15.59 | 16.05 16.91 19.50
tion
(15000 | Operation
- & Main- 1.10 0.78 0.77 1.71 2 1
49959) tenance
Construc-
4 cion 12.37 14.35 13.17 15.50
(50000 | Operation
- & Main- G.28 D.69 0.67 1.51 4 2
100000)} tenance
* For a complete description of these levels sce Appendix A.
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Per Capita Cest P2
raticn & Maintenan
.
Process Frimarv =S

—

It

-

ters in

U.S. Dellars &

sanpower Requirements

szbilizeiion Pe=d (P32)

population Socio-Technological Levels™ . HANPOWER
Scale (# of workers)
Level |Type of Cost | I 11 ! 173 g v Unsxilled | Skilled [Professional
Ccnstrue- 4 in 2o == - A
l tion 28. 6 L0 et - e &S é/ PR
(500~ Operation
2,499) & liain- 0.16 0.45 0.60 1.70 1
tenance
2 Construc- 2.55 3.90 5.05 5.00
tien
(2,500 | Operation
-14999) & Main- 0.13 0.35 0.47 1.34 2
tenance
3 Construc- 1.70 2.73 3.17 4.00
ticn
(15000 | Operation
- & Main- 0.12 0.44 0.44 1.26 4
49999) tenance
4 Construc—
ticn 1.64 1.82 3.57 ! 2.70
(50000 | Cperation
- & Main- 0.10 0.35 0.45 0.65 6
100000)} tenance

* For a ccmplete description of these levels see Appendix A.
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TABLE D-~13. Per Capita Cost Parameters in U.S. Dollars &
Operation & Maintenance Manpower Requirements
Process: Siudge-Cenvertional (PS3)

P latio . .. ; MANFOWER
cpu-ation Socic-Technological Levels™ s e .
Scale (# of workers)
Level {Tvypc of Cost I 11 | 111 | v Unzkilled | Skilled |Professional
1 Construe- 162.47 | 136.13 99.40 | 103.72
tion

(500- Operation

2,499) & MXain- g.C4 .69 6.83 12.45 1 i
tenance
Construc- o o o =4 -
2 s ?5.80 80.24 61,24 €1.13
cion
(2,500 | Operation . N .
-14999) & Main- 4.74 3.95 4.03 7.34 i 1
tenance
3 Construc— 70.94 | 2,50 | 49,76 £5.28
tion
(15600 { Operation ) _
- & Main- 3.51 3.21 Z2.84 5.43 2 1
402999) tenance |

Construc— - - -
4 e 26.37 L3 .66 32.33 35.68
cien
(50000 | Opcration
- & Main- 2.78 2.55 2.15 4.3 4 2 1

1000C0) tenance

* For a complete description of thesec levels sec Appendix A.
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TABLE D-14. Per Capita Cost Parameters in U.S. Doilars &
Operation & Maiatenance Yanpower Reguirements
Process: SLc'ge-A(:"~.':‘*ccc (254
Population . . - . e MANTOWER
Scale Socio-Techneleogical Lavelss (# of worners)
Level |Tvpe of Cost I | 1 IiT Y Uns=illcd | Skilled {Professicnal
Construc—
1 tion 201.74 169.07 122.40 | 128.77
(500- Cperation |
2,499) | & Main- -
’ tcnance ]6.43 ]8.30 ]8-48 25.43 ] ]
9 Coastruc—
tion 1¢3.27 87.02 &4.72 85.30
(2,500} Operation.
- & Main- -
145593 = ~atn 5.14 4.28 4.37 7.96 1 1
3 Construc- -
tion 74.42 &5.57 38.30 47.50
(15000 | Operation
- & Main-
49969) tenance - -
‘ 3.48 3.37 2.98 5.70 2 1
. Construc- | _ _
tion 57.87 50.59 33.25 | 34.94
(50000 | Operation
- & Main-~ - -
100000) tenance 2.858 2.62 2.21 4,43 4 2 1

* For a complete

descr

levels see Appendix A.




TABLE D-15. Per Capita Cost Parameters in U.S. Dollars &

Operation & Maintenance Manpower Requirements
. 1 - [} ' -~
Process: Sludge-Combined imhoff (755)

gi-d

atior . . MANPOWET
Population Socic~Technological Levels® I ” A \,R
Scale (# of workers)
Level |Tvpe of Cost I I1 111 v Unskillied xilled |[Prcfessional
Construc-
1 tion 197.16 135.47 151.58 | 13¢4.75
(500~ Operation
2,499) & Main-
tenance 10.60 3.82 ¢.Co 16,47 1 1
Construc-— 1
2 tion 112.23 78.82 83.15 77.65 |
(2,500 | Operation
-14999) & Yain- 6.03 5.02 5.12 .24 1 1
tenance
2 Coenstruc—~ _
tion 70.58 51.72 471.G8 48.96
(15000 Operation
- & Moin-
49999) tenance 3.77 3.47 I 3.07 3.87 2 1
4 Construc- _ .
tion 49 .82 35.51 3i.10 34.586
(500C0 | Cperation
- & Main- . ) )
100000) tenance 2.67 2.45 2.C6 4.14 4 )
* For a cemplete description of these levels sec Appondix A.
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Per Cazita Cost ameters Iin U.S. Dellars
Cperating 4 Mointonanca Monrtowar Roguiro~cnne
Prcce Secordaorv=Stgndard Tiltes 234
Population . . - MANPOWER
P ; Socio-Technological Levels® P :
Scale i (* ci workters)
- p o 7 o g : ; = P = -
Level |Tvoe Of Cost T 131 iOTIT 1v ! Unskilled | Skilled |Professional
|
. Construc-
= tion 112.89 121.59 141.57 37.C0C
(500- Operation
2,499) & Main-
tenance 1.40 1.81 2.Cé6 3.92 1

Construc-—

tion

33.37

£3.23

1S
(9]
n
(@]

(2,500 Operation
-14999Y & MMain- -
tenance 0.81 1.05 1.19 2.27 1 1
3 Construc-
ticn 27.19 30.83 31.22 32.C0
(15000 ! Operation
- & Main- . Lo
49999) tenance 0.64 0.94 C.9i 1.79 4 1 1
4 Construc-
tion 21.84 24.76 23.85 26.50
(50000 | Cperation
- & Mzin- _
100000)] tenance 0.51 0.75 0.70 1.42 6 2 1

* For a complete description of these levels se2 Appendix A.
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TABLE D-17.
Operation & Maintenance Manpower Requirements

Per Capita Cost Parameters in U.S. Dollars &

Process:

Secondary-High Rate Filter (PS7)

Population Sozio-Technolcgical T.evels™ “ nékPOnFR
Scale © (# of workers)
Level {Tvype of Cost I i1 I1I iv Unskilled | Sikilled |Professional
Construc- _
1 tion 336.79 291.31 238.46 | 225.00
(500~ Operation
2,499 & rlain- - _
) tenance 35.48 40.31 40.33 42,15 1
9 Construc-
tion 205.246 177 .54 151.083 179.7%
(2,500| Operation.
-14999Y & Main- - c
oo 4.70 5.30 5.34 | 10.35 2 1
3 Censtruc—~ - .
tion 148.09 135.98 133.13 129.71
(15000 | Gpecration
- & Main-
4993¢%) tenance 1.47 1.73 1.52 3.10 4 i 1
4 Censtruc—-
tion 49.38 45.24 44,460 43,25
(5G000 | Operation |
- & rlain- _
1006000) tenance 0.42 0.52 0.63 0.93 é 1 i
* For a complete

description of these levels sece Appendix A.
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TABLE D-18. Por Crnpiza Cost Tarnmeters In UGS ‘ilares &
Operacison & Moirtononos 10 :r Roguiramenua
Process: Secondory-Acrivorod Silcge (FIE
Population i SociomTarhmniesicnl Tovalss MATDOWER
Sczle QCrOTaemiii b o s o e (# of -rorkers)
Level !7T-ne of Cosct T i 71 | 11z [ %Y Unswilled | Skiliad |Frofessional
: )
Construc—
1 tien 197.05 | 142.47 | 185.48 | 134.00
(5G0- Operztion
2,499) & tlain- , oo
tenance 2.86 3.12 U.Sh 5.20 1 1
) Construc-—
tion 58.82 43.74 54.67 | 40.GC
(2,500| Operation
-14996)Y & Main-
tenance 1.94 2.11 2.26 3.52 2 1
Construc-— _
3 Ciom 47 .06 38.94 31.74 | 32.00
(15000 | Operation
- & Mzin-
49999) tenance 1.64 1.4 1.81 2.98 4 1 1
4 Construc-—
tion 38.23 31.64 25.33 26.00
(50000 | Operation
- & Main- ,
100000)f tenance 1.39 i.64 .45 2.52 8 2 2

* For a complete description of these levels see Appendix A.




TABLE D-19, Per Capita Cest Parameters in U.S. Dellars &
Operation & Maintenance Manpower Requirements
Process: Secondery-Exiended A Aeration {P59)

Population . Yot . . MANFOWER
Scale Socio-Technological Levels™ (# of workers)
Level |TIvpe of Cost 1 11 [ I1T Y Unskilled | Skilled |Professional
|
Construc—-
1 tion 154.00 158.81 255.37 | 165.00

(500- Operation
2,499) & Main-

¢é1-a

tenance 33.27 52.82 38.86 73.]4 ] ]
Construc-
2 tion 102.78 105.59 106.34  [116.12

(2,500 Operation
-14999) & Main-

tecnance 3.38 5.3] 3.96 7.45 2 ]
3 Construc— - . ~
tion £3.67 93.25 B81.45 95.C0
(15000 | Operaticn
- | & Main-
49929) | tenance 1.24 2 .08 i 1.55 2.78 4 1 i
|
4 Construc- i _
tion 23.33 24 .54 21.25 25.C00
(50000} Cperation |
100000)| temance | 0.24 .39 0.28 0.52 6 2 1

* For a complete description of these levels see Appendix A.
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Pepulation TToTER
Scale (4 o7 werxers)
Level {Twpe cf Cest I i Ti (IvT ! v Unskillec | Sxilled |Professional
Construc-
1 tion 32.01 48.72 54.13 24.22
(500- Ozeration
2,499 & Main- -
) tenance 2.12 4.2C 4.23 7 .50 1
Construc-— .
2 tion 42.93 36.41 35.60 | i7.42
(2,500 Operation
-1499G) & Main-—
renance 2.42 2.71 2.73 1.50 2
3 Construc—
tion 20.55 27.86 27.25 15.61
(15000 | Operation
- & Main-
49999) tenance 1.21 2 46 n 17 0.75 4 .
4 Ceunztruc-—
tien 14.10 20.18 16.07 10.71
(50000 | Operation
- & lMain-
100000% tenance 0.58 1.79 1.49 0.356 6 i

* For a complete description of these levels see Appendix A.




