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INTRODUCTION 

The University of Oklahoma 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 adcpfive and innovative technology for
 
water and wastewater treatment process studies that involve unique and
 
adaptive technology.
 

4. 	 Development of a predictive model to help planners select suitabl et writer
 
and wastewater treatment processes appropriate to the material and man
power resource capabiliies of particular countries at particular tiles.
 

This report, first in the series, covers the predictive model's format, data requirements, dotailed 

flow, selection of appropriate costs, and computerization. iHalso includes a test of the mode: 

using all actual case study. 

The model has the ability to bring together a number of critical inputs relating to the effective 

installation and use of various water and wastewater treatment methods, processes, and comribination 

of processes. The output of the model is a list of the plausible alternatives for water and/or waste

water treatment in developing country communities. This output allows planners or project engineers 

to look at all the plausible processes and their related costs, plus the operation, maintenance, and 

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 aspects of the problem, such as technical, economic, social,
 
political, arid cultural factors.
 

2. 	 The assessment of alternative courses of action. 

For those interested, 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 whlnh 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 	model is currently being validated in-house and in the field. The in-house validation 

includes: 

1. 	 Comparison of model ouiputs with data from existing treatment facilities in
 
developing countries.
 

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

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

The field validation work consists of model runs by ubers to determlnv ',f ihc appropriate data can 

be obtained to run the model. The primary objective of this phase of the vulidation process is to 

ensure that input d'ata requirements cun be met in various developing country situations where 

substantial national and/or local environmental, economic, and social data are not generally 

available. In these sit,,ations, the test iswhether the model outputs still provide the design 

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

Although 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 ana experience 

on the identified aIternative- 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 evaluafe several communities in one execution of the 
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program. The second reason for computerization is that, in less developed countries, electronic 

computers are becoming available for use Sy 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 cripable 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 a local computer is not available) 

to use the model as an operational test for planning. In short, ',he manual approach gives the 

model applicability even in the remotest of areas. 

Finally, compuerization also provides a basis for a uniform analysis of planning water and 

wastewaler treatment on a regional or naticnal basis. Presently, the model is limited to 

evaluating the plausible treatment methc.ds for a single cemmunity. However, it contains th,: 

type of information needed for a more aggregate approach of meeting the problem of water and 

wastewater treatment-. It can be easily modified to provide cost information on a regional basis. 

Another irportant point is in-country acceptance of appropriate or sultcble 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 countries are expressing a desire to have the latest type of water and/or wastewater 

treatment facilities now being used in developed countries. Such facili!ie 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 fact, 

this project stemmed from the all too frequent waste of developing countrics resources in attempts 

to build and operate advanced treatment plants, most of which 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 model developed by this project helps design engineers and planners mitigate th

problems created by this desire for high technology. Through the use of this computerized model, 

a large amount of data/information can be processed quickly, and the resultant output will display 
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Such a display will, inthe consequences of all the various actions including all relevant cost. 

most cases, enhance the design engineer's professional judgment. Also, in his defense of the 

that he has a "high technology device"selection of a lesser technology, the designer ccin now sa 

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 

Th*s evaluation will add the prestige of "science" to professional judgment as wellaOternatives. 

as helping formulate that judgment. 

Finally, although the model essentially does the same job done by good designers, it is visible, 

The model can be runinclu.ive, and would be of value as a map for either expert or novice. 


on a computer or operated manually. Both the computer program and manual procedures are
 

provided in technical manuals.
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METHODO LOGY
 

Figure 1 is an overall view of the planning model data flow. This methodology uses 18 in

puts that describe socio-economic conditions, 31 inputs that describe the indigenous resources, 

2 inputs that describe the demographic profile, and 3 hnputs that describe the raw water qual

ity. This constitutes the raw data. The method used to assure the appropriate process sclec

tion takes raw data in two categories (socio-economic and indigenous resources) and reduces 

it through a weighting process to provide a repre-entative community profile. The following 

sketch illustrates this tduction. 

SEighteen Socio- Four Socio-
Economic Dcscriptors Technological Conunil,Leve Is Prorile 

Jescrip tars - ---. _ [Five ResourceThirty-One Resource , " 
Descriptors Categories 

The four socio-technical levels and the five resource categories are used with a rratrix of 

processes, manpower, and rnarial requirements to screen acceptable alternative processes 

for future considerations as sketched below. 

Socio- technological Process by
Comm. Level Manpower Fcasible 
Profi le Requirements Process 

Indigenous Resources Matrix 

The model identifies the basic treatment processes, PWj and PSj. In prcctice, however, 

many of the basic treatment processes are infrequently utilized separately. Consequently, 

these processes are used in combination depending on the conditions of raw water to be 

treated or on the condition of th;, received waste streams. Since water, theoretically, has 

11 processes, there could be (211 - 1) combinations of the water processe- to provide treat

ment. Realistically, about 12 water treatment processes are likely combinations. For wase

water treatment, about 9 sewage treatment processes are candidates. The logic of this screen

ing process is sketched below. 
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Feasible processes based Suitable 4 
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 resoLu:ces. Only the feasible processes will be used to set up combinations of processes. 

The limitation on combinations, in the case of water, relate to initial raw wale, cualiy nrnd/ 

or groundwater or a supervised catchmcnt. The screened combinations are designed to provide 

acceptable groups or sequence of treatments dependii.g on bringing a raw waler level to a 

potable level. For wastewcter, the combination of sewage treatment metlods are based on 

effluent dilution available, which is expressed as a ratio of receiving water volume to waste 

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) nOnd 

socio-technological levels, and a matrix of capital, operation, and maintenance costs is 

constructed. This cost matrix is developed by empirical analysis, regression analysis of de

veloplng 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 

Cost 
S atrix t 

Process, Cost 
estimate, Total, 

Combinations Combna~os 0 & M,power and Man-

Population or Scale 
:J) 

Processt 

Cost 

Finally, the alternative costs are presented 	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 data requirements for the computerized model are shown in Appendix B. 

*These constraints are 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 earlier, Figure 1 outlines the full characterization of the decision variables 

and the steps performed by ]he model to determine the most compatibie processes for a 

community. The stepwise, block-by-block process follows. The blocks are noted in Fig

ure 1. 

Block One 

STF - Social-Tezhnological Factors 

Level of Education 
Distribution of Labor Force 
Income Characteristics 
Percent non-indigenous workers in 

Gov' t and Industry 
School Operuiors 
Highest Grade Offered by Local 

School 
Nearest High School 
Compulsory Primary Education 
Avoilability of in-service Training 

Programs 
Local College or University 
Chemistry in Local Coliege 
Community Fisccl Level 
Unemployment Level 
Avnilability of Extension Services 
Schools of Local Collcge Students 
Level of Technology Available 
Governments as Labor Users 
Availobility of Public Employment 

Services 

four levels of development have been 
Under the socio-technological levels (STL' s) input, 


Each level

that any community could be classified into one of these levels.

established so 
For example, level I represents

represents a different stage of development for a community. 

such as a subsistence type of environment. Conversely, level IV 
a low level of development, 

represents a high level of development, which includes high per-capita income and Jeneral 

This environment is found in many
availability of manufactured goods and related service. 

Levels I and III represent diflarge communities of Western Europe and the United States. 

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 

community's economy. Thus, an " economically underdeveloped" community may be highly 

developed in art, social organization, religion, philorophy, or another non-economic field. 

In economic terms, however, "underdevelopment" means that 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, understood, and have already been applied by the "developed" counlries. 

A numoer of objective measurements of economic perforrance have been devis-d over the 

years which, when applied, demonstrate the above dcinition fairly well. In fact, despite 

the economic measure used (death-rafes, infant mortality, consumption indexes, per-ccrpita 

incomes, etc.), the results are about the same. The "developed" communities tend to clus

ter at the favorable end of the scale. Thus, communities can be roughly differentialed into 

those which provide their people with a relatively good end pioduct of consumption and ma

terial well-being and lose 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 group of people. The variables were selecled on 

the basis of their availabilily at the local level and how they reflecl the level of development 

at the community level. Eighteen socio-economic and socio-cultural /ariables are used; their 

characteristics are briefly 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 conmunity. 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 labor force is expressed in terms of the percentage of
 

professional, skilled, and unskilled workers in the employed labor force.
 

The employed labor 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 aclivies. At
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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. 

3. 	 Income characteristics generally reflect the level of development. A larger 

per-capita income generally denotes high levels of development. 

4. 	 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. 

5-8. 	 These variables relute to the investment that a community has in the educa

tion of its youth. When schools are operated by voluntary agencies or mis

sionary organizations, the level of develonment tends to be at a low level. 

Increases in the standard of living tend to bring compulsory education to at 

least the primary level. The general accessibility of schools fo a community 

indicates the level of development. Generally, the higher the grade offered, 

the higher Ihe level of development. 

9. 	 The availability of in-service training programs reflects the level of develop

ment. These programs are not' generally available in lcss developed areas. 

These programs often become more available as the need for higher skills and 

more expertise intechnical areas is required in the community. These in

service programs may be offered through agricultural extension and commun

ity development programs. 

10-11. 	 These variables relate to the more sophisticatVed 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 characlerisiics. In short, the availability of higher education indi

cates a high level of development. 
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12. 	 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. 

13. 	Rampant unemployment is characteristic of communities at a low 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. 

14. 	 Agricultural extension services tend to improve as the level of develop
ment increases. At low levels of development, agricultural extension 

services and demonstration projects are scarce. In addition, there is a 
tremendous need for advisory services to farmers and other programs to 
upgrade the skills and en list the participation of the rural musses. The 
main 	hurdle at low levels is that the app opriate organizational and 
institutional structures lack the means to implement and administer ex

tension services. 

15. 	 The universities or colleges that local students attend give an indication 

of the level of cevelopmenit. 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. 

16. 	 lhe 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: hand tools, mechanical tools (e.g., gasoline-powered equip

ment), chemical products (e.g., use of fertilizers and/or chlorine), and 

electronic technology. 

17. 	 The government's role in the labor market also gives an indication of 
the level of development. At low lovels of development, the local 
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government tends to be the major employer. As development increases, 

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

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 einploymen;" 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 
Maintenance Supplies 
Chemical Supplies 
Groundwater Availability 

The 	second group of raw data inputs is concerned with ihe indigenous resources available 

(RC) within the community. Data about the local resources and the present technology 

available for ci ccmmunity is based on the variables shown below. The list is made up of 

chemical supplies and mechanical materials needed for the operation of a wide variety of 

water and waslewater trealment systems. The availability of these items is matched, with

in the model, against the requirements of the various processes. Those processes which re

quire materials or resources not locally available are eliminated from the plausible treat

ment alternatives suggested by the model. The data input variables related to the.e local 

resources and materials include: 

1. 	 Operation Equipment: 
a. 	 Water meters. 
b. 	 Soldering equipment. 
c. 	 Acetylene torches. 
d. 	 Recording devices (e.g., thermostats). 
e. 	 Laboratory equipment (e.g., test tubes). 
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f. 	 Portable power plants (e.g., portable gasoline-powered 
electric generators). 

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

2. Process Materials: 
a. 	 Pipe (clay, steel, cement, plastic, copper, etc.). 
b. 	 Pipe fittings. 
c. 	 Paint. 
d. 	 Valves. 
e. 	 Tanks. 
f. 	 Vacuum gauges. 
g. 	 Heat exchangers. 

3. 	 Maintenance Supplies: 
a. 	 Silica sand. 
b. 	 Graded gravel. 
c. 	 Clean water. 
d. 	 Gasoline. 

4. Chemical Supplies: 
a. 	 A12 (So4)3 (Aluminum sulphate). 
b. 	 FeCI2 (Ferric chloride). 
c. 	 Char (Activated charcoal). 
d. 	 CaO (Lime). 
e. 	 NaCO 3 (Soda ash). 
f. 	 Cl 2 (Chlorine). 
g. 	 03 (Ozone). 
h. 	 Laboratory chemicals (e.g., litmus paper). 

5. Water Source: 
a. 	 River or stream. 
b. 	 Lake or impoundment. 
c. 	 Wells (is groundwater available?), 
d. 	 Sea or brackish source. 

Block Three 

DD - Demographic 
Data 

Present population
 
Annual growth rate
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The third group of raw data used as input into the model consists of demographic inputs. 

are designed to be those most readily available. These inputs
These inputs to the model 


include: present population and annual population growth rate.
 

Block Four 

Raw Water Quality 

Number of Coliforms 

Suspended solids 
receiving water 
dilution 

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

This block contains three different measurements:water. 

an indicator of pollution1. 	 The number of the coliform groups of bacteria as 


in terms of parts per million (ppm).
 

2. 	 The degree of suspended solids in the wa!er in terms of ppm.
 

water dilutions as specified by the Biochemical Oxygen
3. 	 The receivin 

Demand (BOD -.5 day, 200) content of the wastewater, or sewage.
 

The above inpuls provide the raw data needed to use the model for the selection of a water and/or 

method for a community in a developing country. Hopefully, these data
wastewater treatment 


then national, regional, or similar data may be sub
are currently available for the site; if not, 


stituled.
 

Block Five
 

Relative Social-Economic
 
Weighting Factors - Wst
 

See Table 1
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Data Sheet Weighting Factors for Technology Level DterminationTable 1. 
for Communities in Less Developed Counhies. 

Possibl" 	 Weighting
Variable Data Sheet Port III 

FactorDescription Question No.'s 1-19 	 Choices 

1 	 0Level of Educ. 5 
3 
2 

10 
4 	 If 

Distribution of Labor 
0force 	 2 
5 

3 
2 

10 
154 

0Income Characteristics 3 42 
8 

4 
3 

12 

15%non-idlgenous workers 
in Gov' t nd industry 4 	 1 4 

2 3 
3 2 
4 1 
5 0 

School operators 5 	 1 0 
2 5 

[liglbost grade offered by local 6 0 0 
1-6 2 

4 
11-12 
7-10 

7 
1012+ 

Distance to nearest high school 7 	 1 3 
2 2 
3 1 
4 0 

Availability of techncal & 
vocational training 8 1 5 

2 0 

Compulsory Piirary Enjucation 9 	 1 10 
2 0 

Availability of inservice train
ing pro.rc'ms 10 2 0 

1 	 10Local College or Univeisity 11 

2 0
 

Chemistry in local college 12 	 1 3
02 

1 	 0Unemployment level 14 
52 

Availability of extension 
services 15 1 3 

2 	 0 

Schools of local college students 16 	 1 0
 
2 3
 

1Level of technology available 17 	
2 

0 
5 

3 10 
4 15 

01Gov't as a labor user 18 
2 	 5 

Availability of public employ- 1 5
 
ment services 19 2 0
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The next phase of the planning technique is to examine the socio-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 weighls were designed so that they are basically derived from the descriptions of the socio

tcchnical levels (STL's) described in Appendix A of this manual. That is, the data form (Appendix 

B)vais developed from the scenario described in Appendix A. Hence, by its nature the weighting 

.;ocss coincides with the levels in the Appendix. However, the weights are somewhat arbitrary 

b(.c<c.use more emphasis has been placed on these indicators, which have proven to be reliable 

indicators of a communify's level of development. For example, educational attainment is a 

good indicator of development and has buen given greater weight than the distance to the nearest 

high school . In the case of the location of the nearest high school, the distance may not be 

imporlant if lhe community has a good transportation system. Again, the weighting process is 

flexible and can be modified to satisfy the requirements of local conditions. The overall ob

iective of the level determi~iatiol, is to classify conunitles into a usable level of development. 

Most communities of interest fall into levels two and three. Fine tuning of the level measurw

ment is not rcquired for successful use of the model, especially when local or regional cost 

data is available. 

The weights ure totaled, ard a socio-technological level is assigned according to the following 

weight schedule: 

Socio-Technical Level (STL) Total Weighted Factors 

1 1-23 
2 24-51 
3 51-93 
4 93-133 

Block Six 

Relative Indigenous 
Resource Weighting 
Factors - W. 
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Block Six depicts the grouping process designed to detennine if a group of related indigenous 

resources is available (see Block Two). The purpose is to group these resources into five general 

categories: 

1. Operation equipment. 
2. Process materials. 
3. Maintencnce supplies. 
4. Chemical supplies. 
5. Groundwater cvai lobility. 

The basic assumption underlying this grouping is that the items listed in the data sheet are only 
representive. If the majority of these items were designated as available, then the group (e.g., 
chemicals) would be considered generally available in the communfl), under consideration. (The
 
majority, herein, is selected as 70 percent.) This judgment value can be altered.
 

Block Seven 

STL - Social-Technological 
Level 

I, II, Ill, IV 

(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 selected 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 to instruction or special training of personnel, which of course is an alternative. 
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1. 	 In Level I communities, only unskilled manpower is available (Category
 
C only).
 

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

3. 	 Level Ill communities have only unskilled and semiskilled labor uLailable
 
in populations under 50,000. In populations over 50,000, Level IIl 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 to construction personnel. Investigation to this 

point han indicated that failure of a project almost aiways occurs during operation and maintenance 

rather than during construction. Therefore, skilled workers required in the cons'ruction stage are 

not included. The occupations required on water and sewage treatment programs in the post-con

struction stage fall into the following categories: 

I. 	 Profcsional (Categoiy A). 
2. 	 Ski llcd arnd craftsmen (Category B). 

3. 	 Unskilled-serniskilled (Category C). 

Category A and B occupations required a substantial amount of special 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 puss 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 industrial revolution. The skills cannot normally be gained away from or outside the 

employing institution because of the nature of the operation 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 Ihree 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 - Rsource Capability 

Indicated by a 
confirmation of 
five categories. 

Block Eight represents the indigenous resource capability of the local community. Any number 

or all five of the resource groups can be available io a community as combinations of the five 

categories. 

The demographic inputs serve as inputs to the population forccasting model (Nlock Nine). 

Block Nine 

POP -- Populaticn Forecasting 

This is also LSCd to 
establish one of the 
four population scale 
levels. 

The fitst portion of the population submodel makes forecasts for the total population of the 

community under study for each five-year planning interval. The routine is in a loop so that it 

is used repeatedly. The model that determines the populalion is very simple; the inputs used are 

the present population and the annual pooulation growlh rate. Although this simple model does 

not take into account other factors that have an effect on the 1pcpulation of a comminity, it 

should give a close approximation of the populaiion if the change is at a fairly 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 iknot 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 w/hat the area would look like if 

"nobody tinkered wilh 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 to 
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 bosed on tihe ST! and the RC of the community. The third input to the 

process feasibilit/ is individual process constraints. The model matches the constraints of the 

processes as shown in Bloc!, Eleven. Table 2 shows the specific constraints. These constraints 

are matched cigciinst t;e 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 elininaled from further consideration for the community. 

Block Twelve 

Schedul, of Acceptable 
Combinations to Bring 
the Raw Water to 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 on input 

into Block 13.
 

Block Thirteen
 

Suitable Combinations 
Based on ihe Community 
Profile and Raw Water 
Qualily 

This block represents a critical decision point in the model. At this point, the artay of ,'. 

,combinations presented in Block Twelve are matched or screened against the individual procc.:st

that have been selected as feasible according to the socio-techn'cal level and Ihe irci.ncuo
 

resource capability of the community under study. The results of this decision anclysis giv,.
 

a list of one or more combinations of processes that can be considered plausible for the cc,,,unity.
 

Only the feasiblu processes are used to set up combinations of processes. The screened c'A),i ,i:
 

provide a sequence of treatments for raw water that bring it to a potable level. For wosieu,.:r
 

the sequence of sewage treatment methods are based on effluent dilution which is oxpressod cI:,
c'
 

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

Block Fourleen 

Schedule of Cost by 

1. Process. 
2. Construction
 

cost.
 

3. Operation and
 
Mrintenance 
cost.
 

4. Manpower re
quiremcns.
 

See Appendix C
 

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

facilities indeveloping countries isbased on U.S. cost. This was accomplished by breaking down
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operation and maintenance costs and construction costs into basic components (i.e., labor, 

material, etc.) for each category of scalE (population) and each technology level. Coefficients 

for a cost transfer equation are produced from socio-economic data collected for the site under 

study. The equation, when multiplied by U.S. cost, produces total operation and maintenance 

and capilal costs for each treatment 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. 

Block Fifteen 

Cost 

1. 	 Construction 
by STL, by 
scale. 

2. 	 Operation and 
maintenance by 
STL, by scale. 

In communilies with limited resources and at low socio-technological levels, the number of 

treatment processes included in Table 2 will be reduced substantially. Block Fifteen represents 

the step in fht model wheie the costs of the remaining combinaiions of processes are determined. 

Three approaches have bcen chosen to determine the costs associaled with the treatment processes. 

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

1. 	 In-counthy or local data. 
2. 	 Regional or national multiple regression. 
3. 	 Empirical formulas. 

Because approaches 1 and 2 are still in fhe 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 Sixteen, is the output of the model. 

The output of the model provides compatible water supply and sc .,':'-y2 treatlment alIternawiv-s 

for a specified community in five-year increments For 20 years. The details provided include: 

1. 	 Total cost over a 20.-year period which includes boih thc capiful or
 
construction 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 servod under the proposed system. 

One further subcharacterizat ion of the combinations of processes as specified by the model can be 

made. The basic classificatlions of PW. and PS. may still require significant variations within lheI I 

categories or combinations selected by the model. In dhort, once the final combination or processes 

has been selected, a final sort is possible manually on Ihe subcategory of PW.'s and PS.'s. For 

example, with slow sand filtration (PW3), the following variations are possible: conventional, 

manually cleaned; upflow; crossflow (dynamic); and dual media. These subprocesses, along with 

their individual process contraints, are shown in Table 4 and are assumed compatlible within thelir 

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

WATER
 

Processes Constra nts 

PW1 No-Treatment 
a. 
b. 

Groundwater (not construction, etc.) 
Catchment Control 

Usually limited by size 
to less than Level IV. 

PW2 Pre-Treaiment 
a. TurT yySand - Plain Sedimentation Level I 

b. Algal Control - Thermocline Control** Level IV 
c. Copper Sulfate (CuSO 4 )"' Level II 
d. Microscreenk* Level IV 

PW3 Slow Sand Filtration 
a. Conventionalmanually cleaned Usually limited by size 
b. LJIrflow** to less than Level IV. 
c. Crossflow (dyncmic)** 
d. Dual mediai 

PW4 Rapid Sand Fihler-Conventional* 
a. Conventional Level III 
b. Surface Aggitation (air, water, mechanical) Level III 
c. Dual media (sand and artificial) Level III 
d. Upf low Level IV 

PW5 Rapid Sand Filter - Advanced 
a. Multi -media (said, garnet, coal) Level IV 
b. Plate or tube seitling Level III 
c. Polelectrolyies (ionic and anionic) Level I\ 
d. Biflow** 
e. Dynamic ** 

f. Valve-less"* 

PW6 Softening 
a. Lime soda Level III 
b. Zeolite Level IV 

PW7 Disinfection 
a. Disinfection-chlorine Level III 
b. Iodine Level IV 

*inc--ludes Fe, CoO, and/or Al for coagulation, mixing, and settling. 
*"Requires more field evaluation at present. 
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Table 4 (Continued) 

Processes Constraints 

c. Ozone Level IV
 
d. Ultra violite Level IV 
e. Lime CuSO 4 Level I 
f. Energy** (Pasteurization) Level II 

PWS Taste Odor - Fe, Mn 
a. Aeration Level II 
b. Zeolite Level I\ 
c. Chlorine Level III 
d. Adsorbent - Char. Level III 

PW9 Desalting - Salt Level IV 
a. Multiple effect 
b. Freezing out 
c. Pressure 

PW1O Desalting--Brackish Level IV 
a. Electrodialysis (ED) 
b. Reverse Osmosis (RO) 
c. Chemical 

PW1 1 Containment Filters 
a. Dunbar* 
b. Coconut fiber/charred rice** 
c. Asbestos/charred pine needle** 

WASTEWATER 

PSI Primary - Conventional Level I 
a. Separate 
b. Combined 

PS2 Primary Slabilization Pond Level I 
a. Sin Ce [ l 
b. Multiple Cell 

PS3 Sludge - Conventional 
a. Conventional Level III 
b. Heated Level IIl 
c. Thickened Level IV 
d. Staged, including mixing Level IV 
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Table 4 (Continued) 

Processes Constraints 

PS 4 Sluclgo - Advanced 
a. Zimpro-Pyrolysis 
b. Incineration 
c. Felilizer 

Level IV 

PS5 Sludge Combined -. lnhoff Level I 

PS6 Secondary - Standard Filter Level II 

PS7 Secondary - High Rate 
a. B--filter 
b. Accelo-filter 
c. Aero-filter 
d. Biosorption-filter 

ilter Level III 

PS8 Secondary - Activated Sludge 
a. Min. solids -

b. Conventional 
Level IV 
Level IlI 

PS9 Secondary Extended Aeration (Oxidalion Pond) 
a. Dutch ditch 
b. INKA 
c. Aerated lagoon 

Level III 

PS10 Disinfctlion - Chlorine Level II 

PS1I Aqua - Culture 
a. Fish, culture-mi lkfish, tilapia, bass 
b. Vascular plants - Hyacinth, Kang Kung 
c. Ecological 
d. Irrigation 

Level I 

PS12 Dilution 
a. Coarse screens 
b. Fine screens 
c. Chemical Precipitation, Guggenheim 

Level III 

PS13 Individual 
a. Seplic tank 
b. Clivus multrum 
c. Sanitary pit privy 

Level I 
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Table 4 (Continued) 

Processes Constraints 

PS14 Individual (Advanced) 
a. Chemical 
b. Thermal 

Level III 
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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 installizctions. However, there is not necessarily a multi-unit physical system 

associated with every treatment operation. For example, individual PS13's can be built, 

supplied, and maintained by an oroanization, but they are physically limited to a single family 

unit. A further ossumption is that the individual systems (family units) are reasonable competitive 

with the other processes or combincltions which are subject to lhe constraints specified in Table 4. 



A TEST OF THE MODEL 

A test was conducted for the community of Nakuru, which is locct'ed in the Rife Valley Region 

of Kenya. The first page of output for the model is contained in Tcble 5. For each community 

evaluated, the computer program generates Five pages of output. Th,, firs] output page is generated 

for the base year, which in the case of Nakuru was 1974. The process 2ombinations listed on the 

left side of the output sheet are those suitable for Nakuru. On the same ,ne with each of the 

processes are the initial construction costs of the project, the yearly maintc'ance cost, the total 

cost over the life of the project, and the manpower required by three cat egors of skill level. 

From the processes listed, the program determines the one with the luwost total :ost, and this 

process is printed again with a heading indicating that this is the lowesi total cos' procc2ss. This 

output line also contains the population of the community and the approximate plant scale. The 

plant scale which is determined by the STL level of the community, is the approximate daily 

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

The output for Nakuru contains most of the possible process combinations, In other situet0ions, 

the number of feasible combinations may be much smaller because the process requiremnents could 

not be met by low resources and manpower. Basic processes may be eliminated by the lack 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 rnessaqe 

will be printed to indicate this. 

The wastewater treatment processes are treated in essentially the same manner as the '.ater 

treatment 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 fhe projecled or 

present population and the approximate plant scale in gallons per day. For the base year, the 

default population is the same as that used for the water treatment. Different populatlion para-. 

meters can be specified in the input data. 

If the low maintenance option is desired, it can be specified by selecting alternative 2 in No. III

13 of Appendix B. When this choice is selected, the lowest maintenance cost process is selected 

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 Planning Model Output for the Base Year Showing the Selected Processes 
and the Related Costs and Manpower. 
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It is the lowest maintenance process available. In the Nalkuru example, an examination of 
the results shows that the lowest totol cost water treatment plocesses selected are also those 
which have the lowest yearly mainterunce. However, the lowest total cost wastewater 
treatment processes in this example or in the testing of oiher examples did rt always give 
this result. In cases where there is not a central wastewater col!eolion system, the model 
does not investigate for a suitable wastewater treatment process. 

Table 6 gives the output of the second page of the IIckuru printnd output. At this point, 
the population was projected for five years to 1979. The waler and wastewatcr treatenint 
costs were again compuied for the various processes selected and in each case the lowest 
total cost trcatment method was repeated with the population and plant scale data added. 
In this particular example, the lowest tolciI cost process for water treatment is no treat.

ment and disinfection (PW1 + PW7). For wastewater treatment, the lowest iotal cost 
feasible combination is the primary-conventional end the sludge-conventionn processes 
PSI -r PS3). Table 7 gives the results of simulation for 1984, and these show c:nain 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 6. The P!cnning Mode! Output for the Base Year + 5 Years Showing the Selected 
Processes and the Related Costs and Mcnpower 
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Table 7. The Planning Model Output for the Base Year + 10 Years Showing the Selected 

Processes and the Related Costs and Manpower. 
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Table 9. The Planning Model Output for the Base Year + 20 Years Showing the Selected 
Processes and the Related Costs and Manpower. 
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SCOPE AND LIMITATIONS OF THE MODEL
 

Since the perspective of the model is global, a large array of treatment processes are con

sidered potential candidates for the trcatment of water and wastewater. The array of pro

cesses is open to expansion as new ideas are tested 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 ru.al community are: 

W ter Wastewater 

PVI No Treatment PS2 Primary Stabilization Pond 
PW2 Pre-Trealment PS3 Sludge - Conventional 
PW11 Containment PS4 Sludge - Advanced 

PS1I 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. 

Thu model initially was limited to organized communities or nucleated villages that range 

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

a minimal syslem. Individual family systems would be acceptable, if they are collectively 

managed, etc. In high population concentration areas, 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 profesrional 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 still 

be achieved. In fact, one alternative would be to arrive at the community level by simply 

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

'D. Donaldson, " Progress in the Rural Water Programs of Latin America," Bulletin of the 
Pan American Health Orclanization, 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) usc system, 

and (4) disposal system. Water resources refers to location, quantity, and quality of avail

able 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 f,om 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 usec 

water and its content of wstes away from the household and returning it to the ervironment. 

The water treatment phase of the study deals only with treatment of Ihe v/ioer somewhere 

between the source and the ultimate user. This technique is bounded on one side by waler 

procurred from reservoirs, wells, and pipelines and on the other side by the distribution 

system such as c grid or hydrant. Both sides are considered fixed, but procurement rnd 

distribution methods do affect trealment costs, to 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 constraint 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 os processes, activities, trajectories, and 
syrtems. 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 thai any' community 

would be classified rather easily into one of these levels. The stage of development was 

defined as the sum of the socio-cultural and socio.-economic factors 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 I Communities 

Level I communities are those whose economic and social progress is dependent upon 

continued employment of outside high-level manpower in a wide variety of core posiiions 

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 I community is 

essentially an agricultural society, with the majority of the population being rural 

or nomad~c. The bulk of the rulal population surrounding the community is engaged 

in subsistence activitias contributing marginally to the m:iarket economy. 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 dlerical, teachers, supervisors, and senior craftsmen. In many of these communities, 

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 Level I 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 Level I communities is underdeveloped at every level. It reaches only 

a small fraction of the population; its quality is low; and it is incapable of meeling 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 Level I communities 

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

repeaters and drop out again. 

Level II Communities 

Level II communities could also be called "relatively advanced" ones. These partially 

developed communities for the most part are still dependent upon the more advanced 

communities or central cities for critically needed scientific and engineering manpower. 

But they arc: able to pcoduce the greater part of lheir own non-technical high-level 

manpower, such as teachers, managers, and supervisors with some assistance from ad

vanced countries or othei areas within the country. They ac'e stil: unable to develop 

enough strat egic high-level manpower (particularly engineers, scientists, and highly 

quolifiect teachers) to progress on the road to industrialization 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-,lalion produces at least some commodities which are sold for cash. In some areas 

there is a n ,cL'us ot modern indushy 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 I communities, as are the systems of trans
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portation and communication. Thus, the modern sector of the community is larger and a 
great deal more complex than that in the Level I community, and government employment 

no longer dominates the labor market. 

In nearly all Level II communities, there is widespread consciousness of the need for
 
rapid economic and social development, 
 yet in most cases thcre is no clear-cut sirategy 
for achieving it. Bul in comparison with Level I communities, there is more w idces, ad
 

participation of the people in the political life of the community and, consequently,
 
greater pressure for expansion of education and general improvement in the standards
 

of living.
 

Level IIICommunities 

In terms of human resource development the average Level III community has travelled 
about half the distance betveei the partially developed (Level II) and the advanced 
communities (Level IV). The secondary school enrollment ratio is three limes higher, 
and their primary enrollment is 50 percent higher. The semi-advanced community 
(Level Ill) has avilable practically all of the high level manpower thla it needs except
 
for lhose occupalions requiring scientific and technical personnel. 
 Allhough shitages
 
of scientists and engineers persist, they are not great enough to prevenl 
 the communily
 
from successfully importing and adapting modern technology wilhout substantial external
 
help. In short, the Level Ill 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 quanlity and quality of high-level manpower in the Level III communities is far 
below those in lhe advanced communities. The Level III community is a follower 
rather than an originalor of scientific, engineering, and organizational innovations. 
Actually, a community in this level has a broad base of primary educalion with generally 
well-developed secondary 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, too many people are being trained 

in fields for which the prospective demand does not match the supply. Industrialization is 

well advanced in Level Ill communities. Most of thern 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 ihe less developed communities, some of the Level III communities have 

surplused of unskilled human resources. There is a relaiive surplus among certain types 

of university giaductes. 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 field of study. Even among those professionally trained, there 

are likely to be relative surpluses and shortages. 

Generally, the salaries paid to high-talentmanpower in science, engineering, and 

manageric'al positions in most of the Level III communities are sufficient to attract young 

people to train for these fields. The prestige of the technically trained man is high, and 

professional management is more highly regntrded as a career than in the lesser developed 

areas. Government administrative posts also carry high prestige and high salaries, but 

they are no lower than in other professions requiring equivalent educatinn and skills. 

Allocation of high-level manpower by other means than the relative salary structure 

has advanced somewhat in Level III 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 community in the fourth level of human resource development is in an advanced 

industrial economy. It is capable 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 stilI sub

stantial. For example, Level IV communities have over 3 times more students enrolled 

in first-level (primary) education than do Level I communities and about one-fifth Iore 

then Level III communities. Even the pecentages enrolled in scientific and technical 

facilities are higher and those enrolled in humranities, fine arls, and law are imaller in the 

advanced communities than in the communities of the lower levels of human resource 

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

income on public education than do Level HI 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 arid how they reflectedlthe 

level of development at the community level. 
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APPENDIX B
 

THF WATER AND WASTEWATER TREATMENT PLANNING
 
MODEL DATA SHEET
 

1. General Information 

1. 	 Location of Community
 

City Name_
 

State or Province
 

Country 

2. 	 Planning Group or Agency 

The rrodel requires some basic population data 	for the purposes of
II. 	 Demographic 

capacy -[anning. 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 

sourIce. 

Answer 	cither A or B. 

A. 1. 	 Present Population - The figure or estiiTicte of the present population 

should reflect the number of inhabitants that the proposed water or 

wastewater treatment facility is going to serve. 

or estimate the following:Actual 	populaion 

(1) Between 500 and 2,500 people 

(2) 2,500 - 15,000 

(3) 15,000- 50,000 

(4) 50,000 - 100,000 

(5) 	 Source 

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

(1) Less 	than 1% 

(2) 1%-1.5% 
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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) Greater than 4% 

(9) Source 

B. Population estimate at last census 

Date of Census Source of Census 

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

Ill. 	 Socio-Economic Daia - The purpose of this section is to gallher enough information 

about the community so that it can be classified into one of Ihe four level-, of dovel

opment. The approach has been to request information ihot is generally cvaiiable 

and can be obtained on a local level. Please include any other information you 

feel is relevant. 

CHECK THE MOST APPROPRIATE CATEGORY FOR TI-IF FOLLOWING QUESTIONS 

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

High Technical 
Level None Primany Sc1hool 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 
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2. 	 Average distribution of labor force in the community. 

Level Unskilled Semi-Skilled Professional 

(1) 97% 2% 	 1% 

(2) 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. dollars equivalency of this amount 
shown in the following. 

(1) 	Less than $100 

(2) 	$100 - $500 

(3) 	$500 -$1,000 

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

_ (5) Greater than $3,000
 

4. 	 Among the highly skilled and technical workers (for example, engineer, chemist, 
etc.) what percentnge of these is non-local or non-native people. 

(1) 	Less than 10% 

(2) 	10%-25% 

(3) 	25% - 50% 

(4) 50% - 75%
 

_ (5) 75%-100%
 

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

(1) 	Yes (2) No 
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6. 	 What is the highest grade offered by local schools on a regular basis?
 
(Circle one)
 

1 	 2 3 4 5 6 7 8 9 10 11 12 124 

7. 	 If the number selected in 116 above is less than 12, how faraway is the near
est high school offering the 12th grade? 

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

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

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

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

(5) 	Other (specify) 

8. 	 Are there any technical or vocational schools in the community? 

(1) 	Yes (2) No 

9. 	 Has the community achieved compulsory primary education of at jeast six
 
years ?
 

(1) 	 Yes (2) No 

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

(1) 	Yes (2) No 

11 .	 Is there a college or universityin the local community? 

(1) 	Yes (2) No 

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

(1) 	 Yes (2) No 

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

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

(2) 	Limited ability to repay; however, the benefits exceed the costs. 
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(3) Repaymen* prospects are good; the beneficiaries have relatively .,igh 
incomes.
 

14. 	 Is unemployment widespread? 

(1) Yes 	 (2) No 

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

(1) Yes 	 (2) No 

16. 	 Do most college or university students of the community receive thei- 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 tools only 

(2) Mechanical tools (i.e. , gasoline powvered equipment) 

(3) Chemical products (fertilizers, chlorine) 

(4) Electronic technology 

18. 	 Does the government dominate the labor market? 

S(1) Yes 	 (2) No 

19. 	 Are public employment services readily available? 

(1) Yes 	 (2) No 

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

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

(1) Water meters 

(2) Soldering equipment 

(3) Acetylene torches 
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(4) Recording devices - such as thermostats 

(5) Laboratory equipment i.e. test 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, steel, 

(2) Pipe fittings 

(3) Paint
 

_ (4) Valves
 

(5) Tanks 

(6) Vacuum gauges 

(7) Heat exchangers 

22. 	 Operation and Maintenance 
able in the local community? 

(1) Silca sand 

(2) Graded gravel 

(3) Clean water 

(4) Gasoline 

cement, plastic, copper, etc.) 

opplies: Which of the following are never avail

23. 	 Chemicals supplies: Which of the following are never available in the local 
community? 

(1) Al 2 (SO4)3 (aluminum sulfate) 

(2) FeCI 3 (ferric chloride) 

(3) Activated charcoal 

(4) CaO (lime) 
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__ 	 (5) NaCo 3 (Soda ash) 

(6) 	 Cl 2 (Chlorine) 

(7) 	 03 (Ozone) 

(8) 	 Laboratory chemicals 

24. 	 Major Wal-er Source (check appropriate category) 

(1) 	 River or stream 

(2) 	 Lake or impoundment 

(3) 	 Wells 

(4) 	 Sea or brackish 

25. 	 Approximate per capita water demand (daily) 

(1) 	Current dcmands in (units) 

(2) 	10 year projection: 

26. 	 Isground water available? 

(1) 	Yes (2) No 

27. 	 Are wells already drilled? Current Capacity? mgd 

(1) 	 Yes (2) No 

28. 	 Is a central wa tewater collection system in existence? 

(1) 	 Yes (2) No 

29. 	 Is 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 % 

B-7 



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 

IV. 	 A. Raw 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 input or raw 
water. Presently, the results of seven tests are requested; however, only two 
are required, turbidily and coliform. 

(1) *Number of coliforms 	 (MPN/100 inl) 

(2) *Turbidity _(mg/i 	 or JTU) 

(3) BOD 	 (mg/) 

(4) pH 	 (0 -- 14) 

(5) Dissolved oxygen 	 (mg/I) 

(6) Temperature 	 (°C) 

(7) Chlorine 	 (mg/I) 

B. WasteWater Quality: 

(I) *Hordness 	 (mg/l) 

(2) *Total dissolved solid 	 (mg/l) 

(3) *Dilution 	 (CFS/1000 PE) 

(4) *Fe and Mu 	 (mg/I) 

*Data 	needed for the predictive model 
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APPENDIX C
 

PROCESS COST DETERMINATION
 

The procedure is as follows: 

Step 1.	 Determine for each treatment process the percentage of the total 
cost involving labor and materials. As an example suppose con
struction of a secondary standard filter installation cost analysis 
showed 50% material. Operational costs might break down as 
80% labor and 20% material. 

Step 2. 	 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 secondary standard 

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

pending on technology level: 

An Example of the Percentage Labor and Matcrial for the
 
Construction and the Operation and Maintenance
 

of the Secondary Standard Filter Process
 

A. Construction Cost 

Process Percent Percent 
No. Process Labor Unskilled Skilled Material In-country Imported 

Secondary 
PS6 Standard 50% 30% 20% 50% 40% 10%/o 

Filter 

B. Operation and Maintenance Yearly Costs 

Process Percent Percent 
No. Process Labor Unskilled Skilled Material In-country Imported 

PS6 
Secondary 
Standard 

Filter 
80% 60% 20% 20% 5% 15% 
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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: 

C ( LC ( LDC) 

CLDC CU.S* (Lunskilled U.S. skille d C 

(M LDC (M x LDC)1 

in-country xU.S. imported U.S.J 

where: 

C = cost 

L = labor percent of cost 

M = materials 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 matrix 

From this data the cost transfer coefficients will be calculated, ond
described earlier. 


total per capita cost for construction and operation and maintenance will be available
 

for evaluation in the selection of the most appropriate (least cost) treatment process.
 

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

follows:
 

(X 3 1 )(constructic'i) C2 C221MP X 	 211(X+-(X)) 12) 

'22 32 

(X4 1 ) (X5 1 ) (X42 ) (X52 )] 

(maintenance) C3 = C5 (P)[(X 11)(22)
2X2

+(X1 2 ) 32"31 (X4 ) (X5 1) 

+ (X42 ) (X5 2 )] 
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Consequently the total cost over a twenty year period is: 

C4 = C2 + C3 (20) 

Where: 

C = Total construction cost per capita in U.S., 

C2 = Total construction cost for the process, 

C 3 Total maintenance cost for the process for one year, 

C4 = Total cosl for the process for 20 years, 

C = Total maintenance cost per capita in U.S., 

P = Population served, 

X = Percent Unskilled Labor-.-LDC, 

X12 Percent Skilled Labor--LDC, 
X21 Hourly \Nage Unskilled Labor--LDC, 

X22 Hourly \Vage Unskilled Labor--DC, 

X31 Hourly Wage Skilled Labor--LDC, 

X32= Hourly Wage Skilled Labor--DC, 

X41= Percent on-site materials mronufactured, 

X42 Percent off-site materials manufactured, 
X51 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 

C-3
 



cost for water and sewage treatment. For the purposes of figuring the costs on a per 
capita basis, communities were broken down into four population groops: 

1. 500- 2,499 

2. 2,500 - 14,999 

3. 15,000 - 49,999
 

4. 50,000 - 100,000
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APPENDIX D 

Cost and Manpower Parameters for Selected 
Water and Wastewater Ticatment Processes 

by Socio-lechnological Level and Scale* 

*These data cover processes PW1 through F'W1I, and PSI through PS10. PW11 and PS11, 
12, 13, and 14 require additional information. All these data are based on modified 
U.S. experiences. See Appendix C. New data, for the global network and other sources, 
are under development. 
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Population 

Scale 


Level Type of Cost 


Construc
tion 


(500- Operation
 
2,499)1 & Main

tenance 


Construc
tion 


(2,500 Operation
 

-149990' & Main
tenance 


Construc

tiOn 

(15000 Operation
 

- & Maiin
49999) tenance 

Construe-

tion 


(50000 Operation 

- & I.ain

100000) tenaenI,' 
*_ 1 _let 

TABLE D-T Per Capita Cost Parameters in U.S. Dollars &
 
Operation & Maintenance Manpower Requirements
 

Process: No Treatment (PWI) 

1 MNPOWER 
Socio-Technological Levels* (# of: workers)
 

I I Iii V Unskilled Skilled Professional
 

8.65 6.45 5.50 6.0 _ 

0. n 0.90 . 2.00 

2.16 1.] Z.70.48 


0.31 0.56 0.4 2 

1.08 C.80 0,1, 0.o_ __ 

0
 10.25 
 o._ 4.__o 

0.72 0.53 0.5 0.5_ 
i 

I 
0 0c
 

1or__co 0f _epp n i A .
0.06 0.1 


*For a com-piete description of these Levels see Appcndix-- A.
 



TABLE D-2 . Per Capita Cost Parameters in U.S. Dollars 5
 
Operation & 'aintenance r -


Process: 	 Pre-Treetment . ,) 

Population 	 l* 1 -1....
Scale Socio-Technological Levels* ( of rkcrs) 

Level jType of Cost j TI IT j IV Unskilled Skild F _rofessional
 

Construc _____II.7-4 I 12.51 tA.-Constru.87 	 10_____ 
(500- Operation I 	 t 
2,499) 	 & "-ain

tenance 3.27 2.95 2.19 4"00 

Construc
2 tion 7.29 8.S5 10.56 _
_2_._ 


(2,500 Operation
 

-14999) 	 & Main
tenance 1.63 1.35 1.10 2.00
 

3 Construc
tion 4.86 7.5 .00_
6.95 	 3O 


(15000 Operation 
- & Main

49999) tenance .3 62 00 22 
08	 0
Construc-
4 tion 1.22 1.49 2.03 .0


(50000 Operation 
- & Main

100000) tenance 0.4 0.37 0.31 0.50 5 4 

* For a complete description of these !Tevelssee Appendix A. 
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TABLE D-3 
 Per Capita Cost Parameters in U.S. Dollars &Operation & Maintenance Nanpower Requirements 

Process: Slow Sand Fiflcr (?W3) 

~o uiation
PoSuaton I Socio-Technological Levels., V.A $nIO.RNA.OE 

Level 
Scl(I
Type of Cost _II T IV Unskilled 

of workers)
Skilled Professional 

Construction 2.65 J%.50 %.02 . _ __ ___ 

(500- Operation 
_ 

2,499) & Nain
tenance I1o .,2... 2 .00 2 .3 3 5.O0 
Construc

2tion 9.03 11.72 1.5 A. 23 

(2,500 Operation
 
-14999) & Iain

tenance 0.60 0.0 i .0 2.25 
3 
 Construc

tion 6.33 7.18 7.68 0 ._C 

(15000 Operation 

4,9999) tcae 
oC -"Dd 

4 
- tio.-ain 2osrc0.95 j .985. 
 62
 
0 °CO)"2,0, 0.44 {0.5"e-c 0.=5 

(5G000 
 -ert io I-IT 
c% .a in & 


10cocc)tel:ance2a5,1A
 

*For a co."9let.. .. description of 
these levels see Appendix A.
 



TABLE D-4 . Per Capita Cost iaroeters in U.S. Dc-iars &Operation~& M[airntnce ".Tnpc ¢r Rocuircn:ent:s 

Process: .c . d 

Fopulat ion
Scale 

I 
Level !Type o f 

Sa 
C0,s t 

Soci_-______ 

T____I____ 

1 Construc- 959.4 

(500 
2,499) 

eraton 

& -ain-
tenance 

I 
1 .30 2.20 

2 
Construc
tion 7.47 7.26 

(2,500 

-14999 

Operation 

& -,ain
tenance 0.90 .. 

3 Construc-
tion 4 .92A 

. 
5.56 

(15000 
-49999) 

Operation
& Maintenance 0.79 1.C5 

4 
I 
Construc
tion 2.25 2.96 

(50000 
-

100000) 

Operation 
& Main
tenance 0.67 0.90 

Lec['
ia__Lels*___ 

ITT 

-f,:0,
e7- of -:orkors)| 

rofessiona 
sionsial~Sile______ 

14f 12 

2.17 4.00 

.5 03.30 _ 

03 2.00 

5.2 - 5 .0 r 

! 

2.33, 

.7 

J 2.65 

C 

0.89 1.50 10 3 

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



TABLE D-5 Per Capita Cost Parameters in U.S. Dollars &
 
Operation & Maintenance Manpower Requirements
 

Process: 	 Rapid Sand Filtler-Adv. (PVV5) 

Population 

Scale 


Level Type of Cost 


Construc1 o

t-6 


(500- Operation
 
2,499) 	 & "Mfain

tenance 


Construc
2 tion 

(2,500 Operation.
 
-14999 	 & Main

tenance 


3Co ns truc
tcon 

(15000 Operation
 
- & Ml-a i

49999) tenance 

4 Construc

tion _15.60 


(50000 Operation
 

- & .ain
100000) 	 tenance 


Socio-Tech 

III 


Ii


1 1236! 2 0.21 


9.7 7 	 _5.7 


72.75 63.00 

13.37 10.67 


32.'4 26.59 

7.86 


12.84 

4.95 3.93 


l l Levls* 
Levls 

IT IV 

?72.35 1 209.50 

14.9 17.77 


61.61I 47.10 

9.60 	 12.02 


22.04 2 .I0 

7._._! 8.90 


10.77 10.10 

3.55 4.45 

I 
JIiTnoogca 

1
 

1 


6 


10 

MA;POWER
 
(" of workers)
 

_Unskilled
Skilled 	Professional
 

1 1
 

2.90
2
 

5 2 

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



6
TABLE D- Per Capita Cost Parameters in U.s,. Dollars & 
& ,nerat,-. .enpower Requirements 

Process: 	SoienlnD .''; 

Population 
 IA'FOh?

Scale 
 Socio-Technologicai Lev.oels*
Scale ('#of iwe-rkers) 

Level I'7vne of Cost TKT_ IT T TV Unsk il cd Skilled tProtessional
 

255.95
Construc- 1tion 221 .62 215.41 657 

(500- Operation
 

2,499) 	 & ai- I 
tenance I.3 17.91 10.72 13.42 
 1 1
 

Construc-

2 	 Ttion i72.60 149.53 146.23 111.80 

I
(2,500 Operation 


-14999 	 & in
tenance 8.83 7.05 6.37 5.08 2 

4 Construc
tion 9._7. 104.82 PO.8
,O0 C S,.91 


(15000
Oerai3524 
- & Main49909) tenance 6.t5] 	 .7 8 6
 

(15000 Operation
 
t
4 Construc-


t on 63.95 52.4i 22. 6 41.40 

(50000 Operation 
- & Main

100000) tenance 3.27 2.60 2.35 2.94 10 5 1 2 

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



TABLE D-7 . Per Capita Cost Parameters in U.S. Dollars & 
Operation & Maintenance Manpower Requirements 

Process: Dis'rnfection (P\VW 

Population Socio-Technologicai Levels* 	 "eMNPOWER
 
Scale 	 U# of -.orkers)Level IThoe of Cost I I iI III IV UnskilledI Skilled jProfessional 

Construc
1 tion 5.26 5.30 1 5.43 4.00 

(500- Operation
 

2,499) 	 & Main
tenance 9.29 6.37 5.0 5.00 1 

Construc
2 tion 3.05 1.06 1.09 0.80
 

(2,5001 Operation 

-14999) & 'Main
teriance 4.27 2.92 2.30 2.'0
 

3 Construc-
 i 

ticn 1.97 2.04 I.49 1.50_ 

(15000 Operation
 
- & Main

49999) tcnance '25 2.16 1.69 ,.75 2 1
 

Construe

(50000 Operation
 
- & Nain-I
 

100000) 	 tenance 279 1._5 145 1.50 - 1l 

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



TABLE D-8 Per Cnita Cost Para-ctcrs in U.S. Dollars & 
Operation & ;ntcnanc :' 2npcw7r R- -.- ".... 

Process: Tc;;o-Co - Fe, 

Population...."v
Popuatien Socio-Technological Levels* ( 
____Scale 
 T[__ _____

Level T-:Pe of Cc=t T TI TIT I_V Unskilled f:-iiled jProfessional 

Construc- 1
 

2 tion 20. 65 173.74 168,.87 1,9 

(500- Operation
 

2,499) & Main- 23.41 2.61 16.80 2
 
1 ten.nnce
 

2 tonr- 135.47 117.30 114.71 0-7.70 

(2,500 Operation 

-!4999 & Main-81 12.61 11.35 -4.2 1 i 

Construc- 4.8 408 339320
 

t ion 
4tenance 

0 Construc- 49.89 
 40.89 
 33.90 
 32.30
 
tion 

(15000 
Operation
 

49q99) tenance
 

4 Construc- 94.38 77.35 65.17 61 .10 
tion
 

(50000 OperatiLon 

- & Main- 5.85 4.64 4.20 5.26 10 5 2
 
1000001 tenance 
 I I I 

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



TABLE D-9 . Per Capita Cost Parameters in U.S. Dollars & 
Operation & Maintenance Manpower Requirements 

Process: Desalting - Sc!f (PW9) 

Populat ion IMANPOWER
Scale Socio-Technological Levels* o ER

Scal I C- I(# of workers) 
Level Type of Cost 	 I 
 III IV Unskilled Skilled Professional
 

Construc
1 tion 326.85 283.01 275.08 211.60
 

(500- Operation

2,499) 	 & Main- 8.23 6.57 5.91 7.40 1 

tenance 

Construc
tion 233.55 202.23 ?7.77 151.20
j 

(2,500 Operation 	 1
 
-14999 	 & Main- 7.68 6.12 5.51 6.90 1 1 _ 

tenance 

tonru 167.44 137.23 113.78 108.40_
 

(15000 Operation 
- & Ma in- 5.12 4.06 3.67 4.60 62 2 

i9999) tenance 

Construc
4 	 83.26 68.24 57.49 53.901 

(50000 Operation
 
,..ain-ic 2.56 2.03 2.30 10 2 

i00000) terance 

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



TABLE D-10. Per Capita Cost Parameters in U.S. Dollars & 
Operation & ainnancc ,npo:,rR2quirements
 

Process: D0sarirc - Brcc!,ish (FV'1O 

Population
 

Scale Socio-Technolcgical Levels--NPOWER -1 ..; oZ .-orkers) 
Level 1Type of Cost I _ II il _ _V Unlsked Skilled IProfessonal 

Construc

1 tion 205 . 17 ,_.4236. 9 19.,-2 

(500- Operation 
2,499) & !-ain- 15.66 12.50 I 11.25 14.08 1 1 

tenance 

Cons truc
2 tion 160.03 138.56 135.51 103.60
 

(2,500 Operation 
-14999) & ain- 11.74 9.36 8.43 10.55 1 1 

0l tenance 

3) Construc

tion 118.48 97.10 80.51 76.70 

(15000 Operation
 
- & ain- 7.82 6.21 .61 7.03 6 2 249999) tenance
 

4 Construc- 59.32 48.61 40.-6 38.40 

(50000 Operation
 
- & Main- 3.97 3.15 2.85 3.57 10 5 2 

100000) tenance
 

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



TABLE D-11. Per Capita Cost Parameters in U.S. Dollars & 
Operation & Naintenance Manpower Requirements 

Process: Primary-Conventionol (PSI) 

Population Socio-Technologica Leves*OR
 

Level 
Scale 
Ifv e of Cost T IT II 

Construe- 70.34 80.30 88.00 

(500-

2,499) 

Operaticn 
& Main-
tenance 

1.65 0.99 1.17 

2 Cons truc

ontr- 19.18 2.90 24.41 

(2,500 
-14999) 

Operation 
& Main-
tenance 

1 .25 0.75 0.89 

3 Construc-tion 15.59 16.05 16.91 

(15000 

-

49999) 

4 

Operation 

& 'Main-

tena.ce 

Cons truc-
tion 

].10 

12.3? 

0.78 

14.351 

0 

0.77 

13.17 

(50000 
-

100000) 

Operation 
& Main-
tenance 

0.98 
descrptio of 

0.69 
n o 

___ 

0.67 
___ 

IV 
(1 

Unskilled 
of workers) 
Skilled Professional 

88.00 

2.56 1 

24.001 

1.94 

19.50 

1 

] 
1.71 4 1 

I 
15.50 

I 
1.51

IApendix._I 4 
I 

2 

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



Population 

Scale 


Level IType of Cost 


Censtruc-

1 tion 


(500- Operation
 

2,499) 	 & M'-ain-

tenance
 

2 Construc-


(2,500 Operation
 
-14999 	 & ain-

tenance
 

3 Construc-

tion 

(15000 Operation 


- & Main-

49999) 	 tenance
 

4 Construc

tion 

(50000 Operation
 
- & 'Main-

100000) 	 tenance
 

TABLE D-12. Per Cazita Cost Parameters in U.S. Dolla-s &
 
0perati.n :aintennce -'anpower Requirements 

Process: ........ PC (PS2) 

Socio-Technological Levels*AO
 
_____of' 	 ( orkers) 

i I II ITi f IV Unskilled Skilled jProfessional 

30 :--
6.
28.46 	 6.27 


0.16 0.45 0.60 	 1.70 1
 

2.55 3.90 5.05 6.00
 

0.13 0.35 0.47 1.34 

1.70 	 2.73 3.17 4.00
 

.
 

0.12 0.44 0.441.26 	 4 

1.64 1.82 3.5? 2.70 

0.10 0.35 0.45 0.65 6 

* For a complete description of these levels see Appendix A.
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TABLE D-13. Per Capita Cost Parameters in U.S. Dollars &
 
Operation & MIaintenance Manpower Requirements
 

Process: SIudge-Ccnvenionol (PS3) 

Popuatio Lvi* IPWEPopulat ion T Socio-Technoiog-ical Levels* IMANPOWER 
ee
ly( of r:crkers) 

Level Type of Cost _ I _ TIT _ IV Unski led Skilled Professionall 
I 

Construc- 162.4? 136.i3 99.40 103.72
i tion
 

(500- OperationlI
 
-. 8.04 


tenance 

2,499) & ain- 6.69 I 6.83 124 

12.45 1i 
Construe

2 Llof 9- .80 0.26 61 f4 61 .
 

(2,500 Operation
 
-14999 & Main- 4.74 3.95 4.03 7.34
 

tenance
 

3 Construc- 70.94 62.50 40.76 4-.-45.2
 
Lonu-704 6 01
 

(15000 Operation3 H- & .51 321 5.'A 11)si- 1 2.8 2 

4999 9,) te:,a.ce 3.5 
Construc-
 ! 333
 

(50000 0eration 
225fJ~, 21 3&Y~ii4 .. 2 

C
10000 enance
 

* For a complete description of these !evels see Appendix A. 
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TABLE D-14. Per Capita Cost Farameters in U.S. Dollars & 
Opcratio7 & .'itenncc&:apc>:er 	 RZ'j,:ireZents 

Process: ' CI2ud 


Population 	 .ScaleI Socio--Yechnclog-ica!'Levels-	 '
 S~e_______ ______ _______ 
L 

_____ 	 (:of vcr:-:ers) 
_I
Level IT.=e of Cost _ !-1il 	 [ I TV Unskiiicd [ Skilled IProfessional 

Construc- I -t
 
1 tion 1 201.7420 .... 123,._. 112-"77
23/0,,2.7
 

(500- Operation I 
2,499) & Main- I 

tenance 16.43 18.30 18.48 25.45 1 1 

Construc
2 0ion 103.7 87. C2 66.72 65._"30_i i 

(2,500 Operation.
 

-14999 	 & Main- 4.28 437 7.96
 
tenance 5.14 4
 

S tion 	 - 74.42 65.57 38.30 47.50
 

(15000 Operationi 	 I 
49999) 	 tenance 3 .6S 3.37 2.98 5.70 2 1
 

4 Construc
tion 57.87 50.99 33.25 36.94
 

(50000 Operation
 

- & Main
100000) tenance 2.86 2.62 2.21 4.43 4 2
 

* For a complete description of these !evels see Appendix A.
 



TABLE D-15. Per Capita Cost Parameters in U.S. Dollars &
 
Operation & Maintenance Manpower Requirements
 

Process: S ud -Comobned jmloff ( S5) 

Scale oLMANPOWER wres 

Scale of-- workers) 

Population ~~Socio-Technologica:L Levels'"("o 

Level IType of Cost II III 1 IV Unskilled Skilled [Professional 

Construc- 1 6.. 
_tion 
 19-7.6 138. 7 151.58 76
 _ _ 

(500- Operation 
2,499) & Nain- I 

tenance 10.60 8.82 9.00 1 16.41 1 1
 

Construe-
 I 
2 tion 112.23 78.82 88.15 77.85
 

(2,500 Operation I 
-14999 & :sn- 6.03 5.02 5.12 9.34 1-'e1a.c 

3 Construe- !
 

tion 70.58 51t.72 41 .8 48.96 

(15000 Operation 

40 tenance 3.70 3.47 3.07 i3."7 1 

IL Construc- 9.Stion 9.82 36.51 31.10 34.56
 

(50000 Operation! I I- & :.a in- i
 

100O00)j o 2.67 2.45 2 06 1 4
 
For a _ d_ s _____r p i these __ s _ I _ _ _ _ _ _ _ _ _ _ _ _ __AI 

For a complete description of these levelcs see ", oncx" 



T.ABLE D-16. Per Carita Cost Paraneters in U.S. Dollars & 

Pr cc es: S Cz'brv 

Po p u l a t i o n S - n " -ScaI Socio-Tchnological Levels* ' A : O EI-" Pf,Er 
Level__ Sc-' e ____Cost___ Ii______ ____________"_ 

Level TI-e of Cost _ ITT 


Construc- I
tio0n 11l2.89 121.59 1 4l.57 

(500- OPeration
 
2,499) & ain

tenance 1.40 1.81 2.06 


ConstruIc- I 

2ontr 33.37 f 943.23 

(2,500 Operation
-114999 & M"ain

t14999 
 0.81 
 1.05 
 1.19
tenance 

3 Construction 27.19 30.83 31 .22 

(15000 Operation
 
- & Main

49999) tenance 0.64 0.94 0.9i 

4 Construc- I 
tion 21 .84 24.76 23.85 

(50000 Operation
 
- & Main

100000) tenance 0.51 0.75 0.70 

________o-wres 

Unskilled 1 Skilled IProfessional 

I137.00C 

3.92
 
J 

40.50 

2.27
 

33. 00 

1.79 4 

26.50 

1.42 6 2 1 

* For a complete description of these levels see Appendix A. 
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TABLE D-17. Per Capita Cost Parameters in U.S. Dollars &
 
Operation & Maintenance Manpower Requirements 

Process: Secondar>-Hich R7te Filter (PS7) 

Ponulation .A.NPOWERSoi-ehocia T' IS* P0, , 

Scale Sozio-Techno(cgical Lc'els* I (# of workers)
Level ITvpe of Cost III !Ii IV IUnskilled Skilled IProfessional 

Construc- t II t
ti on ,,,.,.79 291"31 238.46 1225.00I 

(500- Operation 
2,499) & Mlain

tenance 35.48 40.31 40.33 42.15 1 

Construc- I 
tion 205.26 177.54 151.03 !179.79 

(2,5C0 Operation 

-14999 & Main- 4.70 5.30 5.34 10.35 2 1 
tenance .0 

Construc-I 
(0 tion 148.09 I 135.98 133.13 129.7i 

(15000Operation I
- & 1,a in

59999) tenance 1.41 1.73 1.52 3. 4
 

Construc-
 ± 3.10I 
tt4o 49.38 45.34 44.60 43.25 

(50000 Operation i 

100000)i tenarnce 0.42 0.52 0.63 0.93 6 

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



ISr
TABLE D-3. ?cr C--tc Cost - C 	 c 

?rccess: eczr cc 

-ER
Population 

I 	 :orlrs)Sc-ale ___ 

I V Un..s'illed 1 il'ed IFrofessionalLevel T, e of Cost 


ICons!-r-uC-	 14
 
1 tien 1 12.47 1 18 

-

i. D 

(500- Operation 71.7
 I 

2,499) 	 & ILain- i
 

tenance 
 2.86 3.12 3.34 5.20 1 1
 

I 
G

Construc-

2 tion 58.82 _48.74 54.67 40.00 


(2,500 Operation
 

-14999) & Main
tenance 1.94 2.11 2.26 3.52 2
 

oConstruc
tion 47.06 38.94 31.74 32.00
 

(15000 Opcration
 
- & Ya in

49999) 	 tenance 1.64 1.94 i.81 2.98 4
 

4 Construc
tion 38.23 31.64 25.33 26.00
 

(50000 Operation 
- & Main

100000) tenance 1.39 -1.64 1.45 2.52 8 2 2 

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



TABLE D-19. Per Capita Cost Parameters in U.S. Dollars &
 
Operation & Maintenance Manpower Requirements
 

Process: Seconcary-Ex-onded A Aeration (PS9) 

Ppulation MN POWER 

Population Socio-Technological Levels* (#I, WrER 
Scale Iof workers) 

Level _Tye of Cost I IV Unskilled Skilled IProfessional
 

(500-


2,499) 


-199 


(15000 


-

499?9) 
. 

4 

(50000 


iO0V00)[ 


jConstruc- 1 

154.00 153.81 2 
 1
 

Oper1tion5
 

& '.ain
tenance 33.21 52.82 38.86 73.14 1 1
 

Construc- 1
 
tion 102.78 105.99 
 106.34 10.1
 

tenance 38 [ 0.349- 74
 

Construc-to 
t fl£& '-ain-


Operation 


&. Ma in-I
 
tcnnce 


Construction 


Operation
-_-"__
 

tenrince 


I 

3.67 
.I1 93.26 31.45 95.00 I_ _ _ _ _ 

I 

1 '26 2.8 . 2. A 

23.33 24.54 21.25 125. 

I 

0.24 ]0.39 0.28 0.52 6 2 

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



PoPulation 

Scale 
Level Tve of Cost 

tion 


(500- Operation 


2,499) 	 tenince 

Construc

tion 


(2,500 Operation
 

-14999) 	 & Main-
tenance 

o Construc
tion 


(15000 Operation
 
- I& M~ain-II 

49999) 	 tenance 


Construc-

ticn 

(50000 Operation 

- & Hain

100000) 	 tenance 


Canita Cost Parameters 

C z: 

TABLE D- 20. Per 

Process: D,' 

Socjo-Tec noogic"-, Leves: 

ii 

32.01 48.72 543 24. 2 
- II 

i 

2.12 4.20 4.23 7.50 

17.42
42.93 36.41 35.60 


2.42 2.71 2.73 1.50 


20.55 27.86 27.25 15.61 

1.21 2.46 . 7 0.75 


I41
 
10.71
14.10 	 20.18 19.07 

14 0 

0.58 1.79 	 1.49 0.36 


in U.S. 
- ,'-C 

i 
L:Cs- 1iilc 

2 

4
 

6 

DolLCrs & 
r1.e .2 .. S 

.C,

(: rk ers 

(1 Siile[rofessional e, 

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


