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MICRO COMPUTER-ASSISTED PLANNING MODEL FOR SELECTION OF
APPROPRIATE TECHNOLOGY IN WATER AND WASTE TREATMENT

CHAPTER I
INTRODUCTION

The United Nations has called for the expenditure of $133 bil-
lion1 on water and waste treatment systems during the period 1981-1990,
the "Water Decade." It is intended that the provision of safe water and
adequate sanitation will significantly improve the health and well-being
of the general population in developing countries. That intention will
not be fulfilled unless treatment technology is selected which is main-
tainable, affordable, socially/culturally acceptable, and operable at

the local site. Integral to the success of the investment are four major

factors:

i. The technology selected must be appropriate2 to local

resource availability,

1Unless otherwise noted all dollar values are 1977 U.S.

2A glossary of terms is included as Appendix Y.
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2. the technology selected must be responsive to local health

conditions and social/cultural customs,

3. the technology selection process must be subjected to
extensive sensitivity analysis prior to final selection in
order to reduce the probability that inappropriate

investment will occur, and

4, the technology selection process must provide a common
frame of reference to encourage interaction between
engineers/planners/health professionals/economists in
developing countri.. and international financial

organizations.

In developing countries current practice often results in the
selection of technology that is inappropriate. Available evidence indi-
cates that a significant factor in this inappropriate investment is the
lack, or inefficient use, of existing information and experience from
both developing and developed countries. This research provides a model
which places emphasis on developing country applications by utilizing a
modification and synthesis of water supply/sanitation treatment techno-
logy selection models currently used in the United States. The model is
tested using data previously collected by University of Oklahoma/United
States Agency for International Development (QU/AID) projects in Panama
and Indonesia. The research documented by this dissertation represents
an attempt to fulfill the four success factors cited previously.

The nature of the health problem in developing countries is



-3-

virtually linked to the provision of adequate quantities of safe water
supply and adequate sanitation. It has been estimated that approximate=-
ly 80 percent of mortality and morbidity in developing countries is re-
lated to the availability of adequate/safe water and sanitation. The
lack of adequate water and sanitation is a significant contributing fac-
tor in the annual death of 13 million children. The United Natioms, its
affiliates (World Health Organization, Pan American Health Organizationm,
etc.) and other international organizations (World Bank, International
Development Research Center, Agency for International Development, eﬁc.)
have expended considerable effort in estimating the magnitude of the
water/sanitation/health problem and the investment required to amelio-
rate the problem. To provide minimal water and sanitation to all of the
world's people, only 38 percent currently have minimal service, will re-
quire an investment of $133 billion dollars. In theory the cost of the
investment should be compared to the quantified benefits estimated for
each alternative. Unfortunately, this type of infrastructure investment
cannot be directly correlated to quantifiable benefits. In practice in-
dividual water/sanitation investment progrzms are compared on the basis
of qualitative benefits and/or the engineering cost of the alternate
treatment schemes. Neither of thesg selection criteria has the property
of logically leading to the selection of appropriate technology and the
second criteria, engineering cost analysis, may seriously miscalculate
the economic cost of the project. Unless technology can be selected
which is appropriate for local operation and cognizant of local health
conditions an expenditure of $133 billion dollars will not significantly

improve the human condition in developing countries.
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This research documents are interdisciplinary planning model
which is structured to select the most appropriate water and/or sanita-
tion treatment technology for a local site. The selected techmology
will be responsive to local health conditions and the selection process
strongly encourages extensive sensitivity analysis prior to selection.
The planning model provides a common frame of reference where a multi-
disciplinary group (engineers, planners, health professiomals, ecomno-
mists, etc.) can interdependently interact to seek the most appropriate
treatment scheme for an individual project. The selection process uses
a systematic cost effectiveness analysis to display the range of techno-
logy suitable to local conditions and select the most appropriate tech-
nology based on the available data. Finally, the planning model uses
high level technology (but appropriate, i.e., microcomputer hardware and
systems analysis software) to aid in the selection of appropriate tech-
nology (indicating neither high or low level) in the water supply and

sanitation technology field.



CHAPTER II
LITERATURE REVIEW
Introduction

The literature reviewed during this research has concentrated
on water/sanitation technology selection models and the interdependent
links between these types of models and economic development. The first
section of the review will concentrate on four water/sanitation techno-
logy selection models current in the literature. Next, the review in-
vestigates the relationship between water supply treatment/sanitation
technology and the public's health. Finally, the review explores the
connection between water/sanitation technology, health, and economics.

There are four majof water/sanitation treatment technology

models current in the literature:

i. CAPDET, jointly sponsored by the Corps of Engineers (COE)

and the Environmental Protection Agency (EPA).1

1Corps of Engineers and U.S. Environmental Protection Agency,
Computer-assisted Procedure for the Design and Evaluation of Wastewater
Treatment Systems: Users Guide, Report 430/9-79-01, May 1979.




ii. EXEC-OP, an EPA/Lewis Rossman developed model.2

iii. USAID/Reid, development sponsored by the United States
Agency for International Development (USAID) with Pro-

fessor George V. Reid.3

iv. WBANK, a model developed by the Internationzl Bank for

Reconstruction and Development/The World Bank.4

The original theoretical work in the optimization area were
based oun chemical engineering optimization routines developed in the mid
to late 1950's. Lynn, et al., gave the first application of systems
analysis to water treatment/sanitation technology selection in early
1962.5 The late 1960's and early 1970's resulted in the development of

various optimization applicatioms using linear programming, integer pro-

gramming, dynamic programming, geometric programming, and non-linear

2Lewis A. Rossman, "Synthesis of Waste Treatment Systems by
Implicit Enumeration”, Journal of the Water Pollutiom Control
Federation, (January 19%0): 148-160.

3George W. Reid and Katherine Coffey, eds., Appropriate Methods
of Treating Water and Wastewater in Developing Countries, (Norman:
Bureau of Water and Environmental Resources Research, University of
Oklahoma, 1979).

4International Banks for Reconstruction and Development/The
World Bank, Appropriate Technology for Water Supply and Sanitation,
studies in low-cost water supply and sanitation (Washington, DC, 1980).

5Walter R. Lymn, et al., "Systems Analysis for Planning Waste-
water Treatment  Plants"”, Jourpal of the Water Pollution Control
Federation, Vol. 34, No. 6 (June 1962): 565-581.




programming.6 By the mid 1970's, COE had developed considerable exper-
tise at the Waterways Experimental Station in Mississippi with computer
applications and mathematical modeling in the general area of water
treatment/sanitation technology. A joint effort was launched by COE and
EPA to provide a planning model that could be used by municipalities to
investigate alternate treatment schemes. The model resulting from that
effort, CAPDET, relied on kinetic/mass balance equations and design data
in unit processing routines to take a limited data input (the Wastewater
flow and constituents of pollutation at minimum) and provide output
data, such as the physical size of pipes, pumps, etc; expected effluent
in both qualitative and quantative detail; plus extensive economic para=-
meters, such as capital cost, operation and maintenance cost, energy
cost, manpower required, materials required, etc.7 The CAPDET draft re-
port became available in 1976 but the use of the system was initially
impeded by its formidability. Although a participant in the development
and extention of CAPDET, the EPA had maintained ar interest in water

treatment/sanitation technology modeling by developing a wastewater

6D. E. Evenson G. T. Orlob, J. R. Monzer, "Preliminary Selec-

tion of Waste Treatment Systems", Journal of the Water Pollution Comtrol
Federation, Vol. 41, No. 11 (November 1969): 1845-1858. Chia S. Shih
and P. Krishnan, "Dynamic Optimization for Industrial Waste Treatment
Design", Journal of the Water Pollution Control Federation, Vol. 41,
No. 10 {(October 1969): 1787-1802. Paul M. Berthouex and Lawrence B.
Polksowski, "Optimum Waste Treatment Plant Design Under Uncertainty,"
Journal of the Water Pollution Control Federation, Vol. 42, No. 9
(September 1970): 1589-1613. B. J. Adams and D. Panagiotakopoulos,
"Network Approach to Optimal Wastewater Treatment Design", Jourmal of
the Water Pollution Control Federation, Vol. 49, No. &4 (April 1977):
623-632; Hans J. Rasmusen, "Simplified Optimization of Water Supply
Systems," Journal of the Environmental Engineering Division, American
Society of Civil Engineers, Vol. 102, No. EE2 (April 1976): 313-327.

7See Appendix A for a CAPDET example output.



treatment plant simulator entitled EXECUTIVE.8 In the same period USAID
encouraged Professor George W. Reid to initiate modeling efforts toward
selection of water treatment/sanitation technology in developing coun-
tries. The USAID/REID effort lead to a field test of the model in
Panama and Indonesia plus the demonstration of the model and field re-
sults in Panama, Guatemala, Peru, the Philippines, Indonesia, and
Thailand during late 1979 and early 1980.9 The separate EPA modeling
effort which produced EXECUTIVE lead to the development in early 1980 of
a wastewater treatment selection model, EXEC-OP, which uses the
EXECUTIVE simulation model as a subroutine.10 Meanwhile, the World Bank
had initiated a modeling effort toward the selection of appropriate
technology in water treatmemt and sanitation for developing countries.
The first draft of that effort became publicly available in 1981 with
final results scheduled to be published in mid 1982.11 Table 1 con-
trasts the major differences between the four models. CAPDET provides
the user with a maximum amount of detail both engineering and economic;

however, it does not respond to the concept of appropriate technology

8R. G. Eilers and Robert Smith, "Applications of Computer

Programs in the Preliminary Design of Wastewater Treatment Facilities -
Section II," EPA-600/2-78-1856, U. S. Environmental Protection Agency,
Municipal Environmental Research Laboratory (Cincinnati, Ohio, 1978).

9Reid and Coffey, eds., Appropriate Methods; George W. Reid,
Clyde L. Arnold, and Leale E. Streebin, Workbooks for Appropriate
Technology Workshop, Bureau of Water and Environmental Resources
Research, University of Oklahoma (April 1980).

10Rossman, Synthesis of Water Treatment Systems.

11The International Bank for Reconstruction and Development/The
World Bank, Appropriate Technology.




TABLE 1
Model
Parameter CAPDET EXEC-0P USAID/REID | World Bank

1. Unit Processes Yes Yes Yes Yes
Fixed?

2. Total Number of 5 22 27 12
Unit Processes

3. Treatment Trains No No Yes No
Fixed

4. Uses Masse Balance Yes Yes No No
and Process
Kinetics

5. Includes Multiple No Yes No1 No1
Design Criteria

6. Optimization Complete Partial Screening | Screening
Technique Enumeration | Enumeration

7. Recycles No Yes No No
Sidestreams

8. Design Detail Very High Medium Low Low
Provided

9. Allows User to Yes No Yes Yes
Input Local Cost

10. Screens Processes No No Yes Yes
on the Basis of
Available
Resources

11. Relative Computer Very High |Medium Low Very Low None
Cost

12. Type of Computer Large, Mini Micro- None
System Required | Main Frame computer,

or Time Programmable
Shariang Calculator,
None
13. Coverage Wastewater |Wastewater Water, Water2
Waste

1Variations in design criteria are not systematically included

but may be investigated using semsitivity analysis at little additional
cost.

2Water treatment is mentioned but the technical detail concen-
trates on waste treatment.
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nor does it deal with water treatment.12

In addition, CAPDET is not
structured for sensitivity analysis as an integral part of the modeling
effort. Both CAPDET and EXEC-OP are oriented toward wastewater treat-
ment plant design in the U.S. with EXEC-OP concentrating on a smaller

group of advanced technologies processes than does CAPDET.13 EXEC-0P

provides three major additions relative to CAPDET, namely:

1. . The ability to explicitly recycle effluent sidestreams

generated by certain unit processes such as sedimentation,

2. allows the inclusion of multiple design criteria such as

reliability and the cost of energy, and

3. uses a branch and bound technique under linear programming
to produce a partial enumeration of available unit

processes.

Recycling of sidestreams represents an improvement in the completeness
of the model while partial enumeration represents a more efficient mod-
eling technique compared to CAPDET. In addition, EXEC-OP does not pro-
vide the level of design detail of CAPDET nor does it easily allaw the

user to input local cost data, although local cost may be used with some

N
1‘Conversations with individuwals concerned with CAPDET indicate
that the model is currently being expanded to handle water treatment.

13The unit processes contained in CAPDET and EXEC-OP are
included as Appendix B and D respectfully. Appendix A and C present
typical output examples for the two models.



difficulty. Both USAID/REID and WBANK are directly concerned with de-
veloping country applications, each is responsive to the concept of
appropriate technology, both handle local cost input, and neither ac-
cepts multiple design criteria. USAID/REID is the only model to expli-
citly address technology selection in both water treatment and

“ 7

sanitation.'" Neither USAID/REID nor WBANK provide the engineering de-

sign detail15

of CAPDET, nor the attention to sidestream recycling or
the multiple design criteria of EXEC-OP. In terms of an overview sum-
mary, CAPDET is reasonably flexible, except for sensitivity analysis,
and provides a great quantity of engineering design detail and engineer-
ing cost analysis. EXEC-OP is most complete in the simulation mode, the
most efficient in optimization technique, and the most conducive to sen-
sitivity analysis. USAID/REID has the most complete coverage of techno-
logy appropriate to developing country water treatment and sanitation.
The WBANK model has the clearest commitment to the relationship between
public health and water treatment/sanitation technology selectiomn.
Since each model has strong points and disadvantages, the following sec-

tions explore the details of the separate models.

14The World Bank model deals slightly with water treatment,
but does not explicitly include water treatment techmology in the solu-
tion algorithm.

15Detailed design information is provided in the documentation
for both USAID/REID and WORLD BANK.
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Capdet

The philosophical set of CAPDET is to provide the knowledgeable
user with sufficient engineering design and engineering cost data to
compare alternative wastewater treatment designs. CAPDET was intended
to meet the needs of the EPA Construction Grants Program and the COE
Urban Studies Program.16 Figure 1 presents the generic organization of

a typical treatment'scheme.17

CAPDET used three major divisions for
treatment processes: liquid division, primary sludge division, and sec-
ondary sludge division. As indicated in Figure 2, the wastewater enters
the liquid treatment division and continues with liquid treatment pro-
- cesses and/or enters the primary sludge division. After additionmal li-
quid treatment processes, the transformed wastewater may enter the sec-
ondary sludge division or be discharged as liquid effluent. The inten-
tion is to take highly contaminated wastewater and use various treatment
technologies to create safe residues, both liquid and solid, for dis-
posal. The specific treatment processes included in CAPDET are listed

in Appendix B. Figure 3 presents a typical problem comstruction for an

investigation of alternate treatment schemes.18 The waste stream enters

16Corps of Engineers and Environmental Protection Agency,
Computer-Assisted Procedure (1979): Acknowledgments.

17

IBid.: 1-3.

18Corps of Engineers and Environmental Protection Agency,
Computer-Assisted Procedure (1979): 2-3.
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the preliminary treatment unit process, then exits to one of four unit
processes (primary, flotation, etc.) followed by trickling filtration,
filtration, and chlorination. As the selected unit processes produce
sludge, the effluent is passed throught the two sludge divisions. This
single treatment scheme represents 192 possible treatment trains combi-
nations from the treatment scheme.19
The user selects the unit treatment processes to include in the
treatment scheme and arrays the selected processes into proper block lo-
cation. The user is expected to be sufficiently conversant with the tech
nical details to not only select and array unit processes but also to
evaluate and modify as necessary, the technical details included in the
analysis, i.e., biological oxygen demand (BOD) loading, average daily
flow, etc. The user may select either a large facility analysis, flow
greater than or cqual to 0.5 million gallons per day (mgd), or a small
facility analysis, flow less then 0.5 mgd. This decision affects the
number of unit processes available for inclusion in the analysis.20
Once selection and array of unit treatment processes is complete CAPDET
uses a complete enumeration approach to calculate cost and design details
for all possible combinations of unit processes constructed into treat-

21

ment trains. The treatment cost is calculated by assuming a typical

configuration and method of construction for each unit process. Unit

19A treatment train includes a single unit process for each
block in the treatment scheme.

20The CAPDET treatment processes for both large and small
facility analysis are included as Appendix B.

21Detail is calculated for all combinations but only the 100
least cost treatment trains may be saved for display.
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cost supplied by the user, or defaulted by CAPDET, are used in calculat-
ing treatment cost. This estimating technique gives the user the
ability to easily alter unit cost to site/geographic specific cost
analysis.22 Where appropriate, the user may modify equipment and compo-
nent service life to more closely simulate local conditions. All of the

data entry and analysis are undertaken in a batch mode.23

As can be seen
in the sample CAPDET output, Appendix A, extensive engineering cost and
design detail are provided to the user.

If a treatment train were to be selected only on the basis of
engineering cost analysis CAPDET supplies sufficient information to dis-
criminate between treatment train alternatives. For developirg coun-
tries a simple engineering cost analysis is insufficient for planning

purposes and selection of appropriate technology is vital. Therefore,

CAPDET can be very useful but it has several drawbacks; namely:

1. Sensitivity analysis is not available except as repeated

batch runs.

2. The selection of technology is not subjected to any con

straint on manpower and/or resources.

22Corps of Engineers and Environmental Protection Agency,
Computer-Assisted Procedure, (1979): 3-1.

23In a batch mode all data and selections of unit treatment
processes are entered as a single step. Output follows automatically
with no recourse to sensitivity analysis unless a second batch run is
undertaken.
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3. The computer charges for a computer time sharing system are

substantial.24

The first two disadvantages are by far the most important for planning
in developing countries. The need to prevent inappropriate investment
in water supply treatment/sanitation technology is well documented in the
literature.25
The need for sensitivity analysis has been cited by several
authorsz6. The level and application of the semsitivity analysis is
left to the analyst to determine. Computer charges may be significant

if it contributes to either inappropriate technology and/or insufficient

sensitivity analysis. In summary, CAPDET represent the state-of-the-art

24A typical problem could easily cost $500 per run. Although

this cost is insignificant in relation to level of investment, the cost
could rise significantly if sensitivity analysis were performed. In
developing countries, such a rise would be likely to sharply curtail the
sensitivity analysis.

25Robert J. Saunders and Jeremy J. Warford, Village Water
Supply: Economics and Policy in the Developing World, (Baltimore:
John Hopkins University Press c 1976). Asit K. Biswas, "Enviromment and
Water Development in the Third World," Journal of the Water Resources
Planning and Management Division, American Society of Civil Engineers,
Vol. 106, No. WR1, pp 319-332. W..L. Reyes, "Research in the Develop-
ment of Appropriate Technology for the Improvement of Environmental
Health at the Village Level in the WHO South-East Asia Region", Paper
presented at the National Workshop on Research and Sanitation Decade,
1981-1990, Neeri, Nagpur: 21-22 November 1979. Reid and Coffey, eds.,
Appropriate Methods. H. M. Neghassi, "U.N. Water Conference: Scope for
Transfer of Knowledge in the Action Plan", Journal of the WaterResources
Planning and Management Divisions, American Society of Civil Engineers,
Vol. 106, No, WR1, March 1980: 351-363.

26Rossman, "Synthesis of Waste Treatment Systems": 149. Reid,
Arnold, and Streebin, Workbook: 120-123, 281: International Bank for
Reconstruction and Development/The World Bank, Appropriate Technology:
A Planner's Guide, VOL.2: 1-5.




in terms of engineering design detail, engineering economic analysis,
and complete enumeration of unit processes technology selection in water

treatment and sanitation technology.
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Exec-op

The philosphical set of EXEC-OP is very similar to CAPDET for
unit process selection but differs significantly in the output produced
and optimization technique employed. Figure 4 presents a typical block
structure for EXEC-OP. Comparison to Figure 3, a typical CAPDET struc-
ture, indicates close similarity except that EXEC-OP includes recycling
of sidestreams (R mode). Once the candidate unit processes are selected
the input data is organized in a batch run very similar to CAPDET's in-
put requirement. The level of detail to be provided by the user and the
output produced during the EXEC-OP analysis are substantially smaller
than CAPDET; however, the optimization technique used by EXEC-OP pro-
vides a more efficient amalysis algorithm. The optimization technique
used by EXEC-OP seeks an optimal but partial solution in contrast to a
complete enumeration of all possible treatment trains.27 Such a proce-
dures results in a substantial decrease in computer cost compared to
CAPDET. Whereas CAPDET uses life cycle cost as the design criteria
EXEC-OP uses a system objective function composed of the weighted sum of

individual criteria:28

27The solution technique employed by EXEC-OP, a "branch and
bound" technique under linear programming, is covered in Appendix I.

28Lewis A. Rossman, EXEC-OP Reference Manual, Version 1.2,
Municipal Environmental Research Laboratory, U.S. Environmental Protec-
tion Agency, (Cincinnati, Ohio: 1980): 8-9.
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V=w,c, +wsc, + wyc, + wW,Cc, =~ w.C. +Ww,C
+1w%c7 +2w§c8 373 44 575 676

where V = System objective function.

£
1

Weight for the ith criteria and i = 1 to 8.

(g}
il

1 Total initial construction cost in million dollars.

¢y = Total annual operation and maintenance cost in million
dollars of system influent.

¢y = Total equivalent annual life cycle cost, dollers/million
gallons of system influent.

¢, = Total gross energy consumption, kwh/million gallons of
system influent.

Cg = Total gross energy production, kwh/million gallons of
system influent.

e = Total net energy consumption, kwh/million gallons of
system influent.

(2]
]

7 Total sand area utilization, acres.
29

Systems undesirability index.

A combination of these criteria are then selected to form the system
function. Once an objective function is constructed, the input data is
assembled for a batch run. A typical output is shown as Appendix C and

as can be seen the level of detail is much lower than CAPDET.30

In sum-
mary the optimization technique employed by EXEC-OP and the multiobjec-
tive approach taken by EXEC-OP represent the state-of-the-art in the

water treatment and sanitation technology selection models.

29The undesirability index represents a summation of the indi-
vidual undesirability values assigned to unit processes by the user.

30Rossman, "Synthsis of Waste Treatment Systems": 157-158.
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USAID/REID

The USAID/REID model involves a significant shift in organiza-
tion, optimization techmique, and area of application. This model is
developed primarily for use in developing countries in contrast to both
CAPDET and EXEC-OP which have a developed country orientation.31 The
unit processes included in USAID/REID cover both the water and sanita-
tion areas as can be seen in Appendix F. These unit processes are con-
structed into predetermined treatment trains which would provide a pre-
scribed level of treatment criteria which must not be exceeded as a max-
imum. For example, if the coliform bacteria level of the raw water ex-
ceeds 200 most probable number (MPN) per 100 millimeter then water
treatment process combinations W1 and W2 will not be available for use
since the maximum level of coliform allowed by these combinations is ex-
ceeded. The treatment combinations are composed of unit treatment pro-
cesses which are screened on the basis of availability in manpower and
construction/maintenance resources. The USAID/REID screening process
employs a questionnaire to identify the likely level of resources avail-
able to the local site. The levels are used to determine whether a par-
ticular resource, say professional labor, is available and, therefore,

whether this availability/unavailability removes any unit treatment

31The USAID/REID model has been tested for applicability in
Oklahoma with qualified success in small towns and small, isclated,
rural cities.



processes from consideration. All of this process is an attempt to
identify those unit processes and, by default, those combinations of
uwnit processes which would represent appropriate technology for the lo-
cal site. Once the appropriate technology alternatives are selected by
the screening process the alternatives are displayed by relative ranking

cost ratios for both construction and maintgnance.32

Design detail is
not available as an output from USAID/REID, however, the documentation
supporting the model is very extensive with respect to design detail,
cost equations, etc. USAID/REID can be solved manually, i.e., by pencil
and paper, in addition to a computer solution. A sample computer run
using the computer sclution of USAID/REID is included as Appendix E. In
summary USAID/REID provided the initial research effort in selection of
appropriate technology for water treatment and sanitation technology in
developing countries and represents the state-of-the-art in developing
country selection models placing equal emphasis on water and sanitation
technology. USAID/REID is lacking in the level of design and economic
detail provided to the user. The computer cost associated with process-
ing USAID/REID are minimal as can be seen in Appendix J. See Figures 12
and 13 for the USAID/REID solution process.

32These relative cost ratios are responsive to both economics
of scale and social-economic scaling. The cost data are presented as
ratios due to the difficulties of using a general model for site specify
cost estimates. A module exists within USAID/REID to respond to local
input cost data during the computer analysis.
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WBANK

The WBANK model is very similar in construction to USAID/REID,
however, the emphasis shifts from engineering cost analysis to economic
analysis. WBANK attempts to focus attention on the interdisciplinary
nature of the investment, i.e., encompassing the areas of civil engi-
neering, economics, internation finance, health and welfare, microbio-
logy, and sociology. The model is intended specifically for developing
countries and requires no computer for analysis. As Appendix G indi-
cates the WBANK model is limited to sanitation only and the range of
sanitation unit processes is heavily skewed toward the lower levels of

33 Since

technology in terms of complexity and resource requirements.
the model is intended for application in rural areas, or "urban" as
Davidson has defined rural villages, this range of technology is very
appropriate.34

The ‘WBANK model differs significantly from the three previous
models in several ways. First WBANK actively promotes an interdiscipli-

nary approach to water and sanitation technology investments. As

Figure 5 indicates the decision interaction should include sanitary

33Documentation for the WBANK model mentions water provision in
several places but water treatment processes are not included in the
solution algorithm.

34Richard Feachem, Michael McGarry, and Duncan Mara, Water,

Waste and Health in Hot Climates, eds., (Chichester: John Wiley and
Sons, 1977): 216-217.
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engineer, public health specialist, economist, behavioral scientist, and
community participation in an interdependent presenﬁation of alternatives.
The final decision should be made by the local community. Secondly,
WBANK explicitely relates the provision of water treatment and sanita-
tion technology to the health problems existing at the design site and
to public health in general.35 Thirdly, the WBANK model attempts to use
economic costs as opposed to engineering cost analysis. Using economic
costing requires that all cost to the economy be included in the analy-
sis, each included cost must be evaluated using shadow prices, and that
only future cost be included in the analysis rather than historical cost.
WBANK specifically includes the cost of water for flushing and the cost
of separate disposal for sullage where such disposal is required. The
cost items subjected to shadow pricing include unskilled labor, foreign
exchange, opportunity cost of capital, and other direct inputs such as
water, land, etc. WBANK includes a procedure for discounting both cost
and capacity utilization to remove the bias toward large economies of
scale type treatment technology when a future "design" population is
used in the analysis. WBANK notes that engineering cost analysis often

size water/sanitation investment to meet future demand. WBANK proposes

- (1+r)t-1

AIC —
t-1
=1 (*r)

35The health aspect of water and sanitation are investigated
later in this chapter.



using an average incremental cost approach:36
where AICt = The average incremental cost at time t.
t = Time in years.
T = Design lifetime in years.
Ct = Construction costs incurred in year t.

0, = Incremental operation and maintenance cost imcurred in
year t.

Nt = Additional people cr households served in year t.

r = ngortunity cost of capital expressed in percent times
10

Such an approach amounts to a variant of cost-benefit analysis with the
difference that in this case the discounting takes places for additional
population to be served in the future. The solution algorithm for the
WBANK model is shown in Appendix H.37

In svmmary, the WBANK model represents the state-of-the-art in
suggesting the relationship between health and the selection of sanita-
tion technology and in applying economic analysis to the selection of
technoloéy. WBANK is lacking in respect to coverage of both water and
sanitation technology, in respect to the level of design detail present-
ed as an output, and in respect to encouraging sensitivity analysis dur-

ing selection.

36International Banks for Reconstruction and Development. The
World Bank, Appropriate Technology: 30-31.

37It should be noted that there is a single output for multiple
unit processes, i.e., sewerage as an output represents selection of any
type of sewerage unit process. Such a procedure does not represent
selection of technology based on availability.




For selection models this literature review has included four
state-of-the-art models; namely: CAPDET, EXEC-OP, USAID/REID, and
WBANK.38 Each model has been found to be superior in at least one as~
pect but flawed in its application to developing countries for one or
more reasons. CAPDET is superior in the level of output provided and
coverage of sanitation treatment technology. EXEC-OP is superior in the
optimization technique employed during the analysis. USAID/REID is
superior in terms of the coverage of both water and sanitation in addi-
tion to the attention devoted to the selection techmology based on
available resources. WBANK is superior in relating the selection of
water/sanitation technology to public health and in advancing the use of
economic policy analysis as opposed to engineering cost analysis, for
decision making. Each model has been reviewed in sufficient detail to
follow the operation of the model. In the next review section the rela-
tionship between public health and water/sanitation technology is

investigated.

38Table 1 presents a brief comparison of the four models.



Water Sanitation, and Health

The major reason for a developing country to invest in water treat-
ment/sanitation technology is the expected effect on public health. It
has been estimated that between 25,000 and 36,000 people die per day due
to the lack of safe drinking water and safe human excreta disposal.39
The majority of these deaths are children. Figure 6 graphically depicts
the human survival comparison against age for both developed and devel-
oping countries. In developed countries (A) relatively few deaths occur
until the individuals reach the age of 50 where diseases of the arteries
begin to have a significant impact. In developing countries (B) the in-
creased death rate in the early years is due in large part to infectious
diseases and maloutrition. In many cases, there is a vicious circular
relationship between water, disease, sanitation, and water. For example,
starting with contaminated water imdividuals receive intestinal infection
which acerbates the effects of an initial infection and malnutrition
generally leads to high levels of infective organisms being excreted into

the water supply - the completed circle. It is quite clear that the age

group most effected by improvements in health; i.e., the young may well

39Gene Dallaire, "U.N. Launches International Water Decade;

U.S. Role Uncertain", Civil Engineer, American Society of Civil Engi-
neers, Vol. 51, No. 3, March 1981: 59. J.T. Dale,"World Bank Shifts
Focus on Third World Sanitation Projects", Journal of the Water
Pollution Control Federation, Vol. 51, No. &4, April 1979: 663.
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lead to an increase in the population growth rate.40 Thw World Health
Organization (WHO) indicates that only 38 percent of the 1975 population
was adequately served with safe water and only 33 percent of the 1975
population were adequately served with safe sanitation.41 Table 2 sum-
marizes the world situation in terms of service adequacy for both safe
water and sanitation. Tables 3 and 4 provide summeries of water and
sanitation service in developing countries. As can be seen from this
small sample the variation among regions is large but the variation
among countries is very large; i.e., total population with access varies
between 20 and 75 percent for regions and between 1 and 77 percent for
countries. In the following pages of this subsection, the health data
are developed, the water/sanitation treatment technology linked to
health is investigated, and a classification scheme for disease and
water/sanitation is presented.

The links between water and health can be traced to the relat-
ing of certain fevers to marshy areas by Hippocrates. By the mid 1800's
the relationship between water and several diseases (Cholera/Typhoid,
Filariasis, Malaria, Guinea Worms, and Schistosomiasis) were reported in
the health literature.42 Today it is clearly understood that excreta is
related to disease in two major ways. First, the agents of infection
are passed in the excreta. Secondly, excreta encourages the breeding of

insects which are vectors for diseases or transmit the infective agents

40Saunders and Warford, Village Water Supply: 73.

41World Health Organizations, World Health Statistics Report:

570.

42Feachem, McGarry, and Mara, Water, Waste and Health: 5-6.
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TABIE 2

Estimated Population Served by Adequate Water and
Sanitation Facilities in 1975 (excludes China)

Ltem Population Served Tncrease
. Since 1970 (%)
In Millions | AS (%)

Water

Urban 450 77 10

Rural 313 22 8
Total 763 38 9
Sanitation

Urban 437 75 4

Rural 209 15 4
Total 646 33 6

Source: World Organization, World Health Statistics
Report: Vol. 29, No. 10 (Genmeva: 1976): 570.




TABLE 3

Community Water Service in Developing Countries, by Region

and Selected Countries, Excluding Chima, 1975 Data

Urban Population With Access

. Rural Total
Rggtggror With House | With Public | Total | Population | Population
y Connections | Stand Posts With Access | With Access
(%) (%)
Africa 37 31 68 21 29
Americas 67 14 81 32 58
Eastern
Yediterranean 52 28 80 16 34
Europe 67 14 81 63 71
South-East Asia 48 21 70 19 29
Western Pacific 75 16 a0 30 54
Total 57 20 7 22 38
Number of
Countries 79 79 79 75 75
Chad 7 36 43 23 26
Kenva 90 10 100 4 17
Upper Volta 19 31 50 23 25
Rolivia kiv 51 81 6 34
Mexico 68 2 70 49 02
Panama 93 7 100 54 77
Bangladesh 6 16 22 61 56
Indonesia 30 11 41 4 il
Thailand 59 10 69 16 25
Source: World Health Organization, World Health Statistics Report, Vol. 29,

No. 10 (Geneva:

1976):

571-379.
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TABLE 4

Community Sanitation in Develcping Countries, by Region
and Selected Countries, Excluding China, 1975 Data

Urban Population With Access

: Rural Total
Rggzggr?r Connected to | With House~ | Total ! Population | Population
¥ Sewer-Systems | Hold Systems With Access | With Access
(%) (%)
Africa 15 62 75 28 38
Americas 35 39 80 25 63
Eastern
Mediterranean 10 53 63 14 27
Europe 21 17 38 18 27
South-East Asia 26 33 79 6 20
Western Pacific 24 57 81 43 58
Total 25 N/A 75 15 33
Chad [ 8 9 1 1
Kenva 42 36 g8 48 5%
Upper Volta N/A 47 47 N/A 4
Bolivia 24 N/A N/A 9 N/A
Mexico 29 N/A N/A 14 N/A
Panama 72 6 78 76 77
Bangladesh 5 35 40 N/A 5
Indonesia 2 58 60 5 15
Thailand N/A 58 58 36 40
Source: World Health Organization. World Health Statistics Report, Vol. 29.

No. 10 (Geneva:

1976): 571-579.

=37~
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mechanically. Any particular excreted load is subject to a group of
transmission factors prior to providing an infective dose for a specific

individual. These transmission factors include:

1. latency - the delay interval between the excretion of an
infective agent and its ability to infect. TFor example,
many viruses, bacteria, and protozoa are immediately

infective.

2. Persistency - interval between the excretion of an infec-

tive agent and it's death under normal conditions.

3. Multiplication - following excretion the reproductive

ability of the infective agent in the environment.

The circular nature of this relationship is indicated in Figure

10,43

A major element in this analysis is the varying nature of the
levels necessary for an excreted load to be transmitted as infective.
Additional complicating factors are the age of the individual exposed to
the infective agent and immunity acquired over time. Age complicates
transmission through the increased susceptability of the young énd the
benign attitude prevalent in many developing countries toward children's
excreta. Water and sanitation technology is intended to interrupt the

transmission by reducing the probability that an excreted load will be

infective. It should be noted that regardless of the treatment prior to

43Ka1bermatten, Juluis, and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: Technical and Economic Optioms:  64.
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discharge of the final residual, either liquid or solid, many pathogens
may survive for extended periods unless destroyed prior to discharge.
Final residuals are often disposed as liquid or solid on soil, as liquid
in a body of water, or as a liquid or solid on crops.

Table 5 indicates survival of the major pathogenic classifica-
tions in soil and applied on crops. The point being developed here in
specific, i.e., treatment is a necessary condition for public health but
may not be sufficient to ensure public health, is alluded, in general,
by several authors and succinctly stated by Saunders and Warford, .."it
is clear that while improved drinking is probably a necessary condition
for the improvement of people's health, it is not a sufficient
b4

condition."

The attempts to quantify the relationship between water supply/
sanitation technology and public health has not been successful for

45

several reasons:

1. A lack of knowledge concerning the underlaying processes

and disease mechanisms.

2. A lack of specificity and knowledge concerning the role

of exogenous variables.

44Saunders and Warford, Village Water Supply: 35.

Kalbermatten, Julius, and Gunnerson, Appropriate Technology for Water
Supply and Sanitation: A Summary of Technical and Economical Options,
Vol 1la: 21.

45Saunders and Warford, Village Water Supply: 35-39, 66-68.
Feachem, McGarry, and Mara, Water, Waste and Health: 8, 240.




TABLZ 5

Estimated Survival Time for Major
Pathogenic Classifications

Pathogen Survival Time
On Soil
Virus Up to 6 months (generally 3 months)
Bacteria Up to 3 years (generally 2 months)
Protozoa Up to 10 days (generally 2 days)
Helminths Up to 7 years (generally 1 year)
On Crops
Virus Up to 2 months (generally 1 month)
Bacteria Up to 6 months (generally 1 month)
Protozoa Up to 5 days (generally 1 month)
Helminths Up to 5 days (generally 1 month)

Source: Kalbermatten, Julius, Gunnerson, Appropriate

Technology for Water Supply and Sanitation:

-l

A Planners Guide,

Vol. 2 (Washington, D. C.:

1980): 180.
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Collinearity and interdependency among the social/

cultural/economic variables.

b, Systematic bias introduced by better housing, better

nutrition, etc. on both time series and cross-sectional

studies.
5. Large sampling errors introduced in data gathering.
6. Various logistic problems, such as installation of tech-

nology neither implies adequate upkeep nor usage, season-

ality, etc.

In addition, and possibly most important, it is not possible, nor would
it be acceptable, to separately consider a disease relationship to
either water or sanitation treatment while excluding the other. It is
not possible to separate the interdependency between the two factors.46
Although precise specification cannot be accomplished there exists a
significant body of literature on the classification of infective agents
and possible amelioration by water supply/sanitation technology. Two
major classification schemes are useful in relating water supply/sanita-
tion technology to public health; namely, (1) the mode of disease spread

and (2) the pathogen causing the disease. Four elements comprise the

pathogenic classifications:

1. Virus

46Feachem, McGarry, and Mara, Water, Waste, and Health: 8.




2. Bacteria

3. Protozoa

4, Helminth

The mo<= of spread classification also includes four elements:47

1. Water~borne

2. Water-washed

3. Water-based

4, WVater-related

Each pathogenic classification may exist within the separate "mode of

spread" classification. A water-borne disease classification arises

where an infection spreads through the water supply. A water-washed di~
sease classification occurs where the disease can be traced to the lack
of sufficient water for personal hygiene. A water-based disease classi-
fication occurs where a disease is transmitted through an aquatic inver-
tebrate such as a snail. A water-related disease classification occurs
when a disease is spread by insects that depend on the availability of

water. Without water supply/sanitation technology fecal pollution from

47Much of the effort in this classification scheme is due to
the works of Feachem, et al., at the Ross Institute of Tropical Hygiene,
London School of Hygiene and Tropical Medicine.



individuals suffering from intestinal infections may contribute to in-
fections by other individuals using the same water supply. Typhoid and
cholera are devastating examples of this "common source outbreaks,"
classified as water-borme diseases.48 The quantity of water available
for personal hygiene is the critical criteria in water-washed diseases.
Kalbermatten, Julius, and Gunnerson indicate that most health benefits
from provisions of water will occur when delivery reaches the level of
30 to 40 liters per capita per day at the local site.49 In water-based
diseases parasite eggs, or larvae, reach water where a snail or crusta~
cean serves as an intermediate host. The pathogenic agent is discharged
from the intermediate host back to water which then causes a human di-
sease. A typical example is schistosomiasis where the helminth resides
in a snail intermediate to penetrating human skin during contact with
snail infected water. Water-related diseases are indicated where in-
sects such as flies or mosquitos breed in or near water. These insects
are then vectors for a multitude of diseases. Typical examples are yel-
low fever caused by mosquitos and sleeping sickness caused by the tsetse
fly. Tables 6 through 9 indicate the health aspects of each classifica-
tion by both mode of spread and pathogen causing the disease. Each
table gives both the disease name and £he common name where appropriate
in addition to the biological group and pathogenic agent. The percent
reduction column indicates the expected reduction in frequency of occur-

ence given adequate treatment for the water supply, i.e., the water is

48Feachem, McGarry, and Mara, Water Waste, and Health: 9,

49Kalbernatten, Julius and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: A Summary of Technical and Economic
Options, Vol. la: 17.




Biological

Niscase

TABLE 6

Water-Borne Disecases

Common Name

Pathogenic Agent

Reduction

Transmission Mode

Reservoir

Physical Eavironment

Paratyphoid

teric fever

food or drink

man

Group %) Prefecence or Coument
Virus Viral Hepatitis lufections Hepatitis virus 10 Fecal contaminalion Man Poor sanitation, poor
flepatitis type A of a single source - personal hygiecue
water, etc.
Poliomyelitis Pulio Poliovirus 1-3 10 Human contact, fecal Man Poor sanitation, poor
: contamination of a hygiene, warm climate
single source -
waler, cotc.
Entevoviruses Coxsackieviruses 10 Human contact, fecal Man Warm climate
(some) infection Lype A and B, echo- contamination of a
virus, enteroviruses single source
Gaslroenteritis Gastroenteritis, 50 Human contact, con- Man Poor sanitation, poor
type A tamination of food hygiene
or drink
Gastroenteritis, | Severe iufantile |Gastroeteritis virus Unkuown Aniwal, { Children, cool or cold
infantile diarrhea type B or votavirus man weather
Bacteria | Cholera Vibrio cholera 90 Human contact, fecal Man Poor sanilation, poor
conlamination of a hygiene, vibrios sur-
single source vive in waler up to
3 weeks
Typhoid Typhoid or en- Salmonells typhi 80 Contamination of Animal, Poor sanitation, poor
teric fever tood or drink man hygiene
Typhoid or eu- Salwonella paratyphi 40 Contamination of Animal, | Poor samitation, poor

hugiene

Continued
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TABLE 6 (ContL'd)

Water-Borne Diseases

Reduction

Physical Environment

Biological . . . L. .
Dises C [¢] é ope > . P s N
Group isease ouwnon Name Pathogenic Agent ) Transmission Mode Reservoir Preference or Comment
Shigellosis Bacillary Shigella dysen- 50 Contamination of Man Poor sanitation, poor
dysentery teriae, Shigella Sp. food, fingers, feces hygiene
flies
Leptospirosis Infectious jaun- Leptospirae Sp. 80 Animal contact, ani- | Animal Animals include rats,
dice, Weil's mal excreta contami- mice, wild rodents,
disease, marsh nation of food or dogs, swine, cattle.
fever, etc. drink Primarily animal diseasse
Yersinosis Tularaemia 40 Paritally cooked Rodents Primarily an animal
wild rodents, wild disease
animal excreta con-
tamination of food
or drink, deertly
bite
Protozoa Giardiasis Flagellate Giardia lawblia Cyst contamination Man Common in youug
diarrhea of tvod or drink children
Amebic dysentery Entamouba 50 CysL contamination Man High-carbohydrated/low
histolytica of food or drink, protein diet, favors
[lies may contribute development, poor sani-
tation, poor hygiene
Balantidiasis Balantidial Balantidiwn coli Cyst contamination Animals,
dyseatery of food or drink man
Source: Feachem, McGarry, and Mara, eds., Water, Waste and Heallh: 6-16, 75-94.

Kalbermatten, et al., Appropriate Technology for Water Supply and Sanitation:

E. Janevrz, J. L.

Melnick, E.

A Planner's Guide:

203-231 368-380, 454-460, 492-524.

A. Adelberg, Review of Medical Microbiology (Los Altes:

Lange,

1976):

7-19,

—-9{7-



TABLE 7

Water-Washed Diseases

Riological . . . io . s . iysical Envi
"3{ gical Disease Conmon Name Pathogenic Agent Reduction Transmission Mode Reservoir Physical PuV{roumcnt
Group () Preference or Comment
Bacteria Rickettisosis Typhus Rickettsia prowazekii, Human bitten by Man Poor hygiene
R. typhia Arthropods (tick,
mite, etc.) Rat
Skin Sepsis and Staphylococci, sp. 50 Human contact, air- Animals, { Poor hygicne
ulcers Streptococci sp. bourne contamination man
Trachoma Chlamydiae trachomalis 60 Human contact, shared Poor hygiene
shared cosmetics,
bathroom towels
Yaws Frambesia Treponems pertenue 70 Human contact with Hot, humid climate
children vnder age 15
Relapsing Fever Borrelia recurrentis 40 Rodent tick bite or Rodent Crowding, malnutri-
crushing tick into tion, cold climate
bite
Leprosy Mycobacteria leprae 50 Uncertain Man
Fungus Tinea Riugworm, Trichophyton sp., 50 Human contact or Animal, Hot, humid climate,
Athlete's Hicrosporum sp., transfer man poor hygiene
Foot Epidermophton
floccosum
Helminth Ascariasis Roundworm Ascaris lumbricoides 40 Fecal contamination
of tood or drink
Miscel- Non-specific Various 50

lancous

Dysentery

Continued
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Source:

TABLE 7 (Cont'd)
Water-Washed Diseases
Biological nran . s o Reduction | s .. | Physical Environment
Group Disease Conunon Name Pathogenic Agent () Transmission Mode Reservoir Preference or Comment
Non-specific Various 70 Poor hygiene
conjunctivitis
Scabies Various 80
Feachem, McGarry, and Mara, Water, Waste, and Health: 6-16, 75-95.
Kalbermatten, ¢t al., Appropriate Technology for Water Supply and Sanitation: A Planner's Guide: 7-19.
169-184, 196-202, 225-244, 258-261, 492-512.

Janetz, Melnick, Adelberg, Medical Microbiology:

C-8h=



TABLE 8

Water-Based Diseases

Biological

Reduction

Physical Environment

Group Disease Comnon Nosme Pathogenic Agent (%) Fransmission Mode Reservoir Preference or Comment
flelminth Clonorchiasis Chinese Clonorchis sinensis Uncooked freshwater Sunail,
liver fluke fish fish
Diphyllobo- Broad fish Diphyllobothrim Uncooked freshwater Copepeod,
thriasis tapeworm latum fish fish
Draconitiasis | Guinea worm Dracunculus 100 Drinking water in- Crustaccan | Rainy season
medinensis habited by Cyclops
Fasciolopsia- Giant Fasciolopsis buski Man or pig-aquatic Pig,
sis intestinal snail-aquatic snail

Pavagonimia-

fluke

fung fluke

Paragonimus

vegelation-man

Animal , man-aquatic

Animal,

sis westermani snail-crab or cray- man
fish-man
Schistosomia~ Bilharzia Schistosoma Penetrates skin in Snail Slowly flowing water with
sis hacmatobium snail infested water non-smooth banks
S. juponicum Penetrates skin in Snail Slowly flowing water with
snail infested water non-smooth banks
S. mansoni Penetrates skin in Snail Slowly flowing water with
snail infested waler non-smooth banks
Source: Feachem, McGarry, and Mara, Water, Waste and Health: 6-16, 75-95, 299-309.
Kalbermatten, et al., Appropriate Technology for Water Supply and Sanitation: A Planner’'s Guide:

492-512.
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Water-Related Diseases

TABLE 9

. o s Intermediate N .
"JQIObILdl Disease Common Name Pathogenic Agent Reduction Transmission Mode Hlost or Physical Environment
Group %) Res . Preference or Comment
eservoir
Virus Denegue fever Breakbone Arbovirus group B Bite of Mosquito Mosquito, Rainy season, water
tever (Dengue virus type (Aedes _aegypti) monkey storage containers,
1-4) shade, warm climate
Yellow fever Jsundice Arhovirus group B 10 Bite of tMosquito Mosquite, Rais:y season, water
(yellow fever virus) (A, aegypti) monkey storage container,
shade, warm climate
Non-specific Arbovirus
arboviral
infectious
Protozoa Malaria Plasmodia sp. Bite of Mosquito Mosquito Warm, humid climate
{Anopheles) below 6,000 feet
altitude
Trypanosomia~ Sleeping Trypanosoma 80 Bite of Tsete Fly Animals, River bank brush or
sis sickneszs N (Glossina_palpalis) man lake shore brush
T. gambiense
Helminth Filariasis Elephantitis | Wuchereria bancrofti, Bite of Mosquito Mosquito
Brugia malayi (Culicidac)
Onchocercia- River Onchocerca volvulus 20 Buftalo gunat or Gnat, Fly Rapidly flowing water
s5is bliudness black fly bite

Source: Feachen, McGarry, and Mara, Water, Waste and flealth, 6-16, 75-95, 299-309.

Ralberwatten, et

Junetz, helnick, Adetberg, Medical Microbiology:

352-367, 492-512.

at., Appropriate Technology for Water Supply aud Sanitation: A Planners Guide:

1-19.
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safe for use. In many cases a safe water supply means adequate sanita-
tion. Where such information has been indicated in the literature, the
mode of transmission, intermediate host/reservoir, and a comment have
been added to the table. The comment column is intended to highlight
those elements favored by the pathogenic agent, or a contributing factor
in the onset of the disease. Table 10 uses the same form as Tables 6
through 9 to indicate the pathogens found in human excreta with the ex-
ception that the percent reductioq column is omitted from Table 10. The
percent reduction column is omitted due to the interdependent nature of
water treatment and adequate sanitation. In summary this section has
reviewed the health conditions in developing countries which relate to
water treatment and sanitation. It has been found that a significant
portion of the population in developing countries are witaout adequate
water and/or sanitation. The following section attempts to trace the
investment necessary to break the water-sanitation-disease~malnutrition
cycle and to indicate the benefits to be derived in this type of infra-

structure investment.



TABLE 10

Pathogens Found in Human Excreta

Biological Intermediate Physical Environment
o8 Disease Commuen Name Pathogenic Agent Transmission Mode Host or ) Y
Group ! - Preference or Comment
Reservoir
Virus Non-specific ECHO virus, Human contact, fecal Man Warm climate
enterovirus coxsackievirus contamination of food
infection
Gastroenteri- Infantile Gastroenteritis Lype B, Unknown
tis, infantile diarrhea rotavirus
Poliomyelitis Polio Poliovirus 1-3 Hluman contact, fecal Man Poor sanitation, poor
contamination of a hygiene, warm climate
single source -
(water, ete))
Viral {nfectious llepatitis virus Fecal contamination Han Poor sanitation, poor

Bacteria

Hepatitis

Canpylo-
bacterial
diarrhea

Cholera

Guslroenteri~
tis

Hepatitis

Infantile
diarrhea

Type A

Vibrio cholerae

Escherichia coli

of a single source
(water etc.)

fluman contact, fecal
contamination of a
single source
(water, etc.)

Fecal contamination
of a single source
(water, etc.)

Animals,
man

man

Man

hygiene

Poor sanitation, poor
hygiene, vibrios sur-
vive in water up to

3 weeks

Poor sanitation, poor
hygiene

Continued



Biological
Group

Discase

TABLE 10 (Cont'd)

Pathogens Found in Human Excreta

Common Name

Pathogenic Agent

Transmission Mode

Intermediate
Host or
Reservoir

Physical Enviroument
Preference or Comment

Protozoa

Paratyphoid
fever

Salmonel losis
Shigellosis
Typhoid

Fever

Vibria}
diarrhea

Yersinosis

Non-specific
yersinosis

Balautidiasis

Amebic
dysentery

Typhoid or
enteric
fever

Food poising-
ing

Bacillary
PDysentery

Typhoid or
enteric fever

Diarrhea

Tularemia

Balantidial
dysentery

Salmonella paratyphi

S._typhimurium

Shigella dysenteriae,
Shigella sp.

Salmonella typhi
Vibrio sp.

Francisella

tularensis

Yersinia sp.
Balantidium coli

Entamoeba histolytica

Contamination of food
or drink

Contaminstion of food
or drink

Contamination of food
or drink

Contamination of {food
or drink

Contamination of food
or drink

Partially cooked wild
rodents, wild animal
excrela, contamina-
tion of food or
drink, deerfly bite

various
Cyst contamination of
food or drink
Cyst contamination of

or drink, flies may
may conlribute

Animal,
man

Animal,
man

Man
Animal,
man

Animal,
man

Rodents

Animal,
man

Animal,
man

Man

Poor sanitation, poor
hygiene

Poor sanitation, poor
hygiene

Poor sanitation, poor
hygiene

Poor sanitation, poor
hygiene

Poor sanitation, poor
hygiene

Priwarily an animal
disease

High carbohydrate/low
protein diet favors
development, poor
hygiene

Continued
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TABLE 10 (Cont'd)

Pathogens Fouand ia Human Excreta

Biological Tutermediate | pyyg;ca) Environment
& Discase Common Name Pathogenic Agent Transmission Mode Hfost or Y anmet
Group . . Preference or Conuenl
Reservoir
Giardiasis Flagellate Giardia lambia Cyst contamination of Common ia youad
diarrhea tood or drinks children
flelninth Ascariasis Roundworm Ascaris lumwbricoides Fecal contamination
of food or drink
Clonorchiasis Chinese Clonorchis sinensis Eating uncooked Snail,
liver fluke {freshwater fish fish
Diphyl toboth- Fish Diphyllobothrium Eating uncooked Fish, Temperature, climate
riasis tapeworm Tatum freshwater fish Copepod
Enterobiasis Pinworm Enterobius Anal-oral, self con- Man
vermicularis tamination and inter-
nal recontamination
Fascioliosis Sheep liver Fasciola hepatica From sheep to aquatic Sheep,
fluke vegetation to man snail
Fascivlopsiasis Giant Fasciolopsis buski Man or pig to aquatic Man, pig,
intestinal suail to aguatic veg- Snail
f luke etation to man
Gastrodiscoi~ Gastrodiscoides Pig to aqualic snail Pig,
diasis hominis to aquatic vegetation snail
to man
Hetero- Intestinal lleterophyes Uncooked fish Fish
phyiasis fish fluke heterophytes (mullet)

of man

Continued
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TABLE 10 (Cont'd)

Pathogens Found in Human Excreta

Biological Intermediate Physical Environment
Gr g Disease Common Name Pathogenic Agent Transmission Mode Host or y
roup ) . Preference or Comment
Reservoir
Hookworm Ancylostoma Through skin, infect- Soil Warm, humid climates
duodenale, Necator ed soil, contaminated ’
americanus water

Hymenalep- Dwarf flymenolepis sp. Infected insects from Rodent,

iasis tapevorm rots or mice man
Metagonimia- Intestinal Metagonimiasis Uncooked fish

sis fish fluke yokogawai

of man
Opisthor- Asian liver Opisthorchis Uncooked fish
chiasis fluke Felineus,

Paragoni-
miasis

Schisto~
somiasis

Schistoso-
miasis

Schisloso-
miasis

Lung [luke

Bilharzia
worm, blood
fluke

Jupanese

blood fluke

Manson's
blood fluke

0. viverrini

haematobiun

5. Jjaponicum

Animal or man to
aquatic snail to
crab or crayfish

Larvae penetrate skin
in snail-infested
waters

Larvae penetrate skin
in snail-infested
water

Larvae penetrate skin
in snail-infested
water

Animal, man

snail, crab

Snail

Snail

Snail

Slowly flowing water
with non-smooth banks

Slowly flowing water
with non-smooth banks

Slowly flowing water
with non-smooth banks

Contiaued



TABLE 10 (Cont‘'d)

Pathogens Found in Human Excreta

Biological Intermediate Physical Enviromment
Bie Discase Common Name Pathogenic Agent Transmission Mode Hlost or ys
Group . Preference or Comment
Reservoir
Strongyloid- Threadworin Strongyloides Larvae penetrate skin Warm humid climates
iasis stercoralis through human cou-
tact, possibly
through dog-man con-
Lact
Taeniasis Beef Taenia_saginata Uucooked beef Cattle
tapeworn
Tacniasis Pork T. solium Uncooked pork Pig
Lapeworm
Trichuriasis Whipworm Trichuris trichiura fngestion of worms Soil
from feces-contami-
J nated soil

Source:  Feavhem, McGarry, and Mara, Water, Waste and_llealth: 6-16, 75-95, 299-309.

A Planner's Guide: 7-19.

Kalbermatten, et al., Appropriate Technology for Water Supply and Sanitation:

Janetz, Melnick, Adelberg, Medical Microbiolopy: 169-184, 196-244, 258-261, 352-380, 454-460, 492-52f.



The Economics of Water and/or Sanitatien Investments

In the spring of 1977 the United Nations sponsored a conference
at Mar del Plata, Argentina concerning the provision of safe water and
adequate sanitation to those people without either or both. At the time
the number of individuals without adequate water/sanitation was estimat-
ed at 1.07 billion excluding China. The provision of adequate water and
sanitation was estimated to cost $60 billion for an adequate water sup-
ply and up to $600 billion for adequate sanitation.5% The magnitude of
this investment is large and it seems reasonable to ask what benefits
will accrue from the proposed investment. Although history is replete
with reference to the necessity of providing potable water and adequate
sanitation there are great ambiguities concerning the benefits accruing
to such provision. Since reliable benefit quantification is generally
not available, water/sanitation investment programs are often compared
on the basis of qualitative benefits and/or the life cycle cost of the
alternate treatment schemes where the costs are estimated by engineering
cost accounting. The qualitative benefits are generally considered to
be improvements in health, economic development, and income redistribu-
tion. Since the benefit analysis basically reduces to a subjective

judgement concerning improved health it becomes of paramount importance

5‘-’Kalbermatter, Julius, and Gunnerson, Appropriate Techmology
for Water Supply and Sanitation: A Planners Guide: 1.




that the selected technology be operable under local conditions and
acceptable to local users. The World Bank has defined such technology
as follows: "The most appropriate technology is defined as that which
provides the most socially and envirommentally acceptable level of ser-
vice at the least ecomomic cost."5! If one looks at the historical de-
velopment of water and sanitation treatment technology there has been an
interdependent evolution of two factors: treatment goals and treatment
technology. Over time treatment technology has become more sophisticat-
ed and treatment goals more stringent in addition to the identification
additional pollution constituents to be removed from the wastewater.
Treatment technology has followed the familiar S curve evolution of in-
vention, innovation, displacement. Figure 7 applies the S curve analy-
sis to water treatment using filtration technology as an example.52 As
increased efficiency of removal was required filtration technology moved
from slow sand, then to rapid sand, and finally to multimedia/settling
tubes/poly electrolytes filtration. Figures 8 and 9 indicate the move-
ment that has taken place in water/sanitation pollution removal goals
over time. Clearly both treatment goals and treatment efficiency can
have a strong positive correlation with time; however, the point arises
as to whether developed and developing countries are moving along the
same time path or along a different time path with respect to develop-
ment. If developing countries are moving along the same time path but

merely displaced on the development curve then the use of treatment

SlKalbermatten, Julius, and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: A Planners Guide: 3.

52Reid and Coffey, eds., Appropriate Methods: 30. See Chapter
IT and VI for a complete discussion of the technology issue.




Efficiency of Removal

multimedia filter, settling
wbes, polyelecerolytes

rapid sand filter
(Al, Fe)

slow sand filter

Time (urbanization and increased resource use)

Figure 7. Development of water treatment technology.

Source: Reid and Coffey, eds,, Appropriate Methods: 21,



Increase in Restrictiveness of Removal Goals

carciinogens

viruses

chemicals, toxicants

organics

solids (total dissvlved solids)

Larduess, wste and odor

baceeria

Increase in Socio-tconomic Level

Figure 8. Constituents to be removed in water treatment.

Source: Rueid and Coffey, eds., Appropriate Methods: 19,
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R.emoval’ God§

trictiveness or

Increase in Rest

thermal pollution

nitrogen

phosphorus biodegradable material (BOD)

sulids (suspended solids)

Source: Reid and Coffey, eds, Appropriate Methods:

Increase in Socio-Lconomic Level

Figure 9. Constituents 1o be removed in wastewater ereatment.
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technology would be heavily oriented toward previous experiences in de-
veloped countries during their develcping stage. If developing
countries are moving along a different time path then regressive techno-
logy applications may not suffice as appropriate treatment. In displac-
ed time path development, water/sanitation technology application might
well find "high" technology as viable solutions for developing coun-
tries. In many developing countries the national economy has a dichoto-
mous nature; i.e., there is one part of the economy developing in step
with developed countries while a second part of the economy is develop-
ing in step with conditioms existing over 50 years ago in the United
States. Available evidence indicates that water treatment/sanitation
technology selection in developing countries will require both "high"
technology and retrogressive technology.53 This analysis would indicate
that a dual economy may have sectors which are proceeding along a con-
tinuous development time path while other sectors are moving along a
discontinuous development time path. In either case the selection of
technology must be appropriate to the local conditions if it will faci-
litate a development plan. The remainder of this section will focus on
the data relative to the level of investment expected during the Water
Decade, the nature of the relationship between water/ sanitation invest-
ment and the expected health benefits, and the economic impacts of the
investment.

The level of investment required to adequately treat water and

provide sanitation to the world's needy has been estimated by several

53Reid and Coffey, eds., Appropriate Methods: 28-33.
Kalbermatten, Julius and Gunnerson, Appropriate Technology for Water
Supply and Sanitation: A Planner's Guide: 9.
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groups; the World Bank, the World Health Organization (WHO), etc. Typi-
cal of the data is Table 11 which indicates the United Nation's estimate
of the fund necessary to meet the Water Decade goals. As can be seen
the WHO goals of 1007 of population served would require a
disbursement of $51.4 billion on water treatment and $32.3 billion on
sanitation. The World Bank has placed the disbursement level at $60
billion for water treatment and between $300 and $600 billion for sani-
tation. Both of these calculations exclude the People's Republic of
China (PRC) which may include an additional one billion people who must
be supplied with water treatment and sanitation technology. It seems
unreasonable that long-term planning in international organizations can
ignore the needs of the PRC. It seems more reasonable that funding lev~-
els through the year 2,000 will address the issue of adequate water
treatment and sanitation for PRC in addition to the remainder of the
world. If the investment were undertaken during the Water Decade such
an inclusion could double the investment levels needed to provide ade-
quate water treatment and sanitation to the world. Regardless of the
eventual level of investment in water and sanitation technology there is
ample evidence, excluding the PRC, regarding historical data on dis-
bursement of funds for water and sanitation investment.®* Tables 12 and
13 indicate the investment undertaken in water and sanitation by se-
lected regions and countries of the world. The data is displayed to
emphasize the variation between internal and external financing in addi-

tion to the urban/rural split. The WHO report calls for an allocation

S4The data available from the PRC is not extensive. Perhaps
the lack of data invites the exclusion of the PRC.



TABLE 11

Investment Required to Meet Targets in 1990 and Population Data
(Millions of 1977 U.S. § and % of Population)

Community Water Supply Community Sanitation
Item Urban Rural Urban Rural
House Stand | . House Home
Connection Pipe Total | Total Connection | System Total | Total
Percentage of Population 57 20 77 22 25 50 75 15
Served in 1975
Percentage of Population 57 43 100 100 25 75 100 100
Served in 1990
Investment Required to Meet 34,500 16,900 | 51,400 40,800 13,900 18,440 1 32,340 | 8,400
Targets in 1990

Source: United Nations "Report on Community Water Supplies," United Water Conference, Mar Del
Plata, Argentina, 14-25 March 1977, Report E/Conf. 70-14 (New York: 1977):

25.
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of investment between urban and rural of 61 and 39 percent respectively.
A glance at Tables 12 and 13, the percent urban te total investment
columns, indicates that such a policy would be a deviation from practice
for all regions except Africa and South-East Asia (mean = 23.1 rural,
standard deviation = 14.4). Montanari estimates that the Word Bank dis-
bursed just over one billion dollars on water and sanitation projects
during the period 1963 to 1978.%° The provision of the funds indicated
above is a monumental task which will require international cooperation
beyond a simple "call to arms." Such cooperation will occur only
through an understanding of the likely economic effects. The next sec-
tion of this review will investigate the economic effects of water/sani=~
tation investment.

For development economics a fundamental question concerns ef-
fective quantification for the economic cost and benefits related to a
particular investment in public goods. There are several ways to mea-
sure economic benefits as summarized in Table 14. None of the methods
provide a flawless analysis procedure but there are four common problems
inherent in the analysis.56 First, there are multiple infective
sources, or transmission modes, for many diseases. This multiplicity
dilutes the ability to specify benefits occuring to a particilar health
project. Second, there are a variety of physical and cultural factors

at local sites which tend to compound the analysis of alternatives.

SSF. W. Montanari, "World water supply and sanitation decade -a
multi-billion dollar public works program,"” American Public Works
Reporter, (June 1979): 24.

56Saunders and Warford, Village Water Supply: 34-35.




TABLE 12

Investments in Community Water Supplies During 1971 - 1975
(In Millions of 1977 U.S. §)

—
National External
Region or Total % External { % Urban
Country Urban Sub- Urban Sub- to Total to Total
total total
Africa 134.7 228.71 114.5]170.0 326.7 42.9 62.8
Americas 2,106.4 12.010.9] 309.1 | 342.4 | 2,357.2 14.5 100.0
Eastern 1,337.1 | 1,793.8) 53.8] 138.8|1,932.6 7.2 73.0
Medilerrancan
Enrope 889.4 | 1,157.2 1.0 1.0 11,155.5 .09 77.1
South-East Asia 593.9 {1,074.91 111.4} 142.9 | 1,217.7 11.7 57.9
Weslern Pacific 240.5 289.8] 100.6 ] 102.3 384.6 26.6 86.9
Total 5,302.0 §6,555.31 690.4 | 897.4 | 7,444.3 12.1 80.4
No. of Comotries 63 66 66 65 62 64
Chad .9 1.0 3.1 3.1 4.1 75.6 97.6
Kenya 10.1 22.3 8.0 10.0 32.3 24.8 56.0
Upper Volta .6 1.1 9.0 13.0 14.1 63.8 68.1
Bolivia 9.4 1.3 31.4 32.1 43 .4 12.4 94.0
Mexico 203.7 356.5 - - 356.5 0.0 -
Panama 20.4 26,01 25.01 28.3 54.3 52.1 83.6
Bangladesh S51.1 72.0{ 15.0] 31.8 103.8 31.6 63.17
Indonesia 43.4 53.3) 20.0} 23.8 17.1 30.9 82.2
Thailand 100.8 153.6 75.0 76.0 229.6 33.1 76.6

Source: World Health Organizalion, World llealth Statistics_Report, Vol. 29, No. 10
(Geneva 1976):  581-583.
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TABLE 13

Investments in Excreta Disposal Facilities During 1971 - 1975
(In Millions of 1977 B. S. §)

National Extercnal
o % External | %4 Urban
Régamtnror Urban Sub- Urban Sub- | Total Regional | Regional
atry total total Lo Total to Total
Africa 44.8 47.0 1.4 1.4 54.4 13.6 96.0
Americas 1,272.7 } 1,187.8 | 63.3 | 62.2 |1,250.0 - -
Eastern 805.1 7691 8.9 ] 26.6 775.7 - -
Mediterranean
Europe 448.4 504.6 .0 2.0 500.4 4 90.0
South-East Asia 53.5 59.2 NA 6.6 65.8 10.0 91.0
Western Pacific 112.9 118.4 ] 23.4 | 23.6 162.0 16.7 96.0
Total 2,737.4 1 2,666.2 ] 111.4 [128.4 |2,788.4 4.6 93.2
No. of Countries 59 58 60 60 58
Chad - - - - - - -
Kenya 21.6 21.6 .9 .9 22.5 4.0 100.0
Upper Volta - - - - - - -
Bolivia 7.4 10.4 .5 .5 10.9 4.6 72.5
Mexico 624.5 626.3 - - 626.3 - -
Panama 9.0 10.0 2.6 2.6 12.6 20.6 92.1
Baugladesh .8 5.0 ) 6.0 86.7 85.0
ludonesia .3 4.8 .6 .6 5.4 11.1 16.7
Thai Yand 52.8 53.3 - - 53.3 - -

Source: World Health Organization, World Health Statistics Report, Vol. 29, No. 10
(Geneva 1976): S584-587.




TABLE 14

Economic Benefit Measurement and Associated Analysis Problems

Valuation Measure

Analysis Problems

Willingness to pay

Economic value of increased, and/or
healthier, lifespan

Present value of output generated
minus consumption

Implicit value from previous govern-
mental health programs

Aggregate death and disability
premiums

Socio~economic quality of life
index methods

Cost effectiveness methods

Cost-benefit analysis

1.
2.

—

—

Demand is a function of education
and income, both interdependent.
Water/sanitation is an investment
and coasumption good.

. Questionnaire/interview may intro-

duce bias through the structure
of questions.

. Considers income generation oaly,

the value or quality of life is
not included.

. Assumes GNP maximization is

society's goal.

. Considers only income genera-

tion (see above).

. Assumes GNP maximization is

society's goal.

Politics generally most decisive
factor in determining the quantity
and location of health investments.

Insurance may reflect value to
beneficiaries.

. Ignores those individuals with-

out sufficient disposable income
to participate in insurance.

. Generally not suitable for micro

or project level analysis.

. Data is difficult to gather.
. Cannot get specific cost-bepefit

relationship.

. Cost, and/or service rates, may~

be reduced for political reasons.

. Macro~economic goals such as

employment may not be reflected.

. all benefits must be the same

for all alternatives.

. External benefits are often

excluded in the analysis.

. Misleading results may occur when

projects are mutually exclusive.

Source:

Saunders and Warford, Village Water Supply:

47-53. Johan A.

Sinden and Albert C. Worrell, Unpriced Values:
Without Market Prices, (Mew York:

Decisions

Wiley, 1979): 1303-363.
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Third, the removal of all pathogenic agents associated with water/
sanitation investwents would be prohibitively expensive. This results
in a compromise in terms of health and compounds the analysis of alter-
natives. Fourth, attempts to tradeoff between cost and benefits in-
volves quantification of '"better" health. At the present time such
quantification is not possible. Saunders and Warford summarize the

problem as follows:

An improvement in water supply and sanitation can generate
interrelated improvements in health, income, and social welfare.
Although such benefits are used to justify massive investments
expenditures, in practice they are hard to identify and harder
to measure. While it is possible to make rational decisions
about unquantifiable goals or benefits if their economic costs

are known, even this information is often unavailable.37

These factors combined to prevent a direct analysis link between econom-
ic output and improved health. Several authors indicate that adequate
water and sanitation is a necessary but not sufficient condition for
economic development.®® The Feachem, McGarry, and Mara study indicates
there are immediate goals to be accomplished, three stages of benefits
to be derived, and complementary inputs necessary for facilitating the

goals/benefits (see Tables 15 and 16). Saunders and Warford separate

57Saunders and Warford, Village Water Supply: 31.

58Feachen, McGarry and Mara, Water, Waste, and Health: 78,
137-8. Saunders and Warford, Village Water Supply: 61.




TABLE 15

Aims and Potential Benefits of Water Supply Improvement

Immediate Stage I Stage 1I Stage III
Aims Benefits Benefits Benefits
Improved Water: Save time Labor release Higher cash incomes

Quality
Quality

Availability

Reliability

Save energy

Improved health

Crop innovation
Crop improvement

Animal husbandry
innovation

Animal husbandry
improvement

Increased and more
reliable subsistence

Improved health

Increased leisure

Source:

Feachem, McGarry, and Mara, Water, Waste and Health:

79-80.




TABLE 16

Complementary Inputs Necessary for the Achievement of the
Various Aims and Benefits Setout in Table 15

Aim or Benefit

Complementary Inputs or Prerequisite Conditions

Immediate Aims

Stage I Benefits

Stage III Benefits

Stage III Benefits

Active community participation and support.
Competent design.

Adequate facilities for operation and maintenance.
Appropriate technology utilized.

New supply used in preference to old.

New supply closer to dwellings than old.

Water use patterns changes to take advantage of
improved quantity, availability and reliability.

Hygiene changed to utilize improved supply.

Other environmental health measures taken.

Supply must not create new health hazards (e.g.,
mosquitos breeding sites).

Good advice and extension services must be provided

by government personnel coaczrned with agriculture,
animal husbandrv, cooperatives, marketing, education,

credit, etc.

Water supply development must be just a single compo-
pply J

nent of an integrated rural development program

which has the active support of the local community.

Source: Feachem, McGarry, and Mara, Water, Waste, and Health: 77-20.

71~
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the macroeconomic effects into three areas: economic growth, redistri-
bution of income, and balance of payments.sg A water supply/sanitation
program will lead to economic growth if the external funds would not
have been received otherwise, if the country is not fully employing in-
digenous resources, and if the decrease in savings from within country
increases aggregrate demand. Redistribution of income will occur if
government revenues are derived from taxation. Balance of payments pro-
blems may arise in developing countries where capital is scarce and un-
skilled labor is relatively cheap. The positive short run effects are
increased irrigation of vegetables, increased local fish farming, and
increased livestock watering. If individuals must contribute funds to
the cost of the project then disposable income may be reduced and a neg-
ative short run effect will be realized. The positive long rvn effects
include direct economic effects, reduction in mortality, reduction in
morbidity, reduction in disease spread, increased time for work and lei-
sure, decrease labor cost due to disease averted, and decreased migra-
tion from rural to urban where rural investment is undertaken. The
direct economic effects include increases in the economic infrastruc-
ture, increases in economic activity, and increases in property tax rev-
enue. Unfortunately no direct link has been established between econom-
ic output and health at the project level. There are two ways to mea-
sure the effect of reduction in mortality. The first method stresses
changes in gross output for a given untimely death. The second method

attempts to measure the change in net output, gross output minus

59Saunders and Warford, Village Water Supply: 56-61.




-73-

consuitption, for a given untimely death. The first method stresses
gross output as a societal goal while the second method stresses consum-
ption as a social goal. Reduction in morbidity results from decreases
in worker absentee rates, increased worker productivity, and decreased
earnings due to home care. There is a synergic effect if investment in
education is coordinated with the investment in water supply/sanitation.
For developing countries the effect of underemployment and unemployment
may negate the benefits due to reduction in morbidity. Reduction in di-
sease spread occurs through two mechanisms: reduction in the level of
pollution reduces transmission and increased body resistance to an in-
fective dose. Once the disease spread is hampered the benefits are
gained through reduction in mortality, etc. The provision of more con-
venient water supply/sanitation generally reduces the amount of time
spent in collection of water for household usage. The collection of
water is generally the work of women and children in developing coun-
tries with the result that increases in available time may not signifi-
cantly affect benefits if there is substantial under/unemployment. Eco-
nomic costs may be averted if the water supply/sanitation investment re-
sults in reduced expenditures on health or medical expenses. Rural mi-
gration to urban areas may be reduced if the water supply/sanitatibn is
directed to rural areas. The World Bank study, in addition to Saunders
and Warford, finds no evidence for health/medical cost averted or signi-
ficant effects on migration. It is unfortunate that the practical as-
pects of benefit estimation are not possible. The situation is illus-

trated by the following:
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A major theme of this book is the extreme difficulty of
predicting the effects of investment in rural water supply and
sanitation. A satisfactory basis on which to allocate funds
to the sector as a whole is therefore lacking, as well as a
method of rapking projects within the sector. . . . but at
the present intuition is the primary guide as to the merits

of competing projects.éb

The relationship of benefits to investment is not only tenuous but some
ramifications are, in fact, distinctively negative (e.g., the provision
of additional unskilled labor is likely to acerbate labor conditions in
dual economies where unskilled labor is generally underemployed and over
supplied). In summary, at the present time it is possible to discuss
the theoretical aspect of the benefits resulting from the provision of
adequate water and sanitation but it is not possible to quantify the

basic relationships.

693aunders and Warford, Village Water Supply: 164.




Summary

This literature review has considered three main areas of
investigation: technology selection models, the relationship between
water supply/sanitation and health, and the relationship between invest-
ment water supply/sanitation and economic benefits. The four technology
selection models individually provided both advantages and disadvant-
ages. None of the current models were found perfectly tuned to condi-
tions in developing countries. It is quite clear that a significant
investment in water supply and sanitation will be undertaken in the
1980's. It cannot clearly be established what relationship exists be-
tween this type of investment and public health. In addition, even if
the investment/public health data existed it would not be possible to
segregate the effects so that economic benefits could be quantified in a
meaningful fashion. It is quite clear that a link between adequate
water supply and sanitation and public health exists in the aggregrate.
It is also clear that investments in this type of infrastructure provide
a necessary but not sufficient condition for economic development. Un-
til the separate linkages can be established a need exists to provide a
technology selection model which facilitates planning in developing
countries. Since benefit analysis basically reduces to a subjective
judgement concerning public health it becomes of paramount importance
that the selected technology be operable under local conditions (i.e.,

there is a need to encourage the selection of appropriate technology).
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Since the selection will be based on qualitative benefits and estimates
of life cycle cost associated with alternate treatment schemes, there is
a need for the planning process to evaluate the semsitivity to design

factors during the selection process. The following chapter develops a

selection model which responds to these planning needs in developing

countries.



CHAPTER III
MAPMAT METHODOLOGY

Introduction

MAPMAT represents an attempt to focus high techmology, in the
form of hardware and software (icformationm, etc.), on the problem of se-
lecting appropriate technology. Previous sections of this paper have
indicated the need for the selection of appropriate technology in water
treatment and sanitation technology and the investment necessary to mit-
igate the related health problems in developing countries. Several
technology selection models have been reviewed to indicate the basis
from which MAPMAT arises. MAPMAT intends to fulfill the following de-

sign criteria:

1. The selection of water treatment and/or sanitation techno-

logy which is appropriate to local resource availability.
2. The selection of water treatment and/or sanitation
technology which is responsive to local health conditions

and social/cultural customs.
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3. The selection methodology includes interactive sensiti-

vity analysis to facilitate the planning process.

4, The selection framework includes a common interaction

reference for an interdisciplinary group of plannmers.

5. The selection methodology incorporates the technology
appropriate to both urban and nucleated village conditions

in developing couvntries.

6. The selection methodology addresses the issue of using
economic cost analysis as opposed to engineering cost

analysis.

7. The selection methodology provides engineering design

level data using telecommunication.

8. The selection methodology incorporates multiobjective
optimization rather than selection of the least cost

alternative.

Criteria 1, 2, 3, 4, and 5 are fulfilled using an enhanced com-
bination of the USAID/RZ%D and WBANK selection models. Criteria 6 ful-
fills the philosophical intent of WBANK with respect to economic
costing of alternatives. Criteria 7 is fulfilled using an automated
telecommunications link to CAPDET. The fulfillment of Criteria 8 is
closely connected to the optimization technique of EXEC-OP. The design

of MAPMAT, and by implication the fulfillment of the design criteria,



represents a logical extension of the previous work in the area and a
merging of the elements into an intergrated system. The following para-
graphs will discuss MAPMAT in terms of technology selection, optimiza-
tion procedure and unit process cost, semsitivity analysis, telecommuni-

cation module and the statistical module.



MAPMAT Screening Algorithm

The thrust of MAPMAT is to provide a tool for knowledgeable
planners. The planner is expected to be able to select combinations of
treatment technology which will fulfill treatment and health goals. The
telecommunication link to CAPDET allows a check of the engineering de-
sign to ensure that treatment and health goals are accomplished. MAPMAT
considers four main areas of constraints: technical, social/cultural,

resource, and health. Technical constraints include:

—
.

Population density.

2. Water quantity requirement.

3. Sludge disposal requirement.

4. Sewage connection requirement.

5. Sullage disposal requirement.

6. Height of groundwater restriction.

7. Water connection requirement.

The population density technical constraints attempts to
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eliminate technologies that becomg inappropriate as population growth
occurs. In general this is due to the nature of the technology. For
example, one of the lowest levels of sanitation technologies, ventilated
improved pit laterine, becomes inappropriate as population density rises
due to the inability, and rising unavailability, of land to adequately
degrade the toxic materials. As the population density rises there
would be less land available for digging laterines and the health hazard
would rise as the available land must be reused sooner. The result is
that some technologies become inappropriate after a certain population
density.!

The water quantity technical constraint indicates the quantity
of water required, in liters per capita per day (LPCD), to properly
maintain the technology. This level varies based on the basic design of
the technolegy with some technologies requiring no water while others
may require 75 LPCD for proper operation.

The sludge disposal technical constraint indicates that the
treatment technology will require the disposal of sludge at the local
site. This disposal represents a need to access the treatment physi-
cally in addition to the need for adequate disposal following collec-
tion. As an example the septic tank technology requires periodic
desludging to maintain proper operation while the nature of the venti-
lated improved pit laterine removes the need for sludge disposal.

The sewerage connection technical constraint indicates if the

basic nature of the technology requires access to a conventional sewer

}The technical constraints section follow closely the WBANK and
USAID/REID formulations and the work by Feachem, McGarry, and Mara.
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for proper operation. Certain technologies such as a sewered pour-flush
toilet requires the existence of a sewer system while other technolo-
gies, such as the rotating biological contactor, assume the existing of
water-bourne sewage collected to a central point. By implicatiom, of
course, the central collection would occur as a result of conventional
sewerage connections.

The sullage disposal technical constraint indicates the neces-
sity of providing on-site disposal of sullage. Certain technologies,
e.g., septic tank treatment, can accommodate sullage disposal as an in-
tegral element of the operation of the technology while other technol-
ogies, e.g., pour-flush toilets may require the addition of separate
sullage disposal ability to insure adequate operation.2

The height of groundwater technical constraint recognizes that
certain sanitation technologies may create a problem of contamination if
the effluent leaches into the local water supply. In general these pos-
sible contaminations will occur where the design of the technology uses
the soil as a soakaway (see Figure 11 for examples of soakaways used
with sanitation technology).

The final technical constraint, site water connection, indi-
cates the level of water comnection required for the proper operation of
the technology. The levels are no water connection required, a stand-

pipe connection in the near vicinity, a yard connection at the dwelling,

“The WBANK study indicates that the conveyence of conventional
sewage is the primary advantage of conventional sewer technology over
on-site disposal technology. The disposal of sullage represents much of
this conveinience. See Kalbermattten, Julius, and Gunnerson,
Appropriate Technology for Water Supply and Sanitation: Technical and
Economic Optioms: 17-18.
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and a house connection.
The second major technology constraint is the social and cul-

tural area which includes the following subdivisions:

1. Anal material usage restriction.

2. Visible excreta restriction.

3. Fly or mosquito inhibitor restriction.

4. Humus handling, or reuse, restriction.

5. Level of user education required.

6. Level of infrastructure required to organize operation and

maintenance.

The anal material usage social/cultural constraint indicates
the effect of various commonly used materials on the operation of the
technology. Several sanitation technologies cannot accommodate cleans-
ing materials such as mudballs, corn cobs, grain or cement sacking, etc.
The double-vault composting toilet camnot tolerate an excessive quantity

2ge. The WRBANK study indicates a maximum of 10 LPCD for this

of water ng
type of technology. The use of water as an anal cleansing material
would restrict the use of such technology in many developing countries
where most anal cleansing is accomplished by water rimse.

The visible excreta social/cultural constraints indicates the

disfavor which many societies, both developed and developing, have with



visible excreta. If the viewing of adult excreta is objectional, indi-

viduals may refuse to use the technology even if the only alternative is
defecation in the open. Objection to the sight of excreta would destroy
the usefulness of an aquaprivy regardless of the nonviolation of other

constraints.

The fly/mosquito inhibitor social/cultural constraint indicates
those technologies which may provide especially favorable habitate for
various water-related diseases such as yellow fever, etc. The technolo-
gies affected, e.g., ventilated improved pit laterines for sanitation
and pretreatment for water supply, may produce favorable conditions for
disease transmission unless an inhibitor, such as an insectcide or me-
chanical cover, can be included with the technology. The willingness
and ability of the local user to effectively employ the inhibitor be-
comes critical to the success of the technology.

The humus handling, or reuse, social/cultural constraint in-
dicates those technologies where the local individual is likely to be
required to dispose of a residual generated by the technology. The san-
itation technology ventilated improved double pit laterine represents a
technology which could required local participation in removal/disposal
of the residual produced during the composting. If there is local re-
sistance to the use of the residual in agricultural endeavors then these
technologies may not be viable alternatives. In addition if there is
local resistance to the handling of the residual, the technologies are
not likely to be appropriate to local conditions.

The level of user education social/cultural constraint indi-
cates that some technologies will require a low level of instruction for

local users while other technologies will require a high level of
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user education if the techneclogy is to be adequate to local conditions.?®
Some technologies simply require a greater comprehension by the user of
the health-treatment relationship to be useful. Conventional sewage re=
presents a case where almost no significant education is required since
the transport system moves the potential hazard to a concentrating loca-
tion. The ventilated improved pit laterine requires a low level of edu-
cation for adequacy, however, the design nature of the double-vault com-
posting toilet requires a knowledge of the proper mix of organic mate-
rials to be supplied, etc., if the technology is to be successful.
The level of infrastructure social/cultural constraint indi-
cates the necessity to provide a leccal organizational network, or induce
individual respomsibility, to operate and maintain the technology. In
the case of an containment filter for water supply technology or a Reed
Odorless Earth Closet for sanitation technology, once the user is pro-
perly educated in the usage the level of organization effort necessary
to maintain tﬁe technology properly is low, however, a sanitation tech-
nology such as vault and cartage or a water supply technology such as
chlorination require a high level of local infrastructure to operate and
maintain the technology. This may indicate a higher operation cost but
volunteerism could be a significant factor in offsetting such cost. The
salient point is that it is the infrastructure which must exist as an
effective network to support local development rather than the relative-

ly higher cost of operation.

SUser education represents a complementary investment in this
case, however, the critical emphasis here is not the additional invest-
ment which must be undertaken but the actual complexity, and therefore,
precariousness, of the technology to the level of education provided to,
and accepted by, locals.



The third major area of constraiuni is resources.

constraints can be subdivided into the following:

types of

1.

Labor

Construction {(Unskilled)

Operation and (Semi-skilled)

Maintenance (Skilled)
(Professional)

Equipment

Electrical
Laboratory
Electronic

Supplies

Chemicals

Process

Operation and Maintenance
Laboratory

Energy
Electrical
Other (gasoline, diesel, etc.)

Miscellaneous

Land
Organic Matter (straw, leaves, etc.)

-87-

The resource

The labor resource constraints indicates the necessity for four

labor:

1. Unskilled, e.g., common laborer.

2. Semi-skilled, e.g., apprentice electrician.
3. Skilled, e.g., electrician

4. Professional, e.g., engineer
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The technologies are constrained differently depending on the
nature of the requirement: construction or operation and maintenance.
In general sanitation and water supply technologies require a higher
level of skill in construction compared to operation. The second re-

source constraint is equipment. The subdivisions of this comstraint

include:

1. Electrical equipment, e.g., pumps, motors, etc.
2. Laboratory equipment, e.g., balance, disk washer.

3. Electronic equipment, e.g., pH meter, calculator, computer.

Except for labor and land, all resource constraints are intended for
operation and maintenance. This reflects the fact that construction
materials are often available from the major urban areas, provided by
the funding agency, or connected to the foreign exchange component of
funding through an international lending organization. These subdivi-
sions are based on the technical details of the various treatment
technologies.

The supplies resonrce constraints indicate the major elements
of supplies needed for the overation and maintenance of sanitation and

water supply technology. The subdivisions for this constraint include:

1. Chemical supplies, e.g., lime, chlorine.

2. Process supplies, e.g., pipe, valves, tubing.
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3. Operation and maintenance supplies, e.g., sand, gravel,

water.

4, TLaboratory supplies, e.g., test tubes, filter paper.

All of the operation and maintenance resources are expected to be readi-
ly available or will be continuously supplied by a central agency to the
local site. The supplies resource constraint would be especially criti-
cal due to the high levels of continuing usage.

The energy resource constraint indicates the usage of electri-
cal power or other energy medium such as gasoline, diesel, etc. for op-
erating vehicles, etc. The levels of the electrical subdivision reflect

an adaptation of the Metcalf and Eddy, Inc. analysis of pumping station

design:?¢
Class Capacity range
None Lights only or none
Low (small) 200-700 gpm
Medium (intermediate) 700-10,000 gpm
High (large) 15 million gallons per day

The levels of the other energy subdivision indicate the likely need for

the use of vehicles in the operation of the technology.

“Metcalf and Eddy, Inc., Wastewater Engineering: Collectiom,
Treatment, Disposal (New York: McGraw-Hill, 1972): 204.
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The miscellaneous resource constraint indicates the relative
level of land required for the technology construction and operation in
addition to the requirement for organic matter such as straw, leaves,
etc., to be used in the operation of the technology. The land require-

ment reflects the general parameters of the separate technologies as

follows:S

Class Requirement for Land (acres)

Low Less than one-tenth of an acre

Medium Between one-tenth and one-half an acre
High Greater than one-half acre

The organic matter subdivision of the miscellaneous resource constraint
reflects the requirement for compost balancing materials in sanitation
technologies.

The fourth and final major constraint classification relates to
the possibility of certain technologies to favor the development of
related health problems. There are three major subdivision in this
classification: helminth, insect, and heavy metals. All of these re-
strictions are interdependent with social/cultural habits but rely pri-

marily on the connection between a hazardous entity, unfavorable health

5These divisions are based loosely on the design recommenda-
tions for sand filters by Fair and Geyer, and the design of activated
sludge processes by Metcalf and Eddy, Inc. See Gordon M. Fair and John
C. Geyer, Elements of Water Supply and Waste-Water Disposal, (New York:
John Wiley and Soms, 1958): 369. Also see Metcalf and Eddy, Wastewater
Engineering: 519-522.
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conditions in the local area, and technology design. For the helminth

major classification there are three subdivisions:

1.

Food transmission where the helminth related disease is

transmitted by the human consumption of raw or partially
cooked meat, i.e., fish, beef, pork, crab, etc. Examples
of these diseases include clonorchiosis and

diphyllobothriasis.

Water transmission where human contact with snail/host
residing in water leads to the diseases; e.g., dracontiasis

or schistosomiasis.

Soil transmission where human contact with excreta conta-
minated soil allows transmission. In general the helmiuth
eggs mature in the soil until passage to the human.

Examples of these deseases include ascariasis and hookworm.

Certain technologies, no treatment or pretreatment for water supply and

aquaculture or land treatment for sanitation, may actually be hazardous

to health if local sites experience specific health conditions. If in

the local area raw or partially cooked meat, i.e., fish, beef, pork,

crab, etc. will be consumed and there commonly exist helminth related

diseases such as clonorchiosis and diphyllobothriasis then several

sanitation and water supply technologies may acerbate local health



conditions.® For example water supply technologies no treatment and
pretreatment in addition to sanitation technologies, vault and cartage,
aquaculture, land treatment, and trickling filtration provide excellent
transmission mediums for the helminths or their eggs. The use of these
technologies might easily be technically sufficient but inappropriate to
local conditions.

The water transmission subdivision indicates the importance of
the possible transmission of this helminth by several technologies.
Schistosomiasis is transmitted by the penetration of human skin during
contact with snail-infested waters where the snail serves as an inter-
mediate host. These helminths prefer slowly flowing water/wastewater
with non-smooth banks. If the helminths exist, or could easily be im-
ported from other regions, certain sanitation technologies; e.g., aqua-
culture, and water supply technologies; e.g., no treatment, may improve
the likelihood of transmission. Such transmission would mean inappro-
priate technology due to the health comstraints.

The final helminth subdivision, soil transmission, indicates
those technologies which might provide favorable habitat for the trans-

mission of the related diseases. As an example the Ascaris lumbricoides

helminth lays eggs which are excreted and mature in soil. Human contact
with the soilr‘or fecal contamination of food or drinks, results in
transmission of the desease ascariasis. The water supply technologies
providing favorable conditions for transmission of these type of di-

seases are no treatment and pretreatment. Aquaculture, sludge drying

See Tables 6-9 for more complete coverage of these diseases.



beds, sludge lagoons, land treatment, and trickling filtration are sani-
tation technologies which may provide favorable habitat for the trans-
mission of the eggs.

The second major health constraint relates to diseases arising
from insect transmission. These deseases may be transmitted mechanical-
ly, i.e., the insect has physical contact with the contaminate then
spreads the contaminate by physical contact with the human's body or
food, or by biting the human. Houseflies and blowflies are examples of
the mechanical transmission insects. The mosquitoes and gnats are exam-
ples of the insect bite transmission. The mechanical t-ansmission in-
sects may transmit any of the sanitation related diseases (see Table 10)
with the genus Musca and genus Chrysomyia most important as vectors.
The biting insects transmit several diseases such as yellow fever, mala-
ria, elephantiasis, and sleeping sickness (see Tables 6 through 10). If
environmental conditions are favorable to the insects, generally a warm
humid climate is preferred, then certain water supply, e.g., no treat-
ment, and sanitation technologies, e.g., ventilated improved pit la-
trine, sludge drying beds, will be inappropriate technologies for local
conditions.

The final méjor classification under health constraints relates
to the transmission of diseases by heavy metals being deposited in the
soil and/or by vegetables produced for human consumption. Lead poison-
ing represents an example of this type of health problem. The sanita-
tion technology land treatment could explicitly contribute to unhealthly
conditions. If the compost is used for agricultural purposes such sani-
tation technologies as double-vault composting toilet and thermophilic

composting could transmit heavy metals.



In summary MAPMAT uses a screening algorithm to indicate those
technologies which may not be appropriate for local usage due to techni-
cal constraints, social/cultural constraints, resource constraints, and
health constraints. The following section will discuss the technology
selection algorithms, optimization technique, and development of the

cost ratios.



MAPMAT Technology Selection Algorithm,

Optimization Technique, and Cost Ratios

Having established the parameters to be included in the MAPMAT
screening of technology it is necessary to establish the water supply
and sanitation technology to be included, the optimization technique
used in MAPMAT, and the cost ratios used during optimization. The water
supply and sanitation technologies included in MAPMAT are shown in
Table 17. Brief descriptions are included as Appendix K to provide suf-
ficient information for comparison.7 As can be seen in Table 17 MAPMAT
includes 29 sanitation technologies and 11 water supplx treatment tech-
nologies ranging from the lowest level; i.e., a pit latrine in sanita-
tion and no treatment in water supply technology, to the highest techno-
logy level; i.e., rotating biological contactor in sanitation technology
and desalting in water supply technology. Tables 18 through 21 corre-
late the sanitation technologies to the screening process used in the
initial step of MAPMAT. Tables 22 through 25 correlate the water treat-
ment technologies to the MAPMAT screening process. Tables 18 and 22 re-
lates the technologies, sanitation and water treatment, to the technical
constraints used in MAPMAT. TFor the first comstraint there are three

quantity breaks for maximum population density: less than or equal to

7Figure 11 includes drawings for the lesser known sanitation
technologies. :



TABLE 17

Legend for Tables 18 Through 24

Acronym Sanitation Technologies
VIPL Ventilated Improved Pit Latrine
VIDPL Ventilated Improved Double Pit Latrine
ROEC Reed Odorless Earth Closet
ST Septic Tank
DVCT Double Vault Composting Toilet
PFT Pour Flush Toilet
PFT.SEW.SB Pour Flush Toilet, Sewered, Small Bore
PFT.ST Pour Flush Toilet, Septic Tank
AP Aquaprivy
AP .SULLAGE Aquaprivy, Sullage
AP,SEW.SB Aquaprivy, Sewered, Small Bore
V&C Vault and Cartage
commM Communal Facilities
COMM. SEW Communal Facilities, Sewered
~AC Agua Culture

LAG.WSP Lagoons, Waste Stabilization Ponds
TC Thermophilic Composting

HRTC High Rate Thermophilic Composting
PC Primary Clarification

SDBED Sludge Drying Beds

SDLAG Sludge Drying Lagoons

Continued




TABLE 17 (Cont'd)

Acronym Sanitation Technology
ALAG.Ext Aerated Lagoons, Extended
CHLOR Chlorination
LT Land Treatment
RBC Rotating Biological Contactor
AS Activated Sludge
TF.STD Trickling Filtration, Standard
TF.HR Trickling Filtration, High Rate
IMHOFF Imhoff Tank

Water Supply Technologies

NT No Treatment

PT Pretreatment

SSF Slow Sand Filter

RSF Rapid Sand Filter

T&0 Taste and Odor

DFILT Disinfection Filter

CFILT Containment Filter
. SOFT Softening

DSALT1 Desalting, Softwater

DSALT2 Desalting, Brackish

Tables 18 - 25 Mnemonics

NA Not Applicable

Y Yard connection for water

H House connection for water

S Standpost connection for water

-97=



TABLE 18

Sanitation Technology Techuical Constraints

Technical Constraints

Haximum - . .
. Site . N Height of Site
Saunitation Pgl:ul_‘?tm" K ‘Way:ri Sludge C bev-fag§ Bl]]lag?l Groundwater} Water
Technology casity, equired, Disposal onnection lsl".)b_d A Connection
People/ LPCD . Required | Requived ;
P Required 1 i Problem Required
liectare q q
vivL £300 B No No Yes Yes None
vVIDPL £300 - Yes No Yes Yes None
ROEC £300 - Yes No Yes Yes None
ST £300 4.5 Yes No No Yes Y,H
ey <600 - Yes No Yes No None
PET >600 6 Yes No Yes No None
PFT.SEW.SB >600 4.5 Yes Yes No No Noue
PET.ST 600 6 Yes No Yes Yes S,Y,i
AP >600 4.5 Yes No Yes Yes S,y i
AP .SULLAGE 2600 4.5 Yes No No Yes Y,
AP.SEW.SB >600 4.5 Yes Yes No No Y, i
V&C >600 10 (max) Yes No Yes lo Noue
COoMy >600 35 Yes No No o Yes
COMM. SEW >600 75 No Yes No Mo Yes
AC <600 - No No No Yes None
LAG.WSP >600 - Yes No No No None
1C >600 - Yes No No No None
HRTC >600 250 Yes No No No None
pPC >600 250 Yes yes No No H
SDBED >600 250 Yes yes No NO H
SDLAG >600 250 Yes Yes No No i
A.LAG.EXT >600 250 Yes Yes No No H
CHLOR >600 250 Yes Yes No No i
LT >600 250 Yes Yes No No 1]
RBC >600 250 Yes Yes No No it
AS >600 250 Yes Yes No No 13
TF.STD >600 250 Yes Yes No No H N
TF.HR >600 250 Yes Yes No No n
IMHOKF >600 250 Yes Yes No No H

..86-



TABLE

19

Sanitation Techuology Social/Cultural Constraints

Sanjtation Anal Material V”t’blc Fly or Mosquito flumus Nandling or Level of User [‘EVEI‘OI ]ntras,tru(.."tule
Technolog Usage Restriction Excreta Inhibitor Required | Reuse Restriction | Education Required Required to Organize
gy Be Res ’ Restriction ! o " i Operation and Maintenance

VIPL No Yes Yes No Medium f.ow
vippeL No Yes Yes Yes Medium Low
ROEC No No Yes No Medium Low

ST Nu No No No Very Low Medium
bvCr Yes (0, Yes No Yes High Nigh
PEr ’ Yesu No No No Medium Low
PET.SEW.SB Yes No No No Low Low

PFT.ST Yes No No No fow Med ium
Al No Yes Yes Yes Medium Low

AP, SULLAGE No Yes No No Low Medium

AP SEW.SRB No Yes No No Low Mediom
V&G No Yes Yes Yes Low High
coty Yes No Yes No Medium lligh
COMM. SEW Yes No No No Low iligh
AC No No Yes No No High

LAG.WSP No No Yes No No Medinum
T No No Yes Yes No ligh
HRTC No Ho No Yes No High

Pe No No No No No Mediwm

ShBED No No Yes No No Medium

SDLAG No Ro Yes No No Medium

ALAG.EXT Ho No Yes No No Medium
CILOR No No No No No ligh

Lr Ho No Yes No No Medium
RBC Ho No Yes No No High
AS Na No No No No High

TF.S8TD Ho No Yes No No Hedium

TF.HUR No No Yes No No Mediunm
IHHOFF No No No No No High

~66-



Sanitation
Technology

ViPL
VIDKL
ROEC
ST
pver
PFT
PFT.SEW. 58
PET.ST
AP
AP . SULLAGE
AP.SEW.SB
V&C

TABLE 20

Sanitation Technology Resource Constraints

Resource Constraints

Labor Equipuent Supplies Energy Misc.
. Operation &
Coustruction pe
Maintenance

Lo I 5

. W

_, o o e 8

<3 - ~ 5 g - B @

< .m.. o o h._. m H e - [=3=] o .m =

— Ll 7] - by -1 o o o~ oo o o

— P 4 [4] — ol B ] HH 1= o ] -] o o J

~ 73 [ I B ] w5 « [V o a o N ot

o G g o 0 — a s} 1 oo Q au - 9] e P4

2 for) p w - ot — (] a o 7} m U kb o g N L= o

e B ¢g 2 89 E ¢g g8 4 7 % & £33 § 4 i §

S5 o @» & 5 @B ow oA W3 T ads 3 e o 3 S

A o do 1 4 b LI. J SR E . ||_I J

X X X x X low
X X x X X low
X X X X X X low
X X X X X ¥ * low med

X X X X X X low x
X X X X X low
X X X X X A A x % X Tow med
X X X X X X X low med
X X X X X x x low low
x X x X X X low med
x x x X X 4 b3 X X b3 low low med
X X X X X x b3 X med low

Continued
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Sanitation
Technology
coMM

COMM. SEW
AC
LAG.WSP
TC
HRTC
re
ShBED
SHLAG
ALAG.EXT
CHEOR
Ly
RBC
AS
™. st
TE.UR
IMNory

TABLE 20.

Resource Construints

Continued

Labor Equipment Supplies Energy Misc.
. Operation &
Construction :
astr ¢ Maintenance
1
Q
~— — Fry
Q ] o «d w o
Q = LT} o o~ E J [¥) , s O
~ — o < ~t o [ q ol [-3:] W a =
Q IS ] - Q ~ s O Q =] — o o J
- wt e} @ -~ -l o « sl L o (=] Ll n -~ “ bl L)
~ £ Q @ —t 9 n. @ 1 o] « 1 o) 0 0 s a @ ol -t
i -] — Q 4 “ 4 Q “ Y 3 sl [] LR M 3 W =
£ o o~ et P ol ~ A o [+] (% B o [y~ o u [} ke Q
(7} g ] o 0 =} ol o a 0 Q [ ] - 0 Q £ = 80
13 a K. I = Q 3 o ~ « — K3 |9 D.M ] ~ a3 " e
(=1 % f, (= w (% [ m s | 5 (5} a O ol (=] o =
— i I I B A \“I A \—l .
X X X %X X X X x X low low
X X X X X X X X X b low low med
X X X X X X low high
X X X X X X X low high
X x X X X X low low med X
X X X X X X x X X X med low me:d X
X %X x X X x X X X X X wed wed
X X X X X X X X Tow low high
X X X X X x X X X low low high
X X X X X X X X X ed high
X X X X X X X X X X X X x X low low
X X X X ®  X X X % A X x  high  med high
X X X X X X xXx X x x X X X x  high med
X X X X X X xXx X X X xXx X X x x  high med
X X X X X X X X XX high med
X X X X X X X b3 X X high med
X X X x X X X X med med
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TABLE 21

Sanitation Technology llealth Constraints

Health Constraints

Helminth

Insect

Sanitalion
Technology

Raw or Half-Cooked

Meat Restriction

(Fish, Beef, Pork,
Crab, etc.)

Schistosomiasis
Restriction

Ascaris,

Hookworm,

Tapeworm
Restriction

Filariasis

Restriction

(Cockroach,
Fly, Mosquita)

Heavy Metal
Restriction

VIPL
VIDrL
ROEC
ST
wer
SNy
PFT.SEW.SB
PET.ST
AP
AP . SULLAGE
AP.SEW.SB
V&C
COMM
COMM . SEW
AC
LAG.WSP
TC
lRTE
rc
SDBED
SILAG
ALAG. EXT
CHLOR
T
RBC
AS
TF.STD
TF.HR
IMNOFF

X
X
X

-20T-



TABLE 22

Water Treatment Technology Constraints

Water Maximum Population Water Site Sludee Sewage Sullage Height of | Site Water
Treatment D tv. P opl /Hectare Required, Disposal Re lgl d Connection | Disposal | Groundwater | Connection
Technology ensity, reople LPCD 1sp quire Required | Required | a Problem Required

NT >600 NA No NA NA NA NA
PT >600 NA Yes NA NA NA NA
SSF >600 NA Yes NA NA NA NA
RSF >600 NA Yes NA NA NA NA
CHLOR >600 NA No NA NA NA NA
T&0 >600 NA Yes NA NA NA NA
DFILT >600 NA Yes NA NA NA NA
CFILT >600 NA Yes NA NA NA NA
SOFT >600 NA Yes NA NA NA NA
DSALT1 >600 NA Yes NA NA NA NA
DSALT2 >600 NA Yes NA NA NA NA

-€01~



Water Treatment Technology Technical Constraints

TABLE 23

Social and Cultural Constraints

N

Water
Treatment
Technology

Anal Material
Usage Restriction

Visible
Excreta
Restriction

Fly or Mosquito
Tuhibitor Required

Humus Handling or
Reuse Restriction

Level of User
Education Required

Level of
Infrastructure
Required to Organize
Operastion & Maintenance

NT
rr
SSF
RSF
CHLOR
T&0
DELLT
CFILYT
SOrFT
DSALTY
DSALT2

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Yes
Yes
No
No
No
No
No
No
No
No
No

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
Low
Low
NA
NA
NA

Low
Medium
Medium
Medium

High
High

Low

Low
High
High
High

=901~



TABLE 24
Water Treatmeat Technology Resource Constraints

Resource Comstraints

Labor Equipment Supplies Energy Misc
. Operation &
Construction c
Maintenaace
b
—~
b ..nm o .21 ».....
o e 4 e —~ > 2] Q e — @
E= ~ o o ~ o ] 9 ol [ o x
@ ~t -l QU — - 3} o =4 = o u o 3]
— b o ] — -l o « wt o o ] [’ e o - U]
— 3 Q 0 — -~ @ « H o - (3} « PR o H i
D vt ] ] i ] — [ o - o ol Q o [ It - =4
a2 o —~ [ . - — ] b3} o o B o fY = o d @ Ee) o
] =] Ll o o m ord o @ a o o o [T 0 [T < I [
£ Y oL [ (= - | 3 — ] — £ 13 [ « —4 e ) ~
= v wn a = 3 [ R} ] [X] (¥ a, o= 2 [ o » o
Water
Treslment .
Technolo
8y _ [ . - —_ J N . 4.
NT x X X X low
PT X X X X b3 X X X X low low
SSF X X X X x X X X med med
RSF X X X X X X X X X X X x X X high med
CHLOR x X b X X X X b3 b3 X X - low
T&O x % X X X x X x X X X x x Yow low
DFILY X % X X X x x X X - low
CFILT 4 X x b3 X X X - low
SOFT X X x X x X X X x X X X X X % Tow low
DSALTL X X X X X x X K X X X x X X med med
DSALT2 % % X’ x X x X x b3 X X X X X X high med
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TABLE 25

Water Treatment Technology Health Constraints

Health Constraints
Helminth Insect
Water Raw or Half-Cooked Ascaris, Filariasis
Treatment Meat Restriction Schistosomiasis Hookworm, Restriction Heavy Metal
Technolo (Fish, Beef, Pork, Restriction Tapeworm (Cockroach, Restriction
8y Crab, etc. Restriction | Fly, Mosquito)
NT X X X X
PT X X X X
SSF
RSF X
CHLOR
T&0
DFILT
CFILT
SOFT
DSALT1
DSALT2

~901~
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300, less than or equal to 600, and greater than 600 persons per
hectare. Most of the technologies require a population density greater
than 600. To some extent this division reflects a movement from rural
area technologies at the low density to the urban area technologies at
the high density. The second constraint of both Tables 18 and 22 relate
the technologies to the water required for proper operation. The V&C
technology represents a maximum level of water rather than a minimum
since a level of water usage greater than 10 lpcd will disrupt the pro-
per operation of the technology. The water treatment technologies do
not require a minimum amount of water. The sewered sanitation technolo-
gies such as LAG, WSP, SDBED, RBC, etc. require a certain water volume
to maintain flow in the sewer, e.g., 250 to 500 lpcd, thus, the sewered
technologies have been set at a minimum level of 250 lpcd. The third
technical constraint relates the sanitation and water supply technolo-
gies to the necessity of on-site disposal/removal of sludge. As can be
observed in Tables 18 and 22 most technologies require on-site sludge
disposal/ removal, the exceptions being those technologies such as ven-
tilated improved pit latrines and aquaculture which include disposal/
removal as an integral part of the technology. The communal facilities
sewered represents an anomaly in this area since it would not of itself
require desuldging but by implication the sanitation technology, other
than aquaculture, chosen to treat the liquid wastewater would produce a
sludge requirement. It would be expected that the cognizant planner
would construct a treatment train which included a desludging require-
ment. The fourth technical constraint of Tables 18 and 22 relate the
respective technologies to a requirement for a sewer connection. The

water treatment technologies are not affected by this requirement but
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many sanitation technolgies explicity include the sewer, e.g., the small
bore sewered aquaprivy, or imply the existence of a sewer system, e.g.,
a standard trickling filter. The fifth technical constraint of Tables
18 and 20 relate the sanitation and water treatment technologies to a
requirement for a separate sullage disposal. Sullage, i.e., vegetable
waste, laundry and dish water, etc., are handled as an integral part of
a sewered sanitation system but the non-sewered technologies require lo-
cal sullage disposal. The WBANK documentation indicates that the dis-
posal of sullage is the prime reason for having sewered systems.8 The
sixth technical constraint of Tables 18 and 22 relate the height of the
groundwater to the various technologies. The water treatment technolo-
gies do not adversely affect the groundwater by inducing contamination.
Certain sanitation technologies are prone to contaminate the groundwater
if the groundwater table is near the surface or soil conditions are con-
ducive to contamination. In general these technology use the soil as a
primary or secondary source of organic matter decomposition so that con-
ditions conducive to groundwater contamination reduce the appropriate-
ness of these technologies. The final technical constraint relates the
water supply/sanitation technologies to the level of need for a water
connection. Clearly the water supply technologies will not require a
water connection, however, most of the sanitation technologies do re-

quire some type of water connection. The types of connections are

8Kalbermatten, Julius, and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: Technical and Economic Options: 114,
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none, standpost (S), yard (Y), and house (H).g If a technology requires
Y or H, a septic tank for example, then local conditions

must be able to support at least a yard water conmection for proper
operation of the technology. This would rule out the use of a septic
tanks system in cases where local site water connections were likely to
be none or a standpost.

The second major selection area of MAPMAT are the social and
cultural constraints. These constraints are operative where a particu-
lar technology would be violating local customs. In such a case the
technology may be technically adequate but totally inappropriate for lo-
cal use.10 Tables 19 and 23 indicate the dependency between the sanita-
tion and water supply techmologies, respectfully, and the social/
cultural constraints. The first social/cultural constraint indicates
where the use of certain type anal cleansing material may impede the use
of a particular samitation tec‘tmology.11 Dry materials such as mud-
balls, sacking, and corncobs may clog certain technologiss such as the
pour flush toilet series. A common anal cleanser in many parts of the
world is water, however, the double vault composting toilet would be in-
tolerant to a high water volume. The result is that local usage of cer-
tain anal cleansers may be inappropriate for use with several sanitation

technologies. The second social/cultural constraint relates the various

9A standpost may serve a very small village or urban neighbor-
hood while a yard connection brings water near the house but not inside.
A house connection is obvious.

1OClearly the technology could be entirely viable in a differ-
ent setting with different customs.

11Water supply technology would not be subject to this
constraint.
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sanitation technologies to local customs which shun the open presence of
excreta. Many cultures place a very high negative value on the sight of
excreta and any technology, such as a pit latrine., which subjects the
user to continual awareness of the excreta will be less than effective
in providing adequate sanitation. MAPMAT screens out those technologies
which might be offensive to local customs based on the fact that some
sanitation technologies include visible excreta as an integral part of
operation. The third social/cultural constraint relates the necessity
of providing fly or mosquito inhibitor for certain technologies. There
are two elements to this constraint. First local users may be required
to safely use an insecticide or other inhibitor to control certain in-
sects. If the local population cannot or will not maintain this respon-
sibility certain sanitation technologies such as the pit latrines and
aquaprivy may not be viable. The second element of this comstraint
deals with certain technologies being conductive to insect breeding and
the spread of disease through insect vectors. If local custom does not
emphasize the hazards due to insect contaminant of food and/or drink,
and a technology will provide favorable conditions for the propagation
of the imsect, then there is a high liklihood that the technology will
be inappropriate to local conditions. The fourth social/cultural con-
straint deals with the use of humus produced by composting technologies.
This constraint does not apply to the water supply technologies or most
of the sanitation technologies, however, it is critical for those tech-
nologies which produce bumus. Local individuals must be willing to han-
dle the humus and, in general, the humus should be viewed as a valuable
reclaimed resource‘by the local user. Unless these two conditions are

fulfilled a technology which produces humus from composting will not be
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viewed with favor by the local user. MAPMAT considers this disfavor as
likely to cause the technology to be inappropriate. The fifth social/
cultural constraint is the level of user education required to operate
the technology. For the sewered sanitation alternatives such as primary
clarification and activated sludge, this constraint does not apply since
these technology do not require user interaction. For the remaining
technologies, a level of very low indicates that users will need at most
a short introduction to using the technology. A user education level of
low indicates that the user must not only understand how to use the
technology but what must be done to avoid disrupting the operation of
the technology. TFor example, a pour flush toilet septic tank cannot
tolerate bulky materials such as corncobs, etc. to maintain proper con-
ditions. A user education level of medium indicates that the relation-
ship between the use of the technology and possible disease spread must
be understood by the users. If an insufficient volume of water is used
to maintain the water seal the pour flush toilet will not operate pro-
perly and insects may propagate diseases. A high level of user educa-
tion is indicated where the user must clearly understand the operation
and maintenance of the technology. The double vault composting toilet
requires a limit on the volume of liquid added to the compost and the
addition of organic materials to aid composting in a fairly fixed ratio.
The user must be educated to deal with the proper carbon/nitrogen
ratios, the various sources of these materials, etc. The final social/
cultural constraint is the level of infrastructure required to operate
and maintain the respective technologies. A low level of infrastructure

indicates that local users, possibly with wide spaced central agency
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help, can adequately maintain the technology. A medium level of infra-
structure indicates that a local individual or group must assume the
responsibility of overseeing maintenance of the technology. For example
if septic tanks are selected as the sanitation technology to be used in
a rural village then a local group will need to assure desludging and
disposal authority. Without the local infrastructure, MAPMAT considers
that the technology has a high probability of being inappropriate. A
high level of infrastructure indicates that a local individual, or
group, will be required full time to assure the proper operation and
maintenance of the technology.

The third major selection area of MAPMAT are the resource con-
straints. Details of the constraints have been covered previously, but
Tables 20 and 24 relate the various resource constraints to the sanita-
tion and water supply technologies, respectfully. Each technology which
requires the listed resource is shown with an x, and a blank indicates
that the resource is not normally required. MAPMAT compares local con-
ditions to this resource requirement/technology matrix in order to
screen out technclogies which would be inappropriate to local conditions
on the basis of resource availability.

The final major selection area of MAPMAT is the health con-
straints. The health constraints can be divided into three major subdi-
vision: helminth, insect, and heavy metals. The helminth subdivision
is further divided into food transmission, water transmission, and soil
transmission. Tables 21 and 25 relate the water supply and sanitation
technologies to the health constraints. If raw meat is consumed in the
local area then the sanitation technologies V&C, AC, LT, and trickling

filtration may encourage the helminths which can be transmitted in this
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fashion. The water supply technologies, no treatment and pretreatment,
involve the same risk in terms of the food transmission health con-
straints. The same two water supply technologies in addition to RSF,
DFILT, and CFILT are suspect when water transmission helminths are indi-
cated in the local area. The slow sand filter has the advantage of re-
moving helminth ova due to the extended time period between backwashing,
but the rapid sand filtration requires a much quicker periodicity on
backwashing. This quicker backwashing results in viable helminth trans-
mission. The sanitation technologies aquaculture, rotating biological
contactor, and activated sludge may provide a favorable environment for
the water transmitted helminths. The soil transmitted health constraint
applied to the sanitation technologies aquaculture, sludge drying beds,
sludge drying lagooms, land treatment, standard trickling filtratiom,
and high rate trickling filtration in addition to the water supply tech-
nologies of no treatment and pretreatment. The insect transmission
health constraint applies to the two ventilated improved pit latrines,
Reed Odorless Earth Closet, double vault composting toilet, vault and
cartage, aquaculture, lagoons/waste stabilizations ponds, sludge drying
beds, sludge drying lagoons, and land treatment sanitation technolo-
gies, in addition to the water supply technologies of no treatment and
pretreatment. The heavy metal health constraint applies to the double
vault composting toilet, thermophilic composting, and land treatment
sanitation technologies.

The selection process of MAPMAT relies on a question/response
algorithm to establish the appropriateness of a water supply and/or san-
itation technology. For the technologies listed in Tables 20 through

25, MAPMAT asks one or more questions for each column to establish the
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on/off condition relative to the technology vector. If a technology is
constrained by an on condition, or a level condition, which is not ful-
filled, then MAPMAT considers that technology unavailable at the local
site. For example, if the water available at a local site amounts to
12 1lpcd or less, then such sanitation technologies as communal, primary
clarifier, etc. would not be available. If the level of land available
at the local site were to be medium, then all technologies which had
high land requirements would be unavailable. MAPMAT expects the user to
be acquainted with the local site and knowledgable concerning the water/
sanitation field; however, it is not expected that the user be an engi-
pzer. The intent of MAPMAT is to eliminate those technologies which are
inappropriate at a local site by a systematic analysis of local data.
Once the basic data is collected, sensitivity analysis can be performed

to check the analysis. The first step of MAPMAT is shown as Equation 1

below.12
1 — 1 =
AN = N'N for Bjkt 1 (1
otherwise Bjke = ¢
where
A represents a row vector of resources available to the jth
treatment technology as determined by the I questioms.
The vector element aij’ indicates the Bernceulli condi-
tion on resource availability for the jth treatment tech-
nology and ith question.
12

A summary of the equations used in MAPMAT is shown in
Table 26.
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N represents a raw vector of resources required by the jth
treatment technology. The vector element o, indicates
the Bernoulli condition on resource requirements for the
jth treatmeant technology and the ith question.

Ejkt represents the Bernoulli condition of the j the treatment

technology in kth stage at time t.

Equation 1 determines the availability of a treatment technology in res-
pect to the local data, the A vector, and the technology requirement,

the N vector. The result is either an on condition, B, = 1, or an off

t
condition, Bt = 0, based on the inner product comparisons. The second
step of MAPMAT is to help the user comstruct alternate treatment schemes
to be used in the analysis . Alternate treatment schemes are comstruct-
ed by the user with available treatment technology being selected to

fill blocks in a treatment scheme. The treatment scheme may include one
or more treatment technologies. There must be at least ome treatment

technology selected for each stage included in the treatment train.

This condition is expressed as Equation 2.

J .
:E: Bjkt = 1 and Bjkt = 0or 1 (2)
j=1

Equation 2 insures that a treatment technology will be used only once in
a particular stage and that each stage included will have a treatment
technology assigned to that stage. In the third step of MAPMAT the

reduction of the waste constituent is calculated for each stage at a
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particular time period. At the present time there are two waste consti-
tuents to be calculated: biological oxygen demand (BOD) for sanitation
technologies and the count of coliform bacteria for water supply techno-
logies. In both cases these pollutants are used as a relative measure
of the efficiency of the technology in comparisons to the rest of the
technologies. The site disposal sanitation techmologies: VIPL; VIDPL;
ROEC; ST; DUCT; PFT; PFT; SEW.SB; PFT, ST; AP; AP.SULLAGE; AP.SEV.SB;
V&C; COMM; COMM.SEW; AC are assumed to provide adequate disposal if all
MAPMAT constraints are met and the technology is properly operated. The
relative efficiencies of these technologies are 100% efficient. As a
comparison the waste stabilization pond provides 50% reduction of BOD.
The sanitation technology CHLOR provides a very low BOD reduction, maybe
1%, however, the primary reason for chlorine disinfection is to destroy
coliform bacteria. Sludge drying beds and lagoons provide a negligible
amount of BOD reduction although these technologies are valuable in re-
spect to sludge dewatering. The coliform standard for water supply
technologies results in the same type of situation with respect to the
technologies T&0, DSALT1, and DSALT2. The primary purpose of these
technologies is the removal of taste/odor and the desalting of water.
Clearly the selection of a single criteria to measure efficiency results
in exception to the reduction criteria. MAPMAT recognizes these techno-
logies as being developed for special purposes within a treatment scheme
and, as such, they are included in the list of alternatives unless they
violate a MAPMAT comstraint. During the third step MAPMAT allows the
setting of a treatment goal on BOD removal and/or coliform removal which

must not be exceeded. If a selected treatment scheme would not reduce
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one or both of the waste constituents below, the treatment goal MAPMAT

i1a1.

flags that scheme as inappropriate. Equation 3 and 4 are used by MAPMAT

to accomplish step three.

J
Lotir1 = E Biwe (17Ry5) Ly ()
j=1
k-1
Qe % Lyek=o - E Ty = Iypier) (4)
K=0

where Lvtk represents the vth waste load in the kth stage at time t.
The two waste constituents are BOD, given in milligrams/
liter, and coliform given in most probable number per

100 milliliters.

R,. represents the reduction efficiency, i.e., the percent
reduction of the vth waste constituent by the jth treat-
ment process. The waste remaining as a percentage is

1-R“j.

Qvt represents a treatment goal for the vth waste constituent

at time t.-

Equation 3 establishes the waste constituent load at each stage in the

process. A selected technology which is available, the Bjkt’ produces
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transformation by a fixed percentage, the (1-Rvj) term, for an initial

waste load, Lvtk‘ The resultant waste load is L following treat-

vt ktl
ment. Equation 4 sets the treatment goal, Qvt’ constraint so that the k
stages of waste removal must satisfy the goal. The fourth step of
MAPMAT is the calculation procedure used in producing the value of an
objective function for each treatment scheme. A cost effectiveness ap-
proach is taken during optimization to reflect the fact that at the pre-
sent time an informed judgment represents the best available criteria
for treatment scheme selection once inappropriate technology is removed

13 MAPMAT allows the user to construct weighting

from consideration.
factors, or cost effectiveness factors, to be used in evaluating the
various alternate treatment schemes. A decision not to use weighting
factors represents placing equal weights on the treatment schemes or

placing equal weight on the effectiveness criteria for each treatment

technology. Equations 5 and 6 fulfill the fourth step of MAPMAT.

J K T 2 1 Cijt
OJ B Z Z Z Z F; . Bjkt . (14D)* ®)
j=1 k=1 t=1 =z=1
J T P.
1 jt
HEDIED D A
M jkt t
=1 t=1 L (1+D)
I
M; = 1and 0 £D<1.00 (6)
1=1
13

Kalbermatten, Julius and Gunnerson, Appropriate Technology

for Water Supply and Sanitation: A Summary of Economic and Technical
Options: 85, 9, 13, 33-34. Saunders and Warford, Village Water Supply:
9, 55. Feachem, McGarry, and Mara, Water, Waste and Health: 94.
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where

0, represents the value of the objective function for the

ith treatment scheme.

M. represents the weighting or cost-effectiveness factor,

for the ith treatment scheme.

Cjktz represents the zth cost element for the jth treatment
technology used in the kth stage at time t. There are
two cost elements: capital cost and operation/mainte-

nance cost.

D represents the discount factor to be used during present
value calculations. In general, this would be the eco-

nomic opportunity cost of capital for the country.

Pjt represents a penalty cost for the jth treatment techno-
logy at time t. The penalty derives from a design flow
in respect to complete treatment, i.e., the disposal of

sullage, water used as a transport medium, disposal of a

residual, etc.

Equation 5 indicates the objective function to be calculated for each
user selected treatment scheme. For every technology which is selected
in addition, not previously rejected by MAPMAT as inappropriate for the

local site, i.e., the Bjkt equals one, the discounted present value of
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construction and operation/maintenance is calculated as the Cijt term.
In like fashion, a discounted penalty cost term is calculated, the Pjt
term. Certain technologies realize an external cost which must be ap-
pended to the capital and operation/maintenance cost if an economic cost
analysis is to be prepared. If the nature of a technology does not pro-
vide for sullage disposal and sullage disposal will be required then a
penalty cost must be added to the objective function. The water trams-
port of waste in sewers represents a cost of sanitation for those tech-
nologies which are designed around sewers. Disposal of residuals, such
as dried sludge and humus, may represent penalty cost if local condi-
tions do not support reuse of these materials. During the questioning
MAPMAT flags these types of events so that penalties may be appended if
the technology is selected. Having calculated the basic cost ratios to
be used in the comparison, MAPMAT activates the weighting, or cost-
effectiveness technique to calculate the factor Mi‘ MAPMAT interrogate
interactively until the Mi are established for all treatment alterna-
tives. At this point all information needed to construct objective
function values for each treatment scheme is available to MAPMAT.
Equation 6 insures that the weighting factors add to unity and the dis-
count factor is restricted to a reasonable value. MAPMAT finishes step
four by displaying the objective function information for all user se-
lected alternatives. The fifth step of MAPMAT allows the user to alter
a condition within MAPMAT's analysis to check the results based on a new
parameter value or a different response to a specific question. For
example having MAPMAT perform the initial analysis, the user may be
interested in the effect of a community education program which improves

the local infrastructure and increases the awareness of



TABLE 26
! 1
AN = NNforBy, = I
otherwise Bjkt = ¢
J
:E: Bth = 1and B = dorl
j=1
J
Lotke1 = E : Bt (1-Ryp) Lygy
j=1

K=1
$ Lytg=o ™ E Coey - Lotks1)
k=0

J K Z 1
% * 2 Z Z ZE Bike
=l k=1 t=1 2z=1
J T 1 P.t
DD M ke (111))t
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(1)

(2)

(3)

(4)

zjkt

(5)
(1+D)*

(6)



where A

=

jkt

vtk

R\)j

~-122-

represents a raw vector of resources available to the jth
treatment technology as determined by the I questions.

The vector element aij indicates the Bernoulli condition
on resource availability for the jth treatment technology

and the ith question at time t.

represents a raw vector of resources required by the
jth treatment technology. The vector element nij
indicates the Bernoulli condition on resource require-
ments for the jth treatment technology and the ith

question at time t.

represents the Bernoulli condition with respect to the
availability of the jth treatment technology in the

kth stage of the treatment scheme at time t.

represents the vth waste load in the kth stage at time
t. The two waste constituents are BOD, given in mil-
ligrams per liter, and coliform, given in most proba-

ble number per 100 milliliter.

represents the reduction efficiency; i.e., the percent
reduction of the Vth waste constituent by the jth
treatment process. The waste remaining as a percent-

age is l_Rvj'
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represents a treatment goal for the vth waste constituent

at time t.

M, represents the weighting or cost-effectiveness factor for
the ith treatment scheme.

Czjkf represents the zth cost element for the jth treatment

technology used in the kth stage at time t. There are

two cost elements: capital cost and operation/

maintenance cost.

D represents the discount factor to be used during pre-
sent value calculations. In general this would be the
economic opportunity cost of capital for the country.

Pjt represents a penalty cost for the jth technology at
time t. The penalty derives from a design flow im the
technology in respect to comp}ete treatment, i.e., the
disposal of sullage, water used as a transport medium,

disposal of a residual, etc.

the health/water/sanitation trilogy. MAPMAT will automatically rerun
the analysis given only this change to the social/cultural constraints.
As a second example, if an initial solution were based on constructing
all technology in the first three years and the user wished to investi-
gate an additional treatment scheme with construction of a pour-flush
toilet in year 1, addition of a septic tank system in year 5, and

addition of a small bore sewer in year 10. MAPMAT would automatically
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generate an objective function for the new alternative. Once the sensi-
tivity analysis is completed MAPMAT can provide two additional services.
First, a commercial telecommunications package titled "ASCII Express II"
may be used to link to CAPDET. Many of the technologies are part of the
small facility wastewater treatment processes included in CAPDET.

The telecommunications module provides a empty buffer which can
store the works session on CAPLET, list the work session to a printer,
and execute a plethora of friendly telecommunication services. The sec-
ond additional service provided by MAPMAT is a multiple regression pack-
age entitled "HSD Regress." The regression package provides the ability
to handle up to 25 variables and 300 cases per variable in a single
analysis. Data can be stored on diskette, edited, plotted, transformed,
and/or submitted to the regression package. The cost ratio approach for
MAPMAT will not be sufficient for actual comparison within a country.
These ratios are intended for demonstration only and represent the best
knowledge available for generic cost estimation. The regression package
allows the user to get local data which can be substituted for the
MAPMAT cost ratios once statistical analysis is completed on the data.
Table 27 summarizes the literature dealing with cost estimating equa-
tions for water supply and wastewater treatment. Most of the equations

take the form

log Y = loga+blogQ
where Y is the cost to be ~stimated, Q is the design capacity, and re-
gression parameters are a and b. MAPMAT uses cost ratios in the analy-

sis procedures simply because an adequate way to provide generic cost



TABLE 27

Cost Functions for Regression Analysis

Emphasis

Hodel

Reference

3.

Wastewater
Treatment Plant

Wastewater
Conveyance System

Waste Treatment Plants

General Form: Y = a Xh

Estimator: log Y = log a + log X

where Y = capital or operation and maintenance
cost in dollars or manhours

X = plant load in HGD or PE
alb = parameters
Pipeline B
General Form: C/L=K +a D
where C = total capital cost, §
L = leagth of pipe, meters
K = fixed cost
D = diameter, meters
$ = parameter
Pumping station
C =K t+ o
where K' = fixed cost, §
W = horsepower
v, & = parameters

General Form: lay = bo +b, In Xl + bz 1n X2

+ b3 In X3 + b4 In X&

Hichel, "Costse++ "

Tyteca, '"Cost
functions..."

Shah and Reid,
"Techniques for..."

Continued
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TARLE 27 (Cont'd)

Emphasis

Reference

4.

Water Supply

Model
where Y = construction cost per design MGD
Xl = design PE
XZ = design flow in NGD
X3 = design BOD of influent in MG/1

X4 = BOD removal efficiency
bo through b4 = parameters
2 PD + ag D+a
tag Syt Ag @t ay Qy

General Form: C = a, + alP + a SW

4

where C = cost per 1,000 gallons of water
P = population served
P} = population density in person per square
mile
D = average daily demand, NGD
SW = supplier of water, utility is primary or

secondary source
S0 = source of water, surface or ground

Ao, ay, 8y, 3y, g, a5, dg, 44 = parameters

Q1 and 02 = dummy variables which indicate a good or

bad rating for utility

Clark and Goddard,
cost...”

Clark, "Cost and
Pricing ..."

Cont inued
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TABLE 27 (Cont'd)

Emphasis Model Reference
Water Supply Capital Cost
b
acC = ag A g

Operating Cost
_ e ¥
AOC = d (Dmb) (ng) Q)

where ACC = annual capital cost, §
AD = annual depreciation

AOC = annual operating cost, §$

Dmh = labor cost, dollars per hour

ng = productivity, manhours per 1,000,000 gals.

a Through F = parameters
Rural Wastewater and Septic Tauks Rajagopal, et.al.,
Water Supply "Water..."

- §;, Q1) = a +a,Ql+a, K¢ ag T+ a, DM
Wells
We (Q2) = b +b, Q2+ b, WD

where ST (Q1) = Total septic tanks installalion
cost during quarter Q1, §

Q1 = Quarter number, 1962 base year

TK = Septic tank size, gallons

TF = Tile feet, linear feet

DW = Number of dry wells of 600 gallons

each

Continued

-/21-



TABLE 27 (Coat'd)

Emphasis

Model

Reference

Wastewater Treatment

Water Treatmeat

Wastewater Treatmeat

WC(Q2) = Total well installation cost during
2
Q2 = Qu;rter number, 1958 base year
= well depth, feet
a, through a, = parameters

b0 through b2 = parameters

General Forms: Y = a Xb
Estimator: log Y log a + b log X

where Y = construction or operation/maintenance cost
in thousands of § per MDG
X = Plant size, MGD
a,b = parameters

General Form: Y =a Xb

Estimator: log Y = log a + log X

where Y = construction or operatijon/maintenance cost
in thousands of § per MDG

plant size, MGD

parameters

a,b

Construction, Operation/Maintenance for Plants and
Truck Sewers

General Form: ¥ = K X*

or 1
InY = atb'ln X

Smith, "Costs..."

Logan, et.al., "An
Analysis..."

Klemetson and
Grenney, "Physical
"

Continued
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TABLE 27 (Cont'd)

Emphasis

Reference

10. Small Water Systems

11. Water Supply and
Wastewater Treatment

Model
where Y = total cost of capacity X, in § for treat-
went plants and lift stations, $§ per nile
trunk sewers
K = cost coefficient
X = capacity, Mgd
a = economics of scale parameters, 0Sasl
Power cost for lift and pumping
Y = K x™
where Y = cost of pumping a flow of X to a height of
H, §
K= cést coefficient
X = flow rate, MGD
@ = economics of scale
H = effective pumping head, ft.
R - B
General Form: Cc = uQn

vhere CC = total capital cost, in 1,000 §

Q

a,B = parameters

n desiga capacity, MGD

Construction and operation/maintenance cost for
water supply, pipelines, and wasiewater treatment

General Form: Y = o QB

where Y = total cost in $1,000
Q = design capacity, MGD
u,f = parameters

Clark, "Small
Water..."

Ocanas and Mays,

Continued
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TABLE 27 (Cont'd)

Emphasis

Hodel

Reference

12. Hunicipal Wastewater

13. Wastewater Treatment

14. Operation and Maintenance

Pumping Operation/Maintenance Cost

General Form: Y = a "qu
where Y = annual pumping cost
H = pumping heat, ft.
design flow, HGD
parameters

a,B,v

Geperal Form: Y =a Q
Estimator: log Y = log a + b log Q

where Y = process cost, in millions §
desiga flow, MGD

parameters

wonon

a,b

General Form: Y = a Qb
Estimator: log Y = log a + log Q

where Y = process cost, in thousands §
Q = design flow, in MGD
a,b = parameters

General Form: =a Qb
Estimator: log Y = log a + log Q

where: Y = total of O&M cost, millions §
Q = actual flow, HGD
a,b = parameters

EPA, “Coastruction
Costs for Municipal
w

EPA, "Estimating
Costs..."

EPA, "Analysis of
Operations..."

-0€T-
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estimator for developing countries does not exist. The most extensive
attempt to provide generic estimators is covered in the USAID/REID doc-
umentation.14 Several authors indicate the cost estimation problem
with respect to developing countries.15 The cost ratios used in MAPMAT
are based on U.S. data adjusted using best professional judgment con-
cerning economics of scale to be expected in developing countries.16
Tables 28 and 29 include the cost ratios used in MAPMAT. There are two
sections of cost: (1) construction, and (2) operation and maintenance.
Both sections are subject to two step function factors which may cause
economies or diseconomies. The first economic/diseconomy factor relates
to the level of infrastructure expected at the local site. The rationa-
lization behind the use of this factor is that within a developing coun-
try there are four levels of communities in terms of infrastructure:17
1. Level I where the infrastructure is dependent on im-
ported employment; agriculturally oriented
with a very small or non-existent local market

economy; and/or very low levels of education,

few high school or college graduates unless

14Reid and Coffey, Appropriate Methods: 97-166.

15Reid, Arnold, and Streebin: Appropriate Methods, Workbook:
208. Saunders and Warford, Village Water Supply: 123-138, 158-161.

16Ka1bermatten, Julius, and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: A Summary of Technical and Economic

Options: wvi.

17The four levels of communities follows closely the develop-
ment by USAID/REID. See Reid and Coffey, Appropriate Methods: 68-72.




TABLE 28

Sanitation Cost Ratios by Infrastructure and Population Levels

Infrastructure Level

Construction Cost Factor

Operation and Maintenance

Sanitation | Population Cost Factor
Technology |  Level 1 |1ir o | 1 |11 ] |
VIPL I A6 | 55 .89 | 86| .02 | .03 | .03 | .06
II 1| 51| ocew | sso] 02 | .02 | Lo3 | .04
111 38 | a7 | 59 el o2 | ooz | o3 ! lo3
v 3s | ek | 55 | e | o2 | oz | 03 | 03
VIDEL 1 88 {1.10 |1.38 [.172{ .06 | .05 | .06 | .08
I 82 |1.02 |1.28 |1.60| .04 | .05 | .06 | .07
111 76 | .95 |1.19 1,481 o4 | .06 ! .05 | o7
v gt ) .89 (110 |13s| s | olos | o5 | os
ROEC I 87 | .81 | .15 | 700 .06 | .04 | .06 | .03
11 57 | 53 ) .50 | .46 .04 | .03 | .03 | .03
1 38 | 35 | 33| 31| .03 | .03 | .03 | .02
v 25 1 .23 | 22 | 20| o3 | o2 | 02 | lo2
ST I 66 | .60 | .55 | 52| .17 | .60 .15 | 14
II 60 | 55 | 52 | a8l .16 | .15 | 6| .13
11 55 | 52| a8 | 45| s | a3 12
v 52 68 | 45 | 1] 16 3] 12 ] i
DUCT I 9 | .83 | .86 | 90| .17 | .18 | .19.] .19
II 56| 56 | .59 | 61| 12 | 12| 3] 13
111 37 .38 | .40 | .42| .08 | .08 | .09 | .09
Iv 25 | 26 | 27| 281 los | 06 | .06 | .06
PET 1 200 a9 ) s 7] o9 | .09 | .08 | .08
II a9 | s8] 7| s o8 | .08 | .08 | .07
111 a8 | 7| s | el oto7 | los | lo7 | Lo
W ET2E MUET I8 IRV INETS Y B B2 S 2 Y
PFT.SEW. SB I S1 .76 (107 |1ss| o2t | .| oLas |63
Il 48 | .69 [ 1.00 | 1.h| 20 | .29 | a2 | 60
11 b | 6k L o.03 | 1.3 | 19 | .27 | .39 | .36
it w1 ) .e0 | .e6 |12s] !l | 3| 52
PET.ST I 85 .79 .7a | 63| .26 ] .ou | 23| .2
1 ol 76| e8| el 26 | 230 210 20
11 6| e | ea | 391 23l .21 | 20| .18
v 68 | .66 | 39 350 .21 ] 20| 18] 17

Continued
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TABLE 28.

Continued

Infrastructure Level

Construction Cost Factor

Operation and Maintemance

Sanitation | Population Cost Factor
Technology | Level R I |1 I |
AP I 2.52 | 2.36 ] 2.18 | 2.02 .10 .09 .09 .08
II 2.34 ) 2,18 { 2.02{ 1.88 .09 .09 .08 .07
II1 2.18 [ 2.02 | 1.88] 1.75 .09 .08 .07 .07
IV 2.02 | 1.88 1.75 1.63 .08 .07 .07 .06
AP.SULLAGE I 3.78 | 5.45 | 7.88 {11.39 .15 21 .31 RAA
II 3.51 | 5.07 | 7.33 }10.59 14 .20 .29 .41
111 3.27 | 4.72 { 6.82 | 9.85 .13 .18 .27 .38
v 3.03 1 4.39 | 6.34| 9.16 .12 17 .25 .36
AP.SEW.SB I 6.29 { 9.09 |13.14 [ 18.98 .25 .35 .51 .74
II 5.85 | 8.45 [12.22 {17.65 .2 .33 48 .69
II1 5.44 | 7.86 [11.36 |16.42 .21 .3 A .64
v 5.06 | 7.31 |10.57 {15.27 .20 .29 41 .60
V& I .28 .28 .28 .28 .30 .30 .30 .30
11 .28 .28 .28 .28 .30 .30 .30 .30
I1I .28 .2 .28 .28 .30 .30 .30 .30
Iv .28 .28 .28 .28 .30 .30 .30 .30
CoMM 1 .38 .47 .59 14 .15 .19 .24 .30
II .35 A .55 .69 .14 .18 .22 .28
111 .33 .41 31 .64 .13 17 .21 .2
v .30 .38 .47 .39 .12 .15 .19 .24
COMM. SEW I .94 1 1.36 | 1.97] 2.84 .38 .55 .80 | 1.15
11 .88 | 1.27 | 1.83] 2.64 .36 .51 74 1,07
II1 .81 1.18 1.70 | 2.46 .33 .48 .69 1.00
v .76 ] 1.09 | 1.58] 2.29 .31 .44 .64 .93
AC I No cost data available
II
111
v
LAG.WSP I 3.00 | 1.45 ) 1.90{ 2.15| 2.62 | 4.21 | 7.42110.63
11 1.17 ) 1.67 ] 2.07| 2.35i 2.50 ] 4.10 | 7.21)10.31
111 1.50 ¢ 1.70 | 2.221{ 3.35| 2.10 | 3.17 | 5.33| 7.50
v 2.00 ) 2,50 3.50| 4.00% 1.00 | 2.33 | 4.67! 6.50
1c 1 No cost data available
I
111
v

Continued
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TABLE 28. Continued

Infrastructure Level

Construction Cast Factor

Operation and Maintenance

Sanitation | Population Cost Factor
Technology | Level NEREE I |11 | a1
HRTC 1 No cost data available
I1
III
Y
¢ I 2.89 | 3.13| 3.38 3.62 (10.31}12.21]14.10 16.00
i1 7.52 | 8.15 | 9.78 1 1C.41{ 9.62111.19{13.15 | 14.92
111 9.07 | 9.94]10.70 | 11.00 | 9.17 [ 10.86 | 12.56 | 14.52
v 10.55 {11.18 {11.45 11,82 | 9.08 { 10.57 | 11.33| 14.10
SDBED I 6.68 | 5.87 | 5.07 4.26|50.25{43.13 41,96 38.24
11 9.57 | 8.041 7.21; 6.98 } 46.46 | 43.13 | 34.58 | 32.85
III 13.73 [11.70 | 9.67 | 8.64 {39.25|34.5827.63|25.47
v 17.37 115,23 1 13.08 | 11.94 137.80 | 32.920} 26.96 ! 21.31
SDLAG I 38.30 127,30 | 25.00} 20.29 | 72.69 | 79.40 | 86.10 | 92.81
11 30.73 {25.82120.91 ] 16.00 | 39.54 | 46.77 | 54.00 | 61.23
II1 23.78 122.50 | 18.22 | 14.94 | 30.67 | 36.28 | 40.95 | 47.50
v 19.29 |17.03 | 15.78 ] 12,52 128.60 | 33.83 | 39.07 | 44.30
ALAG.EXT 1 12.33 | 14.48 | 16.00 | 17.00 | 20.56 | 29.75 | 37.94 | 45.13
II 15.50 [17.26 {1 18.20 | 19.15 | 16.06 | 26.48 | 30.89 ] 37.31
III 17.16 [ 18,40 | 19.64 ) 21.88 ] 10.50 | 14.72{ 18.95{ 23.17
v 17.23 119.57 ] 20.90 ) 23.24 | 8.40) 10.30 14.27 15.20
CHLOR I 1.32 ) 1.21| 1.11} 1.00|18.6219.26] 20.66] 26.86
11 8.60 | 7.91( 7.22| 6.53{13.25( 14.45]|13.00} 11.5¢4
111 10.23 |11.37 [ 15.20| 16.84 | 6.19| 6.88 | 9.24]10.18
v 16,84 [ 13.50 | 10.17| 9.18 | 5.80{ 5.07{ 5.33| 3.60
LT I 15.70 {17.55 | 23.00 | 26.00 | 9.42{ 10.46 ] 14.07( 15.50
II 12.67 |14.08 | 18.94] 20.86 | 7.69| 10.30 | 11.29{ 12.35
111 10.23 [ 11.37 ] 15.20) 16.84 | 6.19| 6.88| 9.24| 10.18
v 8.25 1 9.19) 12.23| 13.58 1 &4.95) 5.52} 7.34| 8.15
RBC I 58.50 | 43,04 | 32,721 25,601 29.38( 27.35] 22.42{ 15.40
11 49.50 [39.40{ 31.701 21.90 1 27.151 23.36§ 18.75} 13.45
III 37.63 135.70 | 28.71] 20.48 | 25.24{ 20.31| 16.20] 13.37
v 28.94 [ 27.25] 21.91| 15.64 { 23.93| 17.71 | 14.32] 10.21

Continued
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TABLE 28.

Continued

Infrastructure Level

Construction Cost Factor

Operation and Maintenaace

Sanitation | Population Cost Factor
Techoology | Level T | O ]I W I | 1T | I | 1
AS I 48.10 137,24 (30.00 | 25.00f 17.88 [ 22.75| 27.63| 32.50
II 42.00 ) 32.00{27.00 | 20.00| 14.92 | 18.97 | 23.03 | 27.08
I 30.30129.00)23.22|18.00f 13.90 | 17.67 | 21.43 | 24.83
v 23.31121.82118.34 115,85} 13.67 | 17.39 | 21.11 | 24.20
TF.STD I 34.64 134,97 1 35.30 | 38.63] 8.75{ 14.00{ 19.25| 24.50
11 28.09 132,02 134,95 | 35.88| 6.23 | 9.971%13.72) 17.46
111 27.99 1 29.50|30.90 [ 31.00} 5.33] 8.33|11.72| 14.92
v 23.32124.27125.21 | 26.16] 5.10| 8.13| 11.17] 14.20
TF.HR I 53.85 | 40.03 23,78 | 20.25] 32.00 { 33.00 | 34.00 | 36.00
II 406.00 { 37.00 | 31.00 [ 20.00| 16.15 | 20.64| 25.13 | 29.62
111 27.11123.51)19.90 1 17.68} 14,201 16.44| 21.14| 25.83
IV 20.11418.86 | 17.62 | 16.37| 11.75| 16.07 ! 17.93 | 19.80
IMHOFF 1 20.00 ] 17.28 | 16.45 | 11.62] 46.25( 55.35 | 63.46 | 72.36
I 24,521 19.52 [ 19.02 1 18.53| 39.38 | 45.87] 53.36 | 61.85
111 28.11121.28 [ 20.04 | 18.80) 38.58 | 41.80 | 42.03| 42.25
v 30.38 | 27.28 | 24.17 { 21.07| 18.70| 24.60 | 26.50 | 31.40
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Water Treatment Technology Cost Ratios by Infrastructure and Population Level

TABLE 29

Infrastructure Level
Water . Operation and Maintenance
Treatment | Population Construction Cost Factor Cost Factor
Technology |  Level 1 1L 1 | W R EREEET
NT I 3.16 2.94 2.15 1.50 7 2.51 | 2.80 | 5.04 | 4.00
II 2.70 2.43 1.48 1.37 | 1.75 | 2.01 | 3.01{ 3.53
111 1.64 1.47 1.51 1.041 1.42 1 1.95 | 2.50 | 2.7%
v 1.44 1.38 1.21 1.10 [ 1.00 ] 1.78 | 1.95 | 2.43
PT I 2.00 2.20 2,57 3.00f 6.54 | 7.03 | 7.51 | 8.00
11 2.20 2.50 3.00 3.25| 6.74 1 7.17 | 7.67 | 8.15
I1I 2.50 2.75 3.01 3,501 6.83 ] 7.33 | 7.83{ 8.33
v 2.74 2.96 3.48 .00 6.93 ) 7.63 | 7.95 ] R.33
SSF I 13.16 | 14.77 | 15.38 | 16,00} 2.66 | 5.11 | 5.55 | 6.00
I1 11.29 [ 13.43 | 14.68 | 15.00 | 2.94 | 5.71 | 6.05 | 6.45
III 3.59 | 11.45 { 13.31 § 14.174 3.05 | 6.01 | 7.86 |10.62
v 7.90 9.43 | 10.97 | 12.50 | 3.33 | 6.37 | 9.44 |12.50
RSF I 23.38 | 20.31 | 16.66 | 12.80 | 3.60 | 4.08 | 5.27 | 7.60
I 22.00 }19.89 | 14.45 | 11.00 | 4.90 | 8.27 | 9.93 [10.45
111 16.42 | 16.00 9.20 7.58 1 6.58 | 9.25 |11.91 | 14.58
v 15.50 8.77 6.00 5.30 {11.17 |15.78 |20.39 |{25.00
CHLOR I 4.32 3.21 3.1 3.00 ) 18.38 |15.72 [12.86 | 11.75
II 3.81 3.57 2.94 2.80 | 18.47 |15.65 112.54 | 11.42
II1 3.48 3.04 2.71 2.57(18.08 |14.91 [12.35 | 10.58
v 3.16 2.91 2.65 2.40 ) 16.50 12.33 |12.17 | 10.00
T&0 1 105.16 | 93.00 | 80.50 | 70.00 | 46.82 |45.26 143.66 | 42.08
I1 91.34 | 80.44 | 70.53 | 59.63 ] 51.00 |49.28 [47.56 | 45.84
111 75.59 {66.71 | 57.82 | 48.92{ 87.50 |84.22 {80.95 }77.47
v 61.76 | 54.57 | 47.39 | 40.20| 97.50 |94.22 |90.95 | 87.67
DFILT I 31.60 | 29.17 | 26.96 | 24.31 28.08 {25.92 {23.76 | 21.60
11 30.25 | 28.55 | 26.74 | 24.121427.78 |25.45 {23.25 {20.64
111 29.95 | 28.26 { 26.38 | 26.01727.13 |25.17 {22.89 |20.19
v 29.32 | 28.10 | 26.23 | 23.75| 26.98 [ 24.98 (22.56 [ 20.04
CFILT I No data availabie at the present
11
III
v
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Continued



TABLE 29.

Continued

Infrastructure Level

Water . Operation and Maintenance
Treatment | Population Comstruction Cost Factor Cost Factor
Techoology |  Level I 11 | W T [ || w

SOFT I 150.99 | 110.47 | 70.95 | 41.43129.86 | 28.85|27.85 | 26.84

II 115.86 | 90.49 | 85.12| 39.75| 38.48 | 37.32 ] 36.57 ] 35.61

I1I 60.79 | 52.01 ¢ 48.231| 25.45)44.50}642.67 1} 40.83}32.00

IV 47.90 | 30.87 | 27.83| 22.80 54.50 (52.69{50.87] 49.06

DSALT! I 163.71 {158.11 [ 116.00 ! 105.00 | 16.46 | 15.91 | 15.35 [ 14.80
II 146.94 | 129.63 [ 117.31( 95.00 | 24.77 | 25.17{ 23.92 | 22.26

I11 127.70 [ 112.88 | 97.06 | 84.24] 32.67 |31.22]29.78 28.33

v 83.52 | 73.95| 65.37| 57.80 42.67 {41.22(39.73| 38.33

DSALT2 I 153.24 | 118.00 | 103.00 | 82.35] 31.3230.2729.21 28.16
11 120.04 1105.53 | 91.01| 77.504 37.87 | 36.39 ] 35.31| 34.03

111 106.50 | 95.42 ; B81.31( ©9.21] 65.10 ; 62.97 | 60.78 | 58.58

Iv 80.78 | 75.17 | 66.40| 56.80 | 656.33|70.72165.11]59.50
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from a "volunteer" type organization. Virtually
100% of local employment is agricultural. A

rural village is an example.

2. Level II  where the infrastructure is dependent on the
imported employment of scientific and technical
people, but produces managers, operators, low
level teachers, etc. to support a low to me-
dium size market economy. Approximately 50%
of the local population derives a livelihood
from agriculture. The secondary and primary
schools are developed but the quality of in-
struction may be very variable. An example

is the rural town or small city.

3. Level III where the infrastructure has available scien-
tists, engineers, and other professionals,
but imports almost all research profession-
als. Primary and secondary school systems
are well developed with generally good
teachers. There may be a local college
available. Less than 25% of the population
will be engaged in agriculture or agriculture
related enterprise. An example is a large
but isolated city, possibly a regional center

of commerce.
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4., TLevel IV where the infrastructure closely resembles a
large city in a developed country. Signifi-
cant portion of the population finish primary
and secondary schools. Research professional
are readily available and high technology is
also available. An example is the national

capital of a developing country.

The second economy/diseconomy factor relates to the population size of
the design site. In general this factor reflects the effects of scale

on the treatment cost. There are four scale levels utilized by MATMAT:

1. Level I: population £2,500

2. Level II: 2,500< population £15,000

3. Level III: 15,000< population £50,000

4. Level IV: population >50,000

In summary, MAPMAT uses cost ratios which may be useful for
comparison and demonstration purposes but cannot be used for estimation
purpose. Two sources exist to get around the cost estimation problem.
First local cost data may be developed and substituted for MAPMAT's cost
ratios. Secondly, local cost may be used with CAPDET once MAPMAT has
been used to construct treatment schemes which are appropriate to the
local site. In either case, the regression package and the telecommuni-

cations link to CAPDET should be useful to the user. A final note is
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that all cost should reflect economic cost which means that shadow

prices may be required for labor (especially the unskilled usage rate),
foreign exchange, opportunity cost of capital, and other direct inputs
such as land, water, etc. The WBANK documentation deals at length with
the use of shadow prices.18 The technique is simple but the estimation
of the shadow price factor is very difficult: "Given the data available
in developing countries, no precise calculations can be made of shadow

19

pricese*--. MAPMAT does not attempt to use shadow pricing for this

reason.

18Kalbermatten, Julius, and Gunnerson, Appropriate Technology
for Water Supply and Sanitation: A Planmer's Guide: 27-40.

19

Feachem, McGarry, and Mara, Water, Waste and Health: 134.
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Summary

This chapter has presented the details of a wodel designed to
aid in the plarning process in developing countries, MAPMAT. The area
of interest is the selection of appropriate technology in water supply
treatment and sanitation technology. The approach taken by MAPMAT is to
use an interactive sequence of questions about local conditions to re-
move from consideration treatment technology which would be inappro-
priate for local use. Inappropriateness could occur due to the viola-
tion of techmical, social/cultural, resource, or health constraints.
The remaining treatment technologies are arrayed by the user into treat-
ment schemes. MAPMAT then uses semsitivity analysis and cost effective-
ness analysis to investigate the alternatives available to the user.
MAPMAT has available a telecommunications link to CAPDET and a multiple
regression package for the user's convenience. The design of MAPMAT

concentrated on eight major criteria:

1. The selection of appropriate techmology for water supply

and/or sanitation.

2. The selection of water supply/sanitation technology which
is responsible to local health conditions and social/

cultured conditions.
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3. Methodology which includes interactive sensitivity analy-

sis.

4. The methodology provides a common framework of analysis for

interdisciplinary planning.

5. The range of technology included must cover both rural

nucleated villages and urban areas in developing countries.

6. The methodology uses an economic cost approach.

7. The methodology allows engineering design detail to be

provided by telecommunications.

8. The methodology incorporates multiple objective optimiza-

tion.

MAPMAT incorporates all of these criteria into its design. The founda~
tion on which MAPMAT builds is the previous models developed in this
area: (1) CAPDET and EXEC-OP for developed country applicationms,
(2) USAID/REID and WBANK for developing countries applications. In the
following chapter, data gathered by the USAID/REID project is used to

verify the operation of MAPMAT.



CHAPTER IV
A TEST OF MAPMAT
Introduction

The intent of MAPMAT's design is an interactive framework for
analysis of water supply and sanitation investment in developing coun-
tries. MAPMAT will have fulfilled that intent if planners in developing
countries and members of international lending organizations find the
approach taken by MAPMAT to be useful and to facilitate selection of
appropriate technology. Thorough testing of MAPMAT will require extend-
ed usage in developing countries and a committment to collecting eco-
nomic cost data to be used in amalysis. A limited test, and insight
into the application, of MAPMAT can be gained by comparison to a similar
model, USAID/REID, which has been field tested in Panama and Indonesia.
AID spomsored a four month field test of USAID/REID in both Panama and
Indonesia in late 1979 and early 1980. Teams of University of Oklahoma
engineers, under the direction of Professor George W. Reid, gathered
data from varied test sites in Panama and Indonesia. The USAID/REID
model was tested with this varied data and although there were minor

definational problems the USAID/REID model was found to be an excellent

143
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first generation model. The USAID/REID model and the field test results
were presented in one week seminars held in several countries: Panama,
Indonesia, the Philippines, Peru, Thailand, etc. The data gathered in
the USAID/REID field test is used to test MAPMAT and to compare the out-
put of MAPMAT to the output of USAID/REID. The following sections will
discuss the operation of MAPMAT, the results derived by using the Panama
anéd Indonesia data as input to MAPMAT, and conclusions and

recommendations.
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Operation of MAPMAT

MAPMAT has six integral operating sections plus two utilities.
The two utilities are intended to allow multiple regression analysis on
cost data and provide a telecommunication link to CAPDET. Both of
these utilities are peripheral to MAPMAT's operation and will not be

discussed here. The central sections of MAPMAT are:

1. MAPMAT .MAIN

2. MAPMAT.AVAIL

3. MAPMAT.OPTIMIZE

4. MAPMAT.COST.RATIO

5. MAPMAT.EFFECTIVENESS

6. MAPMAT.SENSITIVITY

Initial entry into MAPMAT occurs via a greeting program called
MAPMAT.HELLO. The greeting program automatically runs the main menu
program called MAPMAT.MAIN. The purpose of the main menu program is to
provide user‘interaction among the separate programs. The programs are

written separately due to size of MAPMAT, approximately 95,000 bytes of
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code and cost ratio data, and to increase the efficiency of interactive
usage. Once data is prepared by one of the programs MAPMAT automatical-
ly stores the data in a temporary file for further processing and, at
user option, the file may be saved permanently. MAPMAT.MAIN guides the
user to select a program for use. Appendix L includes the output gen~
erated by MAPMAT.HELLO and MAPMAT.MAIN.

MAPMAT.AVAIL second major section of MAPMAT, uses a question-
naire approach to identify technologies which may be inappropriate for
the design site. There are 37 questions which correspond to the columns
of Tables 18 through 21 for sanitation technology and Tables 22 through
25 for water supply technology. The answers to these questions deter-
mine whether a specific technology would be appropriate to local condi-
tions and therefore is considered available by MAPMAT. Once the 37
questions are completed MAPMAT indicates the available technologies and,
at the users option, the answers given to the questions and/or the ques-
tions which caused a particular technology to be unavailable.
MAPMAT .AVAIL then produces a temporary disk file which contains the
technology mnemonics, the technology availability, and response to ques-
tions. Appendix M contains the output generated by MAPMAT.AVAIL. The
last four pages of Appendix M details the available technologies:
ST,PFT.ST, and AP.SULLAGE for sanitation and SSF,DFILT, and CFILT for
water supply. The technologies are arrayed against question numbers
with an "x" indicating that the question response caused the particular
technology to be unavailable. The zero or one preceeding the technology
label indicates the on/off condition, O if off, ome is on. The final

section of Appendix M indicates the response given to the 37 questions.
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The user has the option to permanently store the data generated by
MAPMAT.AVAIL. The user finishes the MAPMAT.AVAIL section by returning
to the main menu.

The third major section of MAPMAT is the optimization sectionm,
MAPMAT .OPTIMIZE. The purpose of this section is the construction of
treatment trains from the available processes and checking to see that
treatment goals, if set, are fulfilled. On entering MAPMAT.OPTIMIZE the

user can select three options for data entry:

1. retrieve data stored temporarily by MAPMAT,
2. retrieve data stored permanently under a file name,

3. data which the user generates at this point.

The first two options use data stored on disks by MAPMAT.AVAIL. The
data are retrieved from the disks and used to construct treatment
trains. From the list of available technologies the user selects those
technologies which will be used to construct treatment trains. Up to 99
stages can be included in a single treatment train and up to 999 treat-
ment trains can be constructed. To allow for sequential investment
programs MAPMAT.OPTIMIZE asks the user to specify the year in which a
technology will be available. By specifying an entry in year 10 the
user can investigate sequential investment starting in year one with an
additional technology entered in year 10. Treatment goals and load can
be entered by the user and MAPMAT will use internal percent reduction

calculations to check each treatment train for compliance with the goal.
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At the present time BOD reduction is the only goal of sanitation techno-
logy, while fecal coliform count is the only goal of water supply treat-
ment. If a treatment train exceeds a goal, then the user is informed of
both goal and existing load. The train may be included or excluded at
the user's option. Finally a summary of the treatment train data is
printed and the user is returned to the main menu. The treatment trains
and year of availability are stored in a temporary data file and can be
permanently stored at the user's option. A sample computer output is
included as Appendix N.

The fourth section of MAPMAT is the cost ratio section,
MAPMAT.COST.RATIO. The purpose of this section is to use the stored
data to calculate per capita cost ratios for the selected treatment
trains. Upon entry the user provides analysis data such as the existing
population growth rate, the period of analysis to be used in discount~
ing, and the opportunity cost of capital. The population values are
used to establish economy/diseconomy information to be used by
MAPMAT.COST.RATIO during the cost calculations. The average population
over the life of the project is used in this analysis rather than the
design population or the initial population. MAPMAT.COST.RATIO next
presents descriptions of the four infrastructure levels which help to
determine the economy/diseconomy data. The user must select an infra-
structure level which is the best approximation of the design site.
Onée this information is entered MAPMAT.COST.RATIO moves to the cost
calculations. Two options for data retrieval are using a temporary file
stored by MAPMAT or data retrieval using a permanent file stored by
MAPMAT. The indicated data is retrieved and the cost ratios are pre-

sented for each stage and for the train as a whole. Since the total



-149-

values are presented as integers, the rounding error may cause values
less than one to be reported as zero. Once MAPMAT.COST.RATIO completes
printing the cost ratio data, the user is again returned to the main
menu. A sample computer output for MAPMAT is the multi-objective opti-
mization analysis using a pairwise comparison technique for cost effec-
tiveness analysis. The purpose of this section is to allow the user to
deteimine the relative importance of several factors which relate to the
decision but cannct be quantified strictly in terms of cost. As an ex-
ample, the data generated by Appendices L through O are used to demon-
strate the technique. Four treatment trains have been stored and upon
entry to MAPMAT.EFFECTIVENESS are identified as trains 1 through 4.

Four effectiveness measures are selected for analysis:

1. the effectiveness of the alternative trains in using local

labor,
2. reliability of the selected trains,
3. the social acceptance of the selected treatment trains,

4. the reliance on imported material of the selected trains.

Relative weights are assigned pairwise starting at the top of the list
of effectiveness measures. For example, local labor use might be deemed
twice as important as reliability. Reliability could be three times as
important as social acceptance, etc. From these relative importance

figures MAPMAT produces normalized relative weights for the included
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effectiveness measures. The same procedure is used for each effective-
ness measure, but each alternative is ranked pairwise against the other
alternatives. MAPMAT produces normalized relative rates for the alter-
nate treatment trains for each selected effectiveness measure. MAPMAT
uses the normalized weights between the effectiveness measures, and the
normalized weights between the alternatives for each effectiveness mea-

sure, to construct a total weighted average effectiveness:

I
T, = > Ay
i=1
where TEj = total effectiveness for the jth alternative,
Aij = normalized weight for the jth alternative within the
ith effectiveness measure,
Mi = normalized weight for the ith effectiveness measure.

The user has three options for cost data entry:

1. a temporary data file comstructed by MAPMAT,

2. a permanent data file constructed by MAPMAT,

3. local entry of data.
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Once the data are entered MAPMAT produces a summary of the cost effec-
tiveness by dividing each cost by the TEj calculated above. Appendix P
includes a sample computer output for MAPMAT.EFFECTIVENESS.

The final major section of MAPMAT is the sensitivity analysis,
MAPMAT.SENSITIVITY. The purpose of this section is to allow the user to
modify a data element and investigate the effect of the change. Upon
entry the user selects the area of data which will be modified. The
modification takes place and the user receives the output appropriate to
the solution. An example is included as Appendix Q. Inspection of the
summary information in Appendix M indicated that question 12 caused sev-
eral sanitation technologies such as VIPL to be inappropriate. Question
12 attempts to discover what level of training will be available at the
design site. Several technologies require an extensive knowledge on the
part of the user to be effective. If a local group, or a non-local
group, will not supply that training then these technologies are likely
to be inappropriate. For this example a low level of training was ini-
tially expected at the local site, but if an international lending or-
ganization will include funds for training then these technologies
become available as shown in Appendix Q. The user could then link back
using the main ﬁenu to rerun the optimization, cost ratio, and cost
effectiveness sections.

In summary, the operation of MAPMAT is segmented into several
sections which generate data files that are stored for further process-
ing. A complete run of the model, excluding the communication and sta-
tistical utilities, is included as Appendices L through Q. In the fol-
lowing sections the use of MAPMAT is demonstrated using data from the

USAID/REID field test in Panama and Indonesia.
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MAPMAT Results for Panama and Indonesia, Data

Gathered by the USAID/REID Project

Two member teams were dispatched from the University of
Oklahoma to spend approximately three to four months in Panama and
Indonesia. The major effort of these teams was to be the collection of
data and analysis of the data using the USAID/REID model. The teams had
daily contact and involved local govermment individuals in the collec-

tion and analysis of data. In Panama five test sites were selected for

investigation:
City Province 1979 Population
1. David Chirique 50,890
2. Santiago Veraquas 21,840
3. Penonome’ Cocle’ 9,490
4. Las Tablas Los Santos 5,700
5. Bocas del Tore Bocas del Toro 2,700

Water supply treatment analysis was completed for David, Santiago, and
Bocas del Toro. ‘Wastewater treatment analysis was completed for David,
Peneonome’, and L2g Tablas. The following output was derived from the

USAID/REID model:

City Unit Process Availability ggzgigﬁzigg;
David No Treatment (NT) 1. RS8F,c+ 1D
Pre-Treatment (PT) - 2. RSF,a +D

Slow Sand Filter (SSF) 3. PT +RSF,c +D
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Cont'd.
. . . o Combinations
City Unit Process Availability Availability
Rapid Sand Filter, conventional 4., PT + RSF,a + D
(RSF,c)
Rapid Sand Filter, Advanced
(RSF,a)

Softening (SOFT)
Disinfection (D)
Taste, Odor (T&0)
Desalting - Salt (SALT1)
Desalting -~ brackish (SALT2)
Containment Filter (CFILT)

Santiago NT None
PT
SSF
D
T&0
CFILT

By making available professional operation and maintenance labor, the
following process and combinations occur:

RSF,c 1. RSF,c+D
RSF,a 2. RSF,a+1D
3. PT +RSF,c +D
4, PT + RFF,a + D
Bocas del Toro PT None
D

By providing professional labor as above the same unit processes and
combinations would be available.
Using data derived from the USAID/REID project MAPMAT provided

the following output:

City Tgﬁgﬁiﬁies Combinations Available
David RSF Any combination selected
CHLOR up to 99 stages and 999

T&0 treatment trains
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Cont'd.
City Tzsgﬁiigiies Combinations Available
DFILT Examples:
CFILT 1. CFILT + RSF + CHLOR
SOFT 2. RSF + CHLOR
DSALT1 3. RSF + DFILT
DSALT2 4. DSALT1 + CHLOR
5. CFILT + DFILT
6. CFILT + RSF in year 1
+ DFILT in year 5
Bocas del Toro NT Any combination
DFILT Examples:
CFILT 1. DFILT in year 1 +

DFILT in year 10
2. NT + DFILT
3. NT + CFILT

The Santiago output provided no significant information increase
for the comparison and therefore is omitted from the analysis. In com-
parison, it can be seen that MAPMAT indicates fewer techmnologies avail-
able. Analysis of the MAPMAT.AVAIL output indicated that tﬂe prevalence
of helminths in the local area was significant in reducing the number of
available technologies. In addition the lack of professional labor for

operation and maintenance reduced the number of technologies available.
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This is in keeping with the intent of MAPMAT to flag inappropriate in-
vestment. Appendix R includes the summary information from MAPMAT.AVAIL,
MAPMAT.OPTIMIZE, and MAPMAT.COST.RATIO. for David. The same information
is included as Appendix S for Bocas del Toro. It should be noted that
MAPMAT produces cost ratios of zero when data is not available. The

wastewater output of USAID/REID field test in Panama included the

following:
Wastewater Treatment
City Unit Process Availability Combinations Availability
David Primary, conventional (PC) 1. 0C + IMHOFF
Primary, Stabilization Pond 2. SP + DILUT
(8P)
Sludge, conventional (S,c) 3. PC+ 8S,¢
Sludge, advanced (S,a) 4, PC + IMHOFF + STD
Sludge, combined (IMHOFF) 5. PC + EXT
Secondary, standard filter 6. PC+ S,c + STD
(STD)
%econdary, high rate filter 7. PC+ S,c+ 1R
HR)
Secondary, Activated Sludge 8. PC + S,c + AS
(4s)
Secondary, Extended Aeration 9. Pc + IMHOFF + D
(EXT) :
Disinfection (D) 10, PC+S,c+D
Aqua culture (AQ) 11. SP +D
Dilution (DILUT) 12. PC + INHOFF + STD + D
Individual (INDIV1) 13. PC+ S,c+STD +D
Individual, advanced (INDIV2) 14. PC'+ S,c +HR + D
15. PC + D + EXT
Penonome ' PC 1. PC + IMHOFF
SP 2. PC+ S,c
S,c 3. SP + DILUT
S,a 4. PC + IMHOFF + STD
IMHOFF 5. PC + EXT
STD 6. PC+ S,c + STD
EXT 7. PC + IMHOEF + D
D 8. PC+8S,c+D
AQ 9, SP+D
DILUT 10. PC + IMHOFF + STD + D
INDIV1 11. PC + S,c + STD +D

INDIV2 12, PC + D + EXT



LAS TABLAS Same
as

Penonome’
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PC + IMHOFF + D
PC+S,c+D

SP + D

PC + IMHOFF + STD + D
PC+S,c STD + D

PC + EXT + D

ON U B~ 0N =

Using the data from the USAID/REID project MAPMAT supplied the following

output:

) Technology
City Availability

David ROEC
ST
PET
PFT.SEW.SB
PFT.ST
coMM

COMM. SEW

VIPL
VIDPL

ROEC

PFT
PFT.ST

Penonome’

Treatment Trains

Examples with year of construction
under the technology

1. ROEC
1
2. ST
1
3. PFT + PFT.ST + PFT.SEW.SB
1 5 10
+PC +IMHOFF + TF.STD
10 10 10
4. PC + IMHOFF + TF.HR + CHLOR
1 1 1 10
5. PC + TF.STD + AS + CHLOR
1 1 5 1
6. PFT.SEW.SB + PC + IMHOFF + TF.STD
1 1 1 1
7. COMM.SEW + PC + IMHOFF + TF.STD
1 1 1 1
Examples:
1. PFT + PFT.ST
1 5
2. VIPL
1
3. VIDPL
1
4. ROEC
1
5. PFT
1
AP
1
7. VIDPL + PFT + PFT.ST
1 5 10
8. ROEC + PFT + PFT.ST

1 5 10
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Las Tablas is not included here since it did not provide significant
additional information. As can be seen from the above, the technology
available for David are substantially the same for MAPMAT and USAID/
REID. The flexibility of MAPMAT in constructing treatment trains is
apparent for both David and Penonome’. Appendices T and U include the
summary output from MAPMAT. Certain treatment trains are eliminated
from consideration due to faulty data input by the user, i.e., specify-
ing a construction date beyond the analysis period, etc. The David out-
put from MAPMAT is illustrative of the difference in coﬁparison to
USAID/REID. Treatment trains &, 5, and 6 allow the user to investigate
sequential investment, and in the case of train 4, the technology moves
from on-site to sewered. In addition, MAPMAT includes a larger number
of technologies than USAID/REID so that additional flexibility is pro-
vided. In the case of Penonome’, the differences are quite striking.
USAID/REID has available almost the full range of sanitation, while
MAPMAT indicates only on-site alternatives be included as appropriate to
local conditions. Analysis of the response to the questions indicates
that several technologies were made unavailable on the basis of judgmen-
tal answers by the user. Since the pertinent information is not avail-
able, the output from MAPMAT cannot be verified. Clearly, MAPMAT is
sensitive to the quality and quantity of the input data. This sensiti-
vity is the intent of MAPMAT since the interactive flexibility allows
rapid additional analysis that should be sensitive to local conditionms.
0f course, MAPMAT may be too sensitive, but only full information tests
will decide this issue. It should be noted that at the time of the
USAID/REID field tests, only communal septic tanks were in use at

Penonome’ .



The Indonesia field test of USAID/REID covered four sites in

West Java:

Test Location District Population
Site ' P

TS1 Desa Bongas Bandung 11,175
TS2 Desa Nanjung Bandung 5,236
TS3 Desas Wetan and Majalengka 24,625

Kulon
TS4 Four Desas in Karawang Karawang 79,680

Two of the Indonesian test sites are selected for comparison, TS2 and

TS4.

The USAID/REID model indicates the following output based on the

test site data:

Test Unit Process Combinations
Site Availability Available
TS2 NT 1. NT
PT 2. NT+D
SSF 3. SSF
D 4, PT + SSF
T&0 S. PT + SSF + D
CFILT 6. CFILT
7. T&0
TS4 NT 1. NT
PT 2. NT + PT
SSF 3. SSF
RSF,c 4, PT + SSF
RSF,a 5. CFILT
SOFT 6. RSF,c +1D
D 7. PT +RSF,c+D
T&0 8. RSF,a +D
SALT1 9. PT + RSF,a D
SALT?2
CFILT

Using the USAID/REID data, MAPMAT generated the following

output.



Water Supply Treatment

Test Technology .
Site  Availability ireatment Train
TS2 NT Any combination of the
PT available technologies

DFILT

CFILT

TS4 NT Any combination
PT
SSF
RSF

CHLOR
T&0
DFILT
CFILT
SOFT
DSALT1
DSALT2

As in the Panama test data, both USAID/REID and MAPMAT select approxi-
mately the same technologies for a large city. MAPMAT gives the user
more flexibility in comstructing alternate treatment trains. For rural
villages and towns, MAPMAT tends to be conservative in selecting techno-
logy compared to USAID/REID.

The sanitation section of USAID/REID resulted in the following

output for the Indonesian test sites:

Sanitation Technology

Test Unit Process

Site Availability Combinations Available

TS2 PC 1. PC + IMHOFF
SP 2. BC + S,c
S,c 3. SP
S,a 4. PC + IMHOFF + STD
IMHOFF 5. PC + EXT
STD 6. PC + S,c + STD
EXT 7. S,c
D 8. Any one of 1 to 7 +D
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Sanitation Technology - Cont'd.

Test Unit Process , . .
Site Availability Combinations Available
AQ 9. AC

DILUT 10. DILUT

INDIV1 11. SP + DILUT

INDIV2 12. INDIV1

13. INDIV2

TS4 All process See David

available - see
David, Waste
section.

Using the data from the USAID/REID project, MAPMAT produced the
following output:

Sanitation Technology

Test Technology .
Site  Availability  .reatment Train
T82 VIPL Any combination
VIDPL
ST
PFT
PFT.SF
sP
AP.SULLAGE

TS4 PET Any combination
PFT.SEW.SB
AP
AP .SULLAGE
AP.SEW.SB
comm
COMM. SEW
LAG.WSP
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These results confirm the previous findings that MAPMAT is more
conservative than USAID/REID on technology availability for small towns
and rural villages, but very similar on large cities. MAPMAT is more
flexible in construction of treatment trains. Summary results from

MAPMAT are included as Appendix V for TS2 and Appendix W for TS4.



CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH

The purpose of this research has been the synthesis of economics and
civil engineering in a planning model which would be appropriate to developing
countries. The model developed, MAPMAT, attempts to interface the areas of
economic planning, economic cost effectiveness analysis, and public health
economics with the civil engineering areas of water supply treatment and sanita-
tion technology. The coming decade, i.e., the Water Decade, is likely to see a very
large investment in water supply treatment and sanitation technology for develop-
ing countries. Unless the technology selected is appropriate to local conditions,
the level of investment may not be effective in improving public health in
developing countries. It is desirable in economic developmental planning that
infrastructure investment funds be expended in an efficient manner and be
allocated to maximize societal welfare. In general, quantifiable benefits are
compared to project cost in choosing among competing investments.
Unfortunately, the benefits which accrue to an investment in water supply/sanita-
tion cannot be adequately quantified at the present time. In such circumstances,
the appropriateness of technology to local conditions becomes critical. The model

developed during this research represents a new economic planning model to be
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used in the selection of water supply treatment and sanitation technology. The
following paragraphs will indicate the approach used in developing the model and
recommendations on future research.

Since the intent of MAPMAT inciuded a synthesis of civil engineering
and economics the first step in the development of MAPMAT was a literature
review pertinent to the areas of interest. The review concentrated on water supply
treatment and sanitation selection models and the interdependent links between
the provision of these technologies and economic development. The second step in
the development of MAPMAT included the design of the model and implementation
on a microcomputer. A test of MAPMAT, using data previously collected by a
USAID/University of Oklahoma project, completed the development of the model.
MAPMAT's basic technology selection structure is derived from the previous
technology selection models: CAPDET, EXEC-OP, USAID/REID, and WBANK.
Economic planning elements were added to MAPMAT to produce the final form.
Once the design of MAPMAT was completed, a microcomputer was chosen for
implementing MAPMAT's design. The hardware configuration selected for
MAPMAT included an Apple II Plus microcomputer with approximately 64,000
bytes of random access memory, the Apple disk operating system version 3.3, and
the BASIC language version called Applesoft. Peripheral hardware included a
Sanyo monitor, two Micro-Sci disk drives, a Mountain Hardware CPS Multifunction
board, a D.C. Hayes modem, and an Intragral Data Systems Model 560G printer.
The implementation of MAPMAT required over 90,000 bytes of information be

stored on magnetic diskette. The final step in the development of MAPMAT
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included a test of MAPMAT using data collected by the USAID/University of
Oklahoma project. The test results from MAPMAT were compared to results
generated by USAID/REID. That comparison indicated that MAPMAT included a
broader range of options for planning purposes and a more conservative technology
process for small towns and rural villages.

Although MAPMAT f{fulfills the intent of its design, there are several

areas which would benefit from further research:

1. Sets of cost data should be developed for all planning units which
intend to use MAPMAT for cost estimation. The cost data included
in MAPMAT is useful for demonstration only.

2. MAPMAT, and it's developing country predecessors USAID/REID
and WBANK, are sensitive to the definition and interpretation of
terms used during the questionaire response and technology
selection processes. Perhaps a universal set of questions/terms
could be established rather than depend on the modeler's particular
definition of terms.

3. The relationship between an investment in public water treatment
and/or sanitation technology should be investigated thoroughly. No
satisfactory method currently exists to quantify benefits related to
these types of infrastructure investment.

4. The type of simulation included in EXEC-OP and CAPDET should

be explicitly included in MAPMAT's design. Possibly one of the
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new 16 bit microprocessor microcomputers with extended memory
could be used to create a model which would not require a
telecommunications link to CAPDET.

5. The concept of economic cost should be extended in MAPMAT's
design to aliow for additional policy options. This should be a joint
or subsequent activity with the development of cost estimation
data. '

6. MAPMAT should be tested in several developing countries and its
design altered to match conditions specific to each country where

it is used for planning.

These recommendations for future research do not attempt to be an exhaustive list
of possible alterations. Rather it is anticipated that these recommendations will
provide a starting point for future research.

MAPMAT represents a significant addition to the interdisciplinary area
that encompasses water treatment and sanitation technology from civil engineering
and economic development from economics. MAPMAT encourages the selection of
appropriate technology and provides the most comprehensive selective algorithm
for water treatment/sanitation technology appropriate to developing countries.
MAPMAT promotes systems analysis, cost effectiveness analysis, and multi-
objective planning iﬁ an interactive sensitivity framework. MAPMAT
systematically includes both economic costing and local health conditions in the
technology selection process. In conclusion, MAPMAT represents a new riiodel to

be incorporated into economic development planning for developing countries.
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Despite the fulfillment of design intent and the technical contribution to the
interdisciplinary area covered by MAPMAT, only time and usage will indiciate if
MAPMAT has fulfilled it's philosophical intent. Should this intent be fulfilled, then
econcemic conditions and public health will be significantly improved by the Water

Decade investment in water treatment and sanitation technology.
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APPENDIX A

CAPDET EXAMPLE PROBLEM OUTPUT

PRIMARY CLARIFICATION
SIDEWATER DEPTH 10.0 FEET
END

DRYING BEDS

RAINFALL 6.0 INCHES/MONTH
END

TITLE EXAMPLE PROBLEM
LIQUID LINE

BLOCK PRELIM

BLOCK PRIMAR

BLOCK STEP A TRICKL

BLOCK CHLORI

SECONDARY SLUDGE LINE

BLOCK A MIX

PRIMARY SLUDGE LINE

BLOCK AEROBI ANAERO
BLOCK DRYING

BLOCK HAULIN
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WASTE INFLUENT

AVERAGE FLOW 10.0 MGD
BOD5 300.0 MG/L
OIL AND GREASE 0.0 MG/L

DESIRED EFFLUENT CHARACTERISTICS

UNIT COSTS

BUILDING 42.0  §/SQFT
EXCAVATION 1.75 §/SQFT
WALL CONCRETE 275.00 §/CUYD
SLAB CONCRETE 230.00 §/CUYD

MARSHALL AND SWIFT 545.00

SMALL CITY EPA INDEX 140.00

END

CONTROL CARDS

LIST 4 TRAINS

PRINT TRAIN NO 1

OUTPUT QUANTITIES .

GO 1=6.625 30 YEARS

COST ANALYSIS INPUT PARAMETERS
INTEREST RATE 6.625 PERCENT

PLANNING PERIOD 30 YEARS

WAGE RATE 7.50 $/HOUR
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UNIT PRICES AND COSTS INDICES

I BUILDING
I EXCAVATION
I WALL CONCRETE
I SLAB CONCRETE
I MARSHALL AND SWIFT INDEX
D CRANE RENTAL
I EPA CONSTRUCTION COST INDEX
D CANOPY ROOF
D LABOR RATE
D OPERATOR CLASS II
D ELECTRICITY
D CHEMICAL COSTS
LINE
ALUM
IRON SALTS
POLYMER

D ENGINEERING NEWS RECORD COST INDEX

D HANDRAIL

D PIPE COST INDEX

D PIPE INSTALLATION LABOR RATE
D EIGHT INCH PIPE

D EIGHT INCH PIPE BEND

D EIGHT INCH PIPE TEE

D EIGHT INCH PIPE VALVE

42,

275.
230.
545.
67.
140.
15,
13.

1.
2886
25.
295.
14.

86.
128.
1346.
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00 $/SQ FT

.75 §/CU YD

00 $/CU YD
00 $/CU YD
00

00 §/HR

00

75 $/SQ FT
40 $/HR

.50 $/HR
.04 §/KWHR

.03 $/LB
.04 $/LB
.06 $/LB

62 $/LB

.00

20 $/FT
20
70 $/HR

.08 §/FT

82 $/UNIT
49 $/UNIT
16 $/UNIT



EXAMPLE PROBLEM

TRAIN NO 1

LIQUID PREL 0 PRIM 0 TRIC 0 CHLO 0
SECONDARY A MI 0

PRIMARY ANAE 0 DRYI 0 HAUL 0

CAPITAL COST $9,536,401.
OPERATING MAINTENANCE COST  $343,240.
EQUIVALENT ANNUAL COST $1,202,058.

TRAIN NO 2

LIQUID PREL 0 PRIM 0 TRIC 0 CHLO 0
SECONDARY A MI 0

PRIMARY AERO 0 DRYI 0 HAUL 0

CAPITAL COST $9,232,032.
OPERATING MAINTENANCE COST $377,476.
EQUIVALENT ANNUAL COST $1,216,207.

TRAIN NO 3

LIQUID PREL O PRIM 0 TRIC 0 CHIO O
SECONDARY A MI 0

PRIMARY AERO 0 DRYI 0 HAUL 0
CAPITAL COST $16,131,672.
OPERATING MAINTENANCE COST  $891,186.
EQUIVALENT ANNUAL COST §2,332,480.
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TRAIN NO 4

LIQUID PREL 0 PRIM 0 TRIC 0 CHLO O
SECONDARY A MI 0

PRIMARY ANAE O DRYI 0 HAUL 0

CAPITAL COST §17,570,674.
OPERATING MAINTENANCE COST $901,397.
EQUIVALENT ANNUAL COST $2,469,677.

EXAMPLE PROBLEM TRAIN NO 1
INFLUENT

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L) (MG/L) (MG/L)
MAXIMUM 10.0000 SUSPENDED 200.00 BOD5  300.00 TKN 45.00
AVERAGE 10.0000 VOLATILE 60.00 % BODSS  75.00 NH3 25.00
MINIMOM 10.0000 SETTLEABLE 15.00 COD 500.00 NO2 .00

CODS  400.00 NO3 .00
TEMP 18.0 C OIL & GREASE .00 PO4 18.00
PH 7.60 CATIONS 160.00

ANTONS 160.00



SLUDGE CHARACTERISTICS

VOLUME (GAL/D)
% SOLIDS
% VOLATILE

EXAMPLE PROBLEM

UM
ElE S S S S D O S )

MECHANICALLY CLEANED BAR SCREEN

D BAR SIZE

D BAR SPACING

D SLOPE OF BARS FROM HORIZONTAL
HEAD LOSS THROUGH SCREEN

D APPROACH VELOCITY

D AVERAGE FLOW THROUGH VELOCITY

D MAXIMUM FLOW THROUGH VELOCITY
SCREEN CHANNEL WIDTH

D AVERAGE CHANNEL DEPTH

.00
.00

*

oo
"~

e Wb
w W

>

.250+00
.150+01
.300+02
.206-01
.250+4C1
.250+01
.300+01
.616+01

.100+01
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.00
.00
.00

TRAIN NO 1

IN
IN
DEG
FT
FPS
FPS
FPS
T
FT
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EXAMPLE PROBLEM

PRNRE SR P o KA B A A
(o R A P w

w oA W N on

AERATED GRIT CHAMBER

MAXTMUM FLOW

AVERAGE FLOW

MINIMUM FLOW

TEMPERATURE
D MAXIMUM FLOW THROUGH VELOCITY
D AVERAGE FLOW THROUGH VELOCITY
D SIZE SMALL, PART, 100% REMOVED
D SPECIFIC GRAVITY OF PARTICLE
D NUMBER OF UNITS

MAXTMUM FLOW/UNIT
D WIDTH OF CHANNEL
D DEPTH OF CHANNEL

LENGTH OF CHANNEL

SETTLING VELOCITY OF PARTICLE
D DETENTION TIME

VOLUME OF GRIT
D AIR SUPPLY

3
~

oo
w

TRAIN NO

LU PO
~ oW

%

.154+02 CFS

.154+02 CFS

.154+02 CFS

.180+02 DEG C

.113+00 KPS

.113+00 FPS

.200+00 MM

. 265401

.200+01

.770+01 CFS

.170+02 FT

.400+01 FT

.170+02 FT

.785-01 ¥PS

.250+01 MIN

.400+02 CUFT/DAY

.300+01 CFM
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N
%
-
b
%
3
e
o
X
2
rd
rd
e
t
-
(3
x
-
YR
B3
-
s
v,
>
=
&

EXAMPLE PROBLEM TRAIN NO 1
COMMINUTION
D NUMBER OF UNITS .200+01 UNITS

DRUM DIAMETER .250+02 INCHES

DRUM RPM .250+02 REV/MIN

AVERAGE SLOT WIDTH .380+00 INCHES

HORSEPOWER/UNIT ‘ .150+01 HP

STANDARD WEIGHT .579+01 FEET

STANDARD NET WEIGHT .210+04 POUNDS

P R R I I I B
A L S O L DO s S L Y

3
3k
g
e
R
}-
3%
t
%

oo o D
R R L R A S I R T

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L) (MG/L) (MG/L)
MAXIMUM 10.0000 SUSPENDED 200.00 BOD5  300.00 TKN 45.00
AVERAGE 10.0000 VOLATILE 60.00 % BOD5S 75.00 NH3 25.00
MINIMUM 10.0000 SETTLEABLE 15.00 CoD 500.00 NO2 .00

CoDS  400.00 NO3 .00
TEMP 18.0 C 0IL & GREASE .00 P04 18.00
PH 7.60 CATIONS 160.00
ANIONS 160.00



SLUDGE CHARACTERISTICS

VOLWME (GAL/D)
% SOLIDS
% VOLATILE

EXAMPLE PROBLEM

S I A B B A R N "R TR FUR FURRN FRN SR N
WwW WA W RN RN WA W W W W R W

PRIMARY

.00
.00
.00

Lo
~N W ~ W Ow

B S T SR VR P N T A
LN Y ~n W

SECONDARY

.00
.00
.00
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>k
%
i
b
o5
R
%
{d

“ii% SUPERNATANT FROM ANAEROBIC DIGESTER ADDED TO LIQUID LINE *%¥%

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS
MAXIMUM 10.0000 SUSPENDED
AVERAGE 10.0000 VOLATILE
MINTMUM 10.0000 SETTLEABLE

TEMP 18.0 C 0IL & GREASE
PH 7.60 CATIONS
ANTONS

(MG/L)
212.69  BODS
59.80 % BOD5S

15.00 CoD

CoDs

.00 PO4
160.00

160.00

(MG/L)
312.19
88.31
527.36
422.89
18.91

(MG6/L)
TRN 49.25
NH3 27.36
No2 .00
NO3 .00
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SLUDGE CHARACTERISTICS

PRIMARY SECONDARY
VOLUME (GAL/D) .00 .00
% SOLIDS .00 .00
% VOLATILE .00 .00
EXAMPLE PROBLEM TRAIN NO 1
PRIMARY CLARIFIER
CIRCULAR CLARIFIER
D SURFACE OVERFLOW RATE .100+04 GAL/DAY/SQFT
SURFACE AREA .100+05 SQ FT
I SIDE WATER DEPTH .100+02 FEET
DETENTION TIME .180+01 HOURS
SOLID LOADING .177+01 LB/SQFT/DAY
D WEIR LOADING .150+05 GAL/DAY/FT
WEIR LENGTH .667+03 FEET
VOLUME OF SLUDGE PRODUCED © .294+05 GAL/DAY
D SUSPENDED SOLIDS REMOVAL .580+02 PERCENT
D BOD REMOVAL .320+02 PERCENT
D COD REMOVAL ' .400+02 PERCENT
D TKN REMOVAL .500+01 PERCENT

D P04 REMOVAL .500+01 PERCENT

B e S T T e ™ e
W RN R W W W WA W W W



EXAMPLE PROBLEM

fE " TR 2NN, "R PR P DR S PR A P R P A N
W A A AW W W W

QUANTITIES FOR SEDIMENTATION
CIRCULAR CLARIFIER

PRIMARY CLARIFIER

EXCESS CAPACITY FACTOR
CALCULATED SURFACE AREA
ADJUSTED SURFACE AREA

AVERAGE DAILY WASTEWATER FLOW
NUMBER OF CIRCULAR CLARIFIERS
NUMBER OF BATTERIES

SURFACE AREA PER UNIT
DIAMETER OF UNIT

EARTHWORK REQUIRED

SIDEWATER DEPTH

THICKNESS OF THE SLAR

WALL THICKNESS

TOTAL WALL CONCRETE REQUIRED
TOTAL SLAB CONCRETE REQUIRED
MAINTENANCE MANPOWER REQUIRED
OPERATION MANPOWER REQUIRED
ELECTRICAL ENERGY REQUIRED

W OW W W W W
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TRAIN NO 1

.100+01
.100+05 SQ FT
.100+05 SQ FT
.100+02 MGD

2
1

.500+04 SQ FT
.800+02 FEET

.128+06 CU FT
.100+02 FEET

.104+02 INCHES
.120+02 INCHES
.600+04 CU FT
.101+05 CU FT
.564+03 MAN-HOURS/YR
.102+04 MAN-HOURS/YR
.101+05 KWHR/YR



LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L) (MG/L) (MG/L)
MAXIMUM 10.0000 SUSPENDED 89.33 BOD5  240.55 TKN 48.16
AVERAGE 10.0000 VOLATILE 59.80 % BOD5S  88.31 NH3 27.36
MINIMUM 10.0000 SETTLEABLE .00 CoD 485.57 NOoz2 .00

CODS  422.89 NO3 .00

TEMP 18.0 C OIL & GREASE .00 P04 17.96
PH 7.60 CATIONS 160.00
ANTONS 160.00

SLUDGE CHARACTERISTICS
PRIMARY SECONDARY

VOLUME (GAL/D) 29371.00 .00

% SOLIDS 4.00 .00

% VOLATILE 59.80 .00

EXAMPLE PROBLEM TRAIN NO

LS Y Y N SRS S SR A I R - R T2 YN YN VIR Fu DR FRRPCRN SR S
NN A N A AW R TR W R 'R W R W R W W W R R W

TRICKLING FILTRATION

D SOLID PRODUCTION RATE .650+00 LB/LB BODS
D HYDRAULIC LOADING RATE .750+00 GPM/SQ FT

D RASCHIG RINGS MEDIA (1-1/2 INCH)

-183 -

D SPECIFIC SURFACE AREA .300+02 SQ FT/CU FT
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REACTION RATE CONSTANT .205=02

RECIRCULATION RATIO .362+00

TOTAL HYDRAULIC LOADING RATE .102+01 GPM/SQ FT

DEPTH OF FILTER TOWER .238+02 FEET

NUMBER OF STAGES 2

SURFACE AREA OF FILTER .926+04 SQ FT

MEDIA VOLUME .440+06 bU FT

EXAMPLE PROBLEM TRAIN NO 1

QUANTITIES FOR TRICKLING FILTER

NUMBER OF TOWERS 4

VOLUME PER FILTER TOWER .116+06 CU FT
DIAMETER OF FILTER TOWER .786+02 FEET

TOTAL NUMBER OF POSTS 345

TOTAL LENGTH OF PRECAST BEAMS .105+05 FEET

TOTAL REINFORCED WALL CONCRETE .395+05 CU FT

TOTAL REINFORCED SLAB CONCRETE .130+05 CU ¥T

TOTAL EARTHWORK REQUIRED ' .247+06 CU FT
ELECTRICAL ENERGY REQUIRED .192+06 KWHR/YR
OPERATIONAL MANPOWER .520+03 MAN-HOURS/YR

MAINTENANCE MANPOWER 407403 MAN-HOURS/YR



EXAMPLE PROBLEM

Waonle ate U W W
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SECONDARY CLARIFIER

CIRCULAR CLARIFIER

SOLIDS LOADING RATE

D SURFACE OVERFLOW RATE
DETENTION TIME

D WEIR OVERFLOW RATE

D TANK SIDEWATER DEPTH
WEIR LENGTH
VOLUME OF WASTED SLUDGE

D UNDERFLOW CONCENTRATION
TOTAL SURFACE AREA

[ PN R PR PO TR . TS SR, MUt SU PR SR
AW W W W R AN W RN W

*
sk
b
b
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EXAMPLE PROBLEM

QUANTITIES FOR SEDIMENTATION
CIRCULAR CLARIFIER
SECONDARY CLARIFIER

EXCESS CAPACITY FACTOR
CALCULATED SURFACE AREA
ADJUSTED SURFACE AREA

AVERAGE DAILY WASTEWATER FLOW

o [ PR DO PR MR S PO R
FE I S NN

Al Wl Wa W L e WA UL b
N N W W W W W W W
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.107+02 LB/SQFT/DAY
.800+03 GAL/SQFT/DAY
.202+01 HOURS

.150+05 GAL/FT/DAY
.900+01 FEET
.908+03 FEET
.160+05 GAL/DAY
.300+01 PERCENT

.125+05 SQ FT

.
e

B T . S . S
w W W A N W N WNW

TRAIN NO 1

.100+01
.125+05 SQ FT
.125+05 8Q ¥T

.100+02 MGD



NUMBER OF CIRCULAR CLARIFIERS
NUMBER OF BATTERIES

SURFACE AREA PER UNIT
DIAMETER OF UNIT

EARTHWORK REQUIRED

SIDEWATER DEPTH

THICKNESS OF THE SLAB

WALL THICKNESS

TOTAL WALL CONCRETE REQUIRED
TOTAL SLAB CONCRETE REQUIRED
MAINTENANCE MANPOWER REQUIRED
OPERATION MANPOWER REQUIRED
ELECTRICAL ENERGY REQUIRED

~186=~

2

1

.625+04 SQ FT
.900+02 TEET

.166+06 CU FT
.900+01 FEET

.101+02 INCHES
.115+402 INCHES
.591404 CU FT
.123+05 CU FT
.646+03 MAN-HOURS/YR
.117+04 MAN-HOURS/YR
.105+05 KWHR/YR

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L)
MAXTMUM 10.0000 SUSPENDED 20.00
AVERAGE 10.0000 VOLATILE 80.00 %
MINIMUM 10.0000 SETTLEABLE .00
TEMP 18.0 C 0IL & GREASE .00
PH 7.60 CATIONS 160.00

ANIONS 160.00

(MG/L) (MG/L)
BOD5 10.00 TKN 23.60
BODSS 5.00 NH3 23.60
CoD 15.00 NO2 .00
CODS 7.50 NO3 10.11
PO4 8.80
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SLUDGE CHARACTERISTICS

PRIMARY SECONDARY
VOLUME (GAL/D) 29371.00 1600.00
% SOLIDS 4.00 3.00
% VOLATILE 59.80 80.00
EXAMPIE PROBLEM TRAIN NO 1
CHLORINATION
MAXTMUM FLOW .100+02 MGD
AVERAGE FLOW .100+02 MGD
D CONTACT TIME .300+02 MIN
TOTAL VOLUME .208+06 GAL
AVERAGE CHLORINE REQUIREMENT .834+03 LB/DAY
PEAK CHLORINE REQUIREMENT .834+03 LB/DAY
COLIFORM REDUCTION .996+02 PERCENT
EXAMPLE PROBLEM TRAIN NO 1
QUANTITIES FOR CHLORINATION
NUMBER OF CHLORINATORS AND EVAPORATORS 1

CHLORINATION BUILDING AREA .220+03 SQFT



NUMBER OF CHLORINE CYLINDERS

AREA OF CHLORINE STORAGE BUILDING
AVERAGE DAILY WASTEWATER FLOW MGD
VOLUME OF EARTHWORK REQUIRED
VOLUME OF R.C. FOR WALLS

VOLUME OF R.C. FOR SLAB

CHLORINE REQUIREMENT PER YEAR
OPERATIONAL LABOR

MAINTENANCE MANPOWER REQUIRED
ELECTRICAL ENERGY REQUIRED
CHLORINE REQUIREMENT

0 & M MATERIAL AND SUPPLY COSTS

13

.182+04 SQFT
.100+02 MGD
.144+05 CUFT
.565+04 CUFT
.307+04 CUFT
.152+03 TONS/YR

.131+06 KWH/YR
.834+03 LB/DAY
.313+01 PERCENT

LIQUID CHARACTERISTICS

FLOW  (MGD) SOLIDS (M6/L)
MAXIMUM 10.0000  SUSPENDED 20.00
AVERAGE 10.0000  VOLATILE 80.00 ¢
MINIMUM 10.0000  SETTLEABLE .00
TEMP  18.0 C  OIL & GREASE .00
P 7.60 CATIONS 160.00

ANTONS 160.00

(M6/1)
BODS  10.00
BOD5S  5.00
CoD 15.00
CoDs 7.50
P04 8.80

~188-

.145+04 MAN-HOURS/YR
.363+03 MAN-HOURS/YR

(MG/L)
TKN 23.60
NH3 23.60
No2 .00
NO3 10.11
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SLUDGE CHARACTERISTICS

PRIMARY SECONDARY
VOLUME (GAL/D) 29371.00 1600.00
% SOLIDS 4.00 3.00
% VOLATILE 59.80 80.00
EXAMPLE PROBLEM . TRAIN NO 1

D A I I R R L A K. T " TR PR SRS PR NN R I B B 2R T S TN U VUt NN SN N
ZA Y A R R AN £ I S DO S O N S N W N A W AW AR R AR W W W W

o

% SECONDARY SLUDGE LINE MIXED INTO PRIMARY SLUDGE LINE ###

INFLUENT

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L) (MG/L) (MG/L)
MAXIMUM 10.0000 SUSPENDED 20.00 BODS 10.00 TKN 23.60
AVERAGE 10.0000 VOLATILE 80.00 9% BODS5S 5.00 NH3 23.60
MINIMUM 10.0000 SETTLEABLE .00 coD 15.00 NO2 .00

CoDs 7.50 NO3 10.11
TEMP 18.0 C OIL & GREASE .00 P04 8.80
PH 7.60 CATIONS 160.00

ANTONS 160.00



SLUDGE CHARACTERISTICS

PRIMARY
VOLUME (GAL/D) 45371.00
% SOLIDS 3.65
% VOLATILE 65.66

EXAMPLE PROBLEM

g

*
>F

e ale e W al Ja W Wb L Wb L
A N v R W R WA R AR "W

b

ANAEROBIC DIGESTION

D PERCENT V. S. DESTROYED .500+02
D SOLIDS CONCENTRATION IN DIGESTER .500+01
D RAW SLUDGE TEMPERATURE .700+02
D DIGESTER TEMPERATURE .100+03
D AIR TEMPERATURE .400+02
DETENTION TIME .965+01
TOTAL VOLUME .113+06
GAS PRODUCED .297+04
HEAT REQUIREMENT .208+04
DIGESTER GAS REQUIREMENT .208+04
TOTAL NATURAL GAS REQUIRED .000
DIGESTER DEPTH .235+02

DIGESTER DIAMETER .450+02

R R R I R

R A

SECONDARY

.00
.00
.00
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TRAIN NO 1
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EXAMPLE PROBLEM

QUANTITIES FOR ANAEROBIC DIGESTION

DIAMETER OF TANK

NUMBER OF DIGESTERS PER BATTERY
NUMBER OF BATTERIES

VOLUME OF EARTHWORK

SIDEWATER DEPTH OF DIGESTER

WALL THICKNESS

REINFORCED WALL CONCRETE

SLAB THICKNESS

REINFORCED SLAB CONCRETE

SURFACE AND A/FLOOR OF 2-STORY CONTROL BLDG
PIPING SIZE

LENGTH OF TOTAL PIPING SYSTEM
NUMBER OF 90 DEGREE ELBOWS
NUMBER OF TEES

NUMBER OF PLUG VALVES

TOTAL DRY SOLIDS TREATED PER DAY
ELECTRICAL ENERGY REQUIRED
OPERATION MAN-HOUR REQUIREMENT
MAINTENANCE MAN-HOUR REQUIREMENT

~191-

TRAIN NO 1

.450+02 FEET

3
1

.121+06 CU FT
.235+02 FEET

.193+02 INCHES
.201+05 CU FT
.993+01 INCHES
.450+04 CU FT
.792+03 SQ FT
.600+01 INCHES
.728+03 FEET

39
77
56

.725+01 TONS/DAY
.152+06 KWHR/HR
.173+04 MAN-HOURS/YR
.144+04 MAN-HOURS/YR
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1LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L) (MG/L) (MG/L)
MAXIMUM 10.0000 SUSPENDED 20.00 BOD5 10.00 TKN 23.60
AVERAGE 10.0000 VOLATILE 80.00 % BGDSS 5.00 NH3 23.60
MINIMUM 10.0000 SETTLEABLE .00 CoD 15.00 NO2 .00

CoDs 7.50 NO3 10.11
TEMP 18.0 C OIL & GREASE .00 PO4 8.80 PH 7.60
CATIONS 160.00
ANTONS 160.00
SLUDGE CHARACTERISTICS
PRIMARY SECONDARY
VOLWME (GAL/D) 22231.14 .00
% SOLIDS 5.00 .00
% VOLATILE 48.88 .00

EXAMPLE PROBLEM TRAIN NO 1
SLUDGE DRYING BEDS

TOTAL SURFACE AREA REQUIRED .492+06 SQ FT D INITIAL
DEPTH OF SLUDGE .120+02 INCHES D FINAL PERCENT
SOLIDS .500+02

BED HOLDING TIME

.166+03 DAYS



EXAMPLE PROBLEM

S N P e s Jo o ot S o ! o . Wla Wl
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QUANTITIES FOR DRYING BED

TOTAL DRYING BED SURFACE AREA
NUMBER BEDS

SURFACE AREA OF EACH INDIVIDUAL BED
LENGTH OF EACH BED

VOLUME OF EARTHWORK REQUIRED

VOLUME CONCRETE FOR DIVIDING WALL

VOLUME OF R.C. IN-PLACE FOR TRUCK TRACKS

VOLUME OF SAND

VOLUME QF GRAVEL

CLAY PIPE DIAMETER

TOTAL LENGTH CLAY PIPE

SLUDGE SOLIDS PER DAY
OPERATION MANPOWER REQUIRED
MAINTENANCE MANPOWER REQUIRED

LIQUID CHARACTERISTICS

FLOW (MGD) SOLIDS (MG/L)

MAXIMUM 10.0000 SUSPENDED
AVERAGE 10.0000 VOLATILE
MINIMOM 10.0000 SETTLEABLE

~193-

TRAIN NO 1
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.492+06 SQ FT

165

.298+04 SQ FT
.149+03 FEET

242407 CU FT
.159+06 CU FT
.738+05 CU FT
.369+06 CU FT
.492+06 CU FT
.600+01 INCHES
.492+05 FEET

.464+01 TONS/DAY
.494+04 MAN-HOURS/YR
.247+04 MAN-HOURS/YR

(M6/L) (MG/L)
10.00  TKN 23.60

5.00  NH3 23.60
15.00  NO2 .00

7.50 NO3 10.11
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TEMP 18.0 C OIL & GREASE .00 P04 8.80
PH 7.60 CATIONS 160.00
ANIONS 160.00

SLUDGE CHARACTERISTICS

PRIMARY SECONDARY
VOLUME (GAL/D) 5884.71 .00
% SOLIDS 17.00 .00
% VOLATILE 48.88 .00
EXAMPLE PROBLEM TRAIN NO 1
SLUDGE HAULING AND LAND FILLING
VOLUME OF SLUDGE HAULED .291+02 CU YD/DAY
TRUCK CAPACITY .190+02 CU YD
D ROUND TRIP TIME TO DISPOSAL SITE .100+01 HRS
D TRUCK LOADING TIME . 750400 HRS
D HOURS OF OPERATION PER DAY .800+01 HRS
NUMBER OF TRUCKS REQUIRED 1
TONS OF SLUDGE HAULED PER DAY .258+02 TONS

D DISTANCE TO DISPOSAL SITE .100+02 MILES

3 oo Y o ! 3 . e o
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EXAMPLE PROBLEM
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QUANTITIES FOR SLUDGE HAULING AND LANDFILL

TOTAL SLUDGE VOLUME HAULED

MAXTMUM ANTICIPATED LANDFILL DOWNTIME
ANTICIPATED SLUDGE STORAGE HEIGHT
SLUDGE STORAGE SHED AREA

WIDTH OF SLUDGE STORAGE SHED SLAB
LENGTH OF SLUDGE STORAGE SHED SLAB
VOLUME OF EARTHWORK

VOLUME OF SLAB CONCRETE

SURFACE AREA OF CANOPY ROOF

DISTANCE TO DISPOSAL SITE

ROUND TRIP HAUL DISTANCE

TONS OF SLUDGE HAULED PER DAY
OPERATION MANPOWER REQUIRED

ROUND TRIPS PER DAY PER TRUCK
DISTANCE TRAVELED PER YEAR PER TRUCK
MAINTENAﬁCE AND MATERIAL SUPPLY COST

LIQUID CHARACTERIS

FLOW (MGD) SOLIDS (MG/L)
MAXIMUM 10.0000 SUSPENDED 20.00
AVERAGE 10.0000 VOLATILE 80.00 %

TRAIN NO 1
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.291+02 CUYD/DAY
.300+02 DAYS
.800+01 FEET
.295+04 SQ FT
.384+02 FEET
.768+02 FEET
.812+04 CU FT
.348+04 CU FT
.295+04 SQ FT
.100+02 MILES
.200+02 MILES
.258+02 TONS/DAY
.456+03 MAN-HOURS/YR
.200+01

.100+05 MILES/YR
.130+02 PERCENT

TICS

(MG/L) (MG/L)
BODS 10.00 TKN 23.60
BOD5S 5.00 NH3 23.60



MINIMOM 10.0000 SETTLEABLE

TEMP 18.0 C OIL & GREASE

PH 7.60 CATIONS
ANIONS

.00 CoD

CODs

.00 P0O4
160.00
160.00

SLUDGE CHARACTERISTICS

PRIMARY
VOLUME (GAL/D) .00
% SOLIDS .00
% VOLATILE .00
EXAMPLE PROBLEM
AVERAGE WASTEWATER FLOW 10.00 MGD
LIQUID PREL 0 PRIM 0 TRIC 0 CHLO O
SECONDARY A MI 0
PRIMARY ANAE 0 DRYI 0 HAUL 0
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15.00 NO2 .00

7.50 NO3 10.11

8.80

SECONDARY

.00
.00
.00

TRAIN NO 1
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NIT

PRELIMIN
PRIM CLA
T SEC CL
PUMPING

TRIC FIL
CHLORINA
ANAE DIG
DRY BEDS

HAUL & LF

TOTAL

CAPITAL
COST

159346
396444
441249
210658

1272057
175153

1061131

2230988
123617

6068348

DIRECT COSTS

PROFIT/QVERHEAD

TOTAL

AMMORT
CoST
$/1R

11018
25643
28686
18917
82699
25951
82314
246256
68529

590018

1335036 $

1335036 §

COST SLMBLARY

OPER
LABOR
cos?
$/YR’

13915
7645
8515
5137
3783

10519

12611

35960
3314

101203

MAINT
LABOR
COST
$/YR

5907
3486
3994
3686
2518
2247
7020
15278

64149

POWER
COST
$/1R

1859
403
419

36278

7678

5250

6083

37974

MATERIAL
CosT
$/TR

3983

4412
1472
3108
5477
8477
20078
14109

65063

TDTAi CONSTRUCTION COST

CHEMICAL
COST
$/1R

17783

76033848

-197-

TOTAL
0%X
CosT
$/YR

286158



INDIRECT COSTS

MISC NON CONST COSTS
ADMIN/LEGAL

201 PLANNING

A/E DESIGN FEE
INSPECTION
CONTINGENCIES
TECHNICAL COSTS

TOTAL

LAND COSTS
ADMINISTRATIVE COST
LABORATORY COST

CAPITAL COST
OPER/MAINT COST

EQUIVALENT ANNUAL COST

PRESENT WORTH

370169 §
148067
259118 §
447267 § (6.04 %)
148067 $
592270 §
148067 §

2113025 §

19992 §  (20. ACRES)
28414 $/YR
28649 $/YR

9536401 §
343240 §/YR
1202058 $/¥R

15495965 $§

=196~



APPENDIX B

UNIT PROCESSES INCLUDED IN CAPDET

Large Treatment

Treatment Process

Sludge Aerobic digestion
Anaerobic digestion
Centrifugation
Drying beds
Filter press
Fluidized bed incineration
Gravity thickening
Hauling and land filling
Multiple hearth incineration
Pressure filtration
Sludge flotation
Vacuum filtration

Wet oxidation

Liquid Aerated lagoon
Anion exchange

Attached growth denitrification

~139~



Liquid

Carbon absorption
Cation exchange

Chlorination

Large Facility

Treatment Process

Coagulation
Complete mix activated sludge
Contact stabilization

activated sludge
Counter current ammonia

stripping
Cross current ammonia stripping
Denitrification (suspended growth)
User specified process
Equalization
Extended aeration activated sludge
Filtration
Flotation
High rate activated sludge
Lagoon
Microscreening
Neutralization

Nitrification (suspended growth)



Liquid

Nitrification (rotating
biological contactor)

Nitrification (trickling filter)

Overland flow land treatment

Oxidation ditch

Plug flow activated sludge

Post aeration

Large Facility

Treatment Process

Preliminary treatment
Intermediate pumping

Pure oxygen activated sludge
Rapid infiltration land treatment
Raw sewage pumping

Rotating biological comtactor
Recarbonation

Slow filtration land treatment
Step aeration activated sludge
Trickling filtration

Two stage lime treatment

Large Facility

Treatment Process

-201-



Pseudo

Sludge

Liquid

Secondary and primary sludge
mixing, A

Secondary and primary sludge
mixing, B

Secondary and primary sludge
mixing, C

No process

Small Facility

Treatment Process

Drying beds

Sludge drying lagoons

Activated sludge (Package Plant)

Aerated lagoon

Bar screens

Chlorination

Coagulation

User specified process
Equalization

Filtration

Flotation

Intermittant sand filtration
Lagoons

Overland flow land treatment



Liquid

Pseudo

~203-

Oxidation ditch

Post aeration

Small Facility

Treatment Process

Primary clarification

Pumping

Rapid infiltration land treatment
Raw sewage pumping

Septic tanks

Slow infiltration land treatment

Trickling filtration

Secondary and primary sludge
mixing, A

Secondary and primary sludge
mixing, B

Secondary and primary sludge
mixing, C

No process



APPENDIX C

EXEC-OP EXAMPLE OUTPUT

~204-



TABLE 1

Noninterior Cost/Energy Systems for Hypothetical Design Problem®

Air Anaerobic . s _ 1 Sand . . System Net
System Flotation |Digestion 1 St,bP;W? i T?E{:{IY fcf?tf‘ Drying | Incineration | Landfilling ?gji‘gog°s§) Energy
Thickening | (15 days) abilization | lhickening [ Tugalion} g OO0 ) (kWh/1,000 w?)
No energy recovery
la MIX MIX MIX MIX 72.9 345
2a M1X MIX HiX Mmx 73.4 324
3a MIX MiX MIX 81.1 288
ba MIX MIX 83.2 273
S5a MIX MIX MIX 84.3 261
Recovery of methane
b MIX MiX MIX MIX 11.9 235
2b MIX MIX MIX MIX 72.1 213
3b WAS MIX M1X MIX MIX 72.9 194

APRE = primary sludgc; WAS = waste activated sluge; MIX = PRI + WAS.

NOTE.

activated sludge 111 (3000 mg/)l HMLVSS and 30% recycle), and chlorination.

All systems ulilize the same wastewater trealment train--pumping, preliminary treatwent, primary sedimentation 1T (60% solids removal),

=G0z~



TABLE 2

Least-Cost and Least-Energy Systems for Hypothetical Problem Without Sand Drying Beds¥®

Air Anaerobic Gravit Land Svstem Cost Systen
System Flotation Digestion Thicke 1¥n Centrifugation | Spreading | Landfilling (351/1 006 nd) Net Energy.
Thickening | 1 (15 days) ! ning 1 (16 km) ’ (kWh/ 1,000 w3)
No Energy Recovery
Least-cost MIX MIX HMIX 73.4 334
Least-energy MIX MIX 83.2 213
Recovery of
methane:

Least-cost MIX M1X MIX 72.1 224
Least-energy WAS MI1X MIX MIX MIX 78.2 202

“PRT = primary sludge; WAS = waste activated sludge; MIX = PRI + WAS.

=902~
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TABLE 3

Unit Process Cost and Erergy Consumption for Least-Cost
and Least-Energy Systems With No Energy Recovery

Process (/100 m3) | (% of Total) | (kWh/1,000 m3) | (% of Total)
Least-Cost System:
Pumping 8.5 11.6 37 10.8
Preliminary treatment 4.2 5.8 1 0.4
Primary sedimentation 7.1 9.8 2 0.7
Activated sludge 22.2 30.4 166 48.2
Chlorination 6.6 9.1 32 9.3
Anaerobic digestion 5.8 8.0 79 22.9
Gravity thickening 1.1 1.4 0.3 0.1
Sand drying beds 8.2 11.2 0.3 0.1
Incineration 9.2 12.7 26 7.6
Least-Energy System:

Pumping 8.5 10.0 37 14.0
Preliminary treatment 4.2 5.0 1 0.5
Primary sedimentation 7.1 8.5 2 0.9
Activated sludge 22.2 26.3 169 63.2
Chlorination 6.6 7.8 32 12.0
Lime stabilization 2.4 2.8 16 6.1
Sand drying beds 18.8 22.3 0.3 0.2
Truck transport

/landfilling 14.5 17.2 8 3.1




Liquid

Sludge

APPENDIX D

UNIT PROCESS INCLUDED IN EXEC-OP

Raw wastewater pumping
Preliminary treatment
Primary sedimentation
Aeration and final settler
(activated sludge)
Primary sedimentation
aeration, final settler
with waste activated
sludge returned to the
primary settler
Trickling filter
Rotating biological
contactor
Chlorination

Gravity thickening
Air flotation thickening
Anaerobic digestion
Nonoxidative heat
treatment
Elutriation
Sand drying beds
Vacuum filtration
Centrifugation
Lime stabilization
Multiple hearth
incineration
Truck transport/land
spreading
Truck transport/
landfilling
Sludge holding tanks

~208-



APPENDIX E

USAID/REID Example Output

Sample Computer Printout

PLEASE CHOOSE A 5YSTEM FOR DATA INPUT AS FOLLOWS:

ENTER 1 IF YOU WANT DATA INPUT IN BLOCKS OF QUESTIONS, IN ENGLISH
ONLY. PRESS RETURN.

ENTER 2 IF YOU WANT DATA INPUT BY SINGLE QUESTION, IN ENGLISH ONLY.
PRESS RETURN.

%72

PUNCH IN DESIGN DATA IN THE FOLLOWING FORMAT:

YEAR OF THE AVAILABLE POPULATION, POPULATION VALUE IN THAT YEAR,
POPULATION GROWTH RATE EXPRESSED AS A DECIMAL (1.8), BASE YEAR OF
DESIGN, PROJECTED TERMINAL YEAR OF DESIGN

21970,10181,1.7,1980,2000

PUNCH IN LOCATION DATA IN THE FOLLOWING FORMAT:

COMMUNITY, STATE OR PROVINCE, COUNTRY, PLANNING GROUP, ?SMALLVILLE,

KANSAS, USA, AVERAGE LEVEL OF EDUCATION OBTAINED BY INHABITANTS LIVING

IN THE COMMUNITY
-209-
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* Answer(s) that follows "?" are (is) input data.

Educ. High Technical

Level None Primary School Institute College
1 95% 4% 1% 0% 0%
2 70% 19% 7% 3% 1%
3 55% 22% 149% 6% 3%
4 9% 349% 439 8% 7%
73
AVERAGE DISTRIBUTION OF LABOR FORCE IN THE COMMUNITY
LEVEL UNSKILLED SEMISKILLED PROFESSIONAL
1 97% 2% 1%
2 80% 16% 4%
3 61% 27% 12%
4 45% 30% 25%
72

ANNUAL AVERAGE INCOME PER FAMILY IN APPROXIMATE U.S. DOLLAR EQUIVALENT

1 LESS THAN $100

2 5100 TO $500

3 $500 TO $1000

L $1000 TO $3000

5  GREATER THAN $3000

73
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AMONG THE HIGH SKILLED AND TECHNICAL WORKERS (ECONOMIST/ENGINEER/CHEMIST
ETC.) WHAT PERCENTAGE OF THESE IS NONLOCAL OR NON-NATIVE PEOPLE?

1 LESS THAN 10%
2 10% TO 25%

3 25% TO 50%

b S0% TO 7%

5 75% TO 100%

?3

ARE THERE ANY PRIMARY OR SECONDARY SCHOOLS OPERATED BY VOLUNTARY OR
MISSIONARY ORéANIZATIONS RATHER THAN THE GOVERNMENT ITSELF?

ENTER 1 IF YES

ENTER 2 IF NO

72

WHAT IS THE HIGHEST GRADE OFFERED BY LOCAL SCHOOLS ON A REGULAR BASIS?
(ENTER THE NUMBER. FOR 12+ ENTER 13.)

123456789 1011 12 12+

213
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IF THE NUMBER SELECTED ON QUESTION 6 IS LESS THAN 12 HOW FAR AWAY IS

THE NEAREST HIGH SCHOOL OFFEREING THE 12TH GRADE? ENTER THE NUMBER

1 IF LESS THAN 10 MILES (16 KILOMETERS)
2 IF 10 TO 3¢ MILES (16 TO 48 XM)

3 IF 30 TO 50 MILES (48 TO 80 KM)

4 IF GREATER THAN 50 MILES (80 KM)

70

ARE THERE ANY TECHNICAL OR VOCATIONAL SCHOOLS IN THE COMMUNITY?

ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

71

HAS THE COMMUNITY ACHIEVED COMPULSORY PRIMARY EDUCATION OF AT LEAST 6
YEARS?

ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

22

ARE THERE ANY FORMAL IN SERVICE TRAINING PROGRAMS BY EITHER THE
GOVERNMENT OR LOCAL INDUSTRY FOR THEIR EMPLOYEES?

ENTER 1 IF THE ANSWER IS YES

ENTER 2 IF THE ANSWER IS NO
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71

IS THERE A COLLEGE OR UNIVERSITY IN THE LOCAL COMMUNITY?
ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

71

DOES THE UNIVERSITY HAVE A CHEMISTRY DEPARTMENT OR LABORATORY?
ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

?/

IS UNEMPLOYMENT WIDESPREAD?
ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

?1

ARE ADVISORY SERVICES WIDELY AVAILABLE TO FARMERS FOR COMMUNITY
DEVELOPMENT OR FOR OTHER PROGRAMS DESIGNED TO UPGRADE THE SKILLS AND
ENLIST THE PARTICIATION OF THE INHABITANTS?

ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

72
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DO MOST COLLEGE OR UNIVERSITY STUDENTS OF THE COMMUNITY RECEIVE THEIR
EDUCATION IN NEIGHBORING COMMUNITIES OR NEIGHBORING COUNTRIES OR OTHER
FOREIGN COUNTRIES?

ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

71

THE LEVEL OF TECHNOLOGY AVAILABLE CAN GENERALLY BE CLASSIFIED AS

1 HAND TOOLS ONLY

2 MECHANICAL TOOLS

3 CHEMICAL PRODUCTS

4 ELECTRONIC TECHNOLOGY

72

DOES THE GOVERNMENT DOMINATE THE LABOR MARKET?
ENTER 1 IF THE ANSWER IS YES
ENTER 2 IF THE ANSWER IS NO

722

ARE PUBLIC EMPLOYMENT SERVICES READILY AVAILABLE?

ENTER 1 IF THE ANSWER IS YES

ENTER 2 IF THE ANSWER IS NO

21



~215~-

(COUNT EACH "NOT AVAILABLE" ANSWER LINE AS 1 AND EACH "AVAILABLE"
ANSWER LINE AS 0. ENTER THE SUM OF THIS COUNT.)

FOR OPERATION EQUIPMENT HOW MANY OF THE FOLLOWING ARE NOT AVAILABLE IN
THE COMMUNITY?

1 Meters; water, gas, thermostats

2 Sheet metal fabricatiom, etc.

3 Gauges; vacuum, flow, etc.
4 Laboratory equipment; test tubes
5 Portable power plants

6 Electric motors

7 Pumps, fans, etc.
72

(COUNT EACH "NOT AVAILABLE" ANSWER LINE AS 1 AND EACH "AVAILABLE"
ANSWER LINE AS 0. ENTER THE SUM OF THIS COUNT.)

FOR PROCESS MATERIALS HOW MANY OF THEM FOLLOWING ARE NOT GENERALLY
AVATLABLE IN THE LOCAL COMMUNITY?

1 Pipe (clay, asbestos, cement, etc.)
2 Pipe (cast iron, steel, copper)

3 Concrete, cement

4 Valves, pipe fittings

5 Tanks

6 Structural steel

7 Heat exchangers
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?3

(COUNT EACH "NOT AVAILABLE" ANSWER LINE AS 1 AND EACH “AVAILABLE"
ANSWER LINE AS 0. ENTER THE SUM OF THIS COUNT.)

FOR OPERATION AND MAINTENANCE SUPPLIES WHICH OF THE FOLLOWING ARE NOT
GENERALLY AVAILABLE IN THE LOCAL COMMUNITY?

1 Silica sand and gravel

2 Paint

3 Water sealing compound, epoxy
4 Petroleum

5 Electricity

71

(COUNT EACH "NOT AVAILABLE" ANSWER LINE AS 1 AND EACH "AVAILABLE"
ANSWER LINE AS 0. ENTER THE SUM OF THIS COUNT.)

FOR CHEMICAL SUPPLIES HOW MANY OF THE FOLLOWING ARE NOT GENERALLY
AVAILABLE IN THE LOCAL COMMUNITY?

1 Aluminum sulfate (AL2(S04)3);
ferric chloride (FECL3);

2 Soda ash (NA2C03);
activated charcoal;

lime (CAO)
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3 Chlorine (CL2);
ozone (03);
chlorindioxide;

bromine

4 HTH;

copper sulfate (CUS04)

22

IS GROUNDWATER AVAILABLE?

1 YES
2 NO
71

USING DATA INDICATED BY THE RAW WATER QUALITY SECTION OF YOUR
QUESTIONNATIRE ANSWER THE FOLLOWING QUESTION

ENTER THE NUMBER OF COLIFORM BACTERIA
(MPN/100 ML)

750

ENTER THE TURBIDITY (JACKSON TURBIDITY UNITS)

750
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ENTER THE HARDNESS (MG/L)

7100

ENTER THE TOTAL DISSOLVED SOLIDS (TDS)

21000

ENTER FE AND MN (MG/L)

?.5

THE PROGRAM WILL NOT PROCEED UNTIL YOU PUNCH IN A NUMBER FROM THE
KEYBOARD. PLEASE ENTER THE NUMBER WHICH INDICATES YOUR CHOICE.

0 INDICATES THAT YOU DO NOT WISH TO USE THE WATER TREATMENT SECTION OF
THE MODEL.

1 INDICATES THAT YOU DO WISH TO USE THE WATER TREATMENT SECTION OF THE
MODEL.

?1

ENTER THE NUMBER WHICH CORRESPONDS TO YOUR PREFERRENCE IN DISPLAYING
THE COST DATA

1 REPRESENTS NO COST ANALYSIS NEEDED

2 REPRESENTS RELATIVE COST RATIOS BASED ON U.S. DOLLARS IN 1978 PRICES
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3 REPRESENTS LOCAL COSTS WHICH YOU MUST SUPPLY TO THE COMPUTER AS
DATA. IF YOU CHOOSE 3 INSTRUCTIONS WILL BE DISPLAYED ON YOUR DATA
ENTRY.

El
72

WHAT DISCOUNT RATE AND TIME SPAN WOULD YOU LIKE TO USE IN THE PRESENT
VALUE CALCULATIONS? ENTER DATA IN THE FOLLOWING FORMAT

DISCOUNT RATE EXPRESSED AS A DECIMAL VALUE (ENTER .0725 FOR A DISCOUNT
RATE OF 7.25%.)

THE NUMBER OF YEARS TO BE USED FOR THE DISCOUNTING (20 FOR EXAMPIE)
ik NOTE Friy s

IF YOU DO NOT WISH TO DISCOUNT THE OPERATION AND MAINTENANCE COST THEN
ENTER THE NUMBER ZERO FOR THE DISCOUNT RATE. ENTER THE NUMBER OF YEARS
IN A NORMAL FASHION. A TYPICAL DATA ENTRY WOULD BE

.0725,20

?.0725.20
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THE LDC WATER AND SEWAGE TREATMENT PLANNING MODEL

FOR THE COMMUNITY SMALLVILLE
IN THE STATE OR PROVINCE OF KANSAS

IN THE COUNTRY OF USA

FOR THE PLANNING GROUP

BASEYEAR = 1980

ek ENTER THE NUMBER 5 WHEN YOU WISH TO CONTINUED ##%*

75

% SUITABLE WATER TREATMENT PRGCESSES FOR IMPLEMENTATION IN...1980...%%%

FEASIBLE INITIAL AVERAGE
PROCESS CONSTRUCTION MAINTENANCE
COMBINATIONS COST RATIO COST RATIO
W2 14.66 3.14
W5 17.66 7.13
%% ENTER 5 WHEN YOU WISH TO CONTINUE ***
75
FEASIZLE TOTAL MANPOWER " .
PROCESS COST RATIO REQUIRED SKILLED PROFESSIONAL
COMBINATIONS 20 YEAR UNSKILLED
W2 77.53 2 0 0
W5 160.23 3 1 0

THE LOWEST TOTAL COST RATIO IS W2 AT A 20 YEAR SUM OF 77.53
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wiiw ENTER 5 WHEN YOU WISH TO CONTINUE %

75

THE PROGRAM WILL NOT PROCEED UNTIL YOU PUNCH IN A NUMBER FROM THE
KEYBOARD. PLEASE ENTER THE NUMBER WHICH INDICATES YOUR CHOICE

0 INDICATES THAT YOU DO NOT WISH TO USE THE WASTE TREATMENT SECTION OF
THE MODEL.

1 INDICATES THAT YOU DO WISH TO USE THE WASTE TREATMENT SECTION OF THE
MODEL.

?71

DO YOU PREFER THE DILUTION RATIO TO BE BASED ON BOD OR COLIFORM?

ENTER 1 IF YOU PREFER THE BOD BASE
ENTER 2 IF YOU PRESER THE COLIFORM BASE

?1

INPUT THE DILUTION RATIO

215



Wit SUITABLE WASTE TREATMENT PROCESSES
FOR IMPLEMENTATION IN ...1980...%%%

FEASIBLE INITIAL AVERAGE
PROCESS CONSTRUCTION MATNTENANCE
COMBINATIONS COST RATIO COST RATIO
S3 2.07 3.75
S4 18.2 16.05
S9 28.72 12.7

S10 37.14 21.92
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OUTPUT FOR THE

SELECTION MODEL



APPENDIX F

UNIT PROCESSES FOR USAID/REID

Water Treatment Process/Code Identifiers

Code Process

PW 1 No Treatment

PW 2 Pre-Treatment

PW 3 Slow Sand Filtration

PW 4 Rapid Sand Filter-Conventional
PW 5 Rapid Sand Filter-Advanced
PW 6 Softening

PW 7 Disinfection

PW 8 Taste-0dor - Fe, Mn

PW 9 Desalting - Salt Water

PW 10 Desalting - Brackish Water
PW 11 Containment Filters

PW 12 Disinfection Filter

-223~
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Wastewater Treatment Process/Code Identifiers

Code

PS1
PS2
PS3
PS4
PS5
PS6
PS7
PS8
PS9

PS10
PS11
PS12
PS13
PS14

Process

Primary - Conventional

Primary Stabilization Pond

Sludge - Conventional

Sludge - Advanced

Sludge Combined - Imhoff

Secondary - Standard Filter

Secondary - High Rate Filter

Secondary - Activated Sludge

Secondary Extended Aeration
(Oxidation Pond)

Disinfection - Chlorine

Aqua-Culture

Dilution

Individual

Individual (Advanced)



TABLE 1

WATER TREATMENT

Acceptable Combinations of Treatment Processes, According to Raw Water
Quality or Degree of Dilution Available to Waste Flows

Criteria Levels
Raw Water Concentration
Code for
Process Process Combinations Coliform Solids
Combinations Bacteria
(MPN/100 ml) |} Turbidity Other
(JTu) (mg/1)

\ 2] PW1 1-2% 10

w2 PW3 200 100

W3 PW11 300 809

Wk PW1 + PW7 500 10

W5 PW2 + PW3 1,000 800

W6 PW2 + PW12 3,000 800

W7 PW3 + PW7 5,000 100

w8 PW2 + PW3 + PW7 10,000 1,000

w9 PW4 + PW7 10,000 100

W10 PW2 + OW4 + PW7 10,000 1,000

Wil PW5 + PW7 10,000 106G

W12 PW2 + PWS + PW7 10,000 1,000

W13 (any one of W1 to W12)+PW6 300 hard-

ness

Wlb (any one of Wl to W12)+PW8 1-3 Fe & Mn
W15 (any one of W1 to W12)+PW9 3,000 TDS*
W16 (any one of W1 to W12)+PW10 2,000 TDS*

*This represents standards for developed countries; different standards may be
more appropriate for developing countries, e.g., for Wl an alternate goal could
be 20 MPN/100ml for coliform bacteria and 30 JTU for turbidity.

-sT2-
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TABLE 2
SEWAGE TREATMENT

Acceptable Combinations of Treatment Processes, According to Raw Water
Quality or Degree of Dilution Available to Waste Flows

Code for Receiving Water Volume

P Process 7-Day Low Flow Level/Waste Volume

rOCess Combinations

Combinations . .
Based on BQD* Based on Coliform

S1 PS5 20 160
S2 PS1 + PS3 20 160
S3 PS2 10 16
S4 PSs9 3 16
S5 S2 + PS10 5 32
S6 S2 + PSé 6 32
S7 S2 + PS7 5 32
S8 S2 + PS8 4 32
S9 PS1 + PS12 0 0
S10 S4 + PS12 0 0
Si1 P52 + PS13 5 16
S12 S1 + PS11 20 2
S13 §2 + PS11 20 2
S14 §3 + PS11 10 2
S15 S4 + PS11 3 2
S16 S5 + PS11 5 2
S17 S6 + PS11 6 2
Si18 87 + Bg11 5 2
S19 S8 + PS11 4 2

*These represent standards for developed countries; different standards may
be more appropriate for developing countries.



APPENDIX G

UNIT PROCESSES INCLUDED IN WBANK

Ventilated improved pit latrine

Recd Odorless Earth Closet

Pour-flush toilet

Double-vault composting toilet

Aquaprivy -~ self-topping

- sullage

Septic tanks, single and multi-stage
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Vault toilet and cartage

Bucket laterine and cartage

Sewered - Both conventional and small bore septic tamk

- Pour-flush toilet

- Aquaprivy

Sewerage - waste stabilization ponds

- aerated lagoons

- oxidation ditches

~ rapid sand filtration

- slow sand filtration

- land application

- chlorination



APPENDIX H

SOLUTION ALGORITHM FOR THE WBANK MODEL

The WBANK model uses a three stage algorithm to select

sanitation technology as follows:

~229-



Start

Is the wastewater {low No

Go to second stage

Are there water No
tops the houses gicater than 50 titers
10 be served? per capita duily? “
Yus ‘ Yes
Ase there strong social
Yes 15 there a strong sacial | Yes

or environmental ressons

that preclude the use of
conventionas) suwage?

preference to reuse -
excietal

No

\

No

Are sewered pour-flush No
toilets affordabie?

I Yes

for sullage disposal

algorithim and make
suitable arrangements

Sewered
e pous-flush

s s0il sufficiently pser- No
mable for an site dis- N0 N . Are sewers
posid of seplic tank J \ atfordalle?
elthuenn?
Yes N
Are the plot sizes N Can water consumption
large envugh for u‘ be 1educed so thet on- Nu o
septic tanks and site disposal of seplic No
suukawiys? tank effluent 1s possible?
Yes Yus No
Are septic tanks with .
Yes Are septic tanks

WBANK solution algorithm, first stage.

soakaways per than
conventional sewerage?

atfordable?

toilets

Yes
3 Sewerage

Yes Septic tunks

and soskaways
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Start

Is there an gssumed use Yes  [ts reuse of iguid preferred Yo, Is suthicicnt walut Yes i Yus
tur cotnpont ws stalilized . Ase thiee stage septic Theeostage
. ye=fover use of ted - fon - tanks sftordalite? tG tank
shold o anks o UG tunks
humas by haschold o fencrera? flush tlet? |
thices?
No No No No
Can duubite-voult
. - Yeu . Yus Ase double vault Yues  Double-vault
15 sufticicnt ofgonic waste compusting toilets - :
. ) T o iy wilets —— COMpusing
mutetial or ash avaitable? e exprected to bue N
alturdahle? toiluts
well mamtamned?
No No No
Are ventilated unpraved Yes Venulated
1 doub!
— i
it latsine

duubite pin fatsues ottord

ablee

No

Go to third stage
algurttun

WBANK solution algorithn, sccond stage.
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Stant

Are plot sizes large ’ Is water table more Is sufficient water " . Are locat anal
Yes s water tab Yes : Yes ts soil sulficiently Yes cleansing materials | Yes Are pour-fiush Yes Pour-flush
envuyh for two =1 than 1 meter betow =] availuble for pour- oo Lle? -] suituble tor use =1 L oilets aff. dable?
X S ] neable? i . s o i
alteraating pit sites? ground surtace? flush toilets? permeatile 'l’:;'illl‘:l's’;’“' flush ordable toilets
No ' No Y No I No
No Yes 7
N Are Reed Odorluss : Yes
o Can lstrine level Earth Closets (ROECs) Ars ROECs Yes
- prefersed over ven- — 3 ROECs
be raised? tulated improved attordable?
pit latrines?
No N
l No ' No Are ventilated impraved | Yes Ventilated
— .
1 vt tatrines affordabte? = improved
pit fatrines
‘ No Communal
INO = sanitation
facilities
Is there suthcient space " Aae ventilated .
tor a permanent double- | Y¢® i «d doublu- Ventilated
e EHE Cotl proved doublu .
Pit system with @ mini- ) _ f— P! {1
it of 1 year storage pit tatrines :
per voult? attardatite? double-pit
latrines
No
/
s there enthier o
. . Yes .
municipal or pri- Ate vaull toilets
vate system for il witordable? Vaulis
emptying latrines?
No No Communal
I=— sanitation

WBANK solution algorvithm, third stage.

facilities

AN



APPENDIX I

EXEC~-OP MATHEMATICAL FORMULATION

EXEC-OP uses a branch and bound application from interger programming as

a solution algorithm.

Minimize

Subject to

J
>
j=1

1 j=1

1]

1]
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2..=21and z.. =0o0r 1 for i
1]

j

The mathematical formulation is:

N J
Z Z 255 G (%) by forK=1,..
J
:E: z,. £..(X.) for1=1,...,N
ij "ij+i

J
:z: Zi5 8 (Xi) for i =1,...,N

(1)

LK (2)

(3)

(4)

(5)
and (6)



)
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L
SR D (7)
i=1
N
X = + .
Xl Xo E Sl (8)
i=L+1
where
K = the total number of different design criteria that must be
satisfied.
bk = target values for the kth design cr1ter1a that must not be
exceeded.
Ci'k = The contribution that must not be exceeded choosing treatment
J process j at stage i, the C, 15K are positve and non-decreasing
with respect to the x. .
im
Ve = the value of the kth criteria.
Xo = influent waste stream.
J = total number of treatment processes.
N = total number of treatment stages.
L = 1 to Lth treatment stage belonging to liquid treatment train.
X, = the volumetric flow rate of the mth pollutant component to
im -
the ith stage.
Sim = the volumetric flow rate of the mth pollutant component in
the sidestream generated at stage i.
Xi = a vector of the m waste flows at stage 1i.
Si = a vector of the m sidestream waste flows at stage i.
z.. = a decision variable whose value is 1 if treatment process j
ij . .
is chosen at stage i and 0 otherwise.
fi' = a vector valued function describing the transformation of the
J influent waste stream (X.) to an effluent stream (X i+ 1)
when treatment process j~is chosen.
gij = a vector valued function describing the transformation of the

influent waste stream (X.) to a sidestream (S ) when treatment
process j is chosen.
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In describing the system Rossman says "Equations 1 and 2 repre-
sent the design criteria, Equations 3 and 4 express the stagewise trans-
formation of influent waste flows and the generation of sidestreams,
while Equations 5 and 6 ensure that only one process is chosen at each
stage. Equation 7 expresses the influent to the sludge treatment train
as the sum of the sludge sidestreams generated in the wastewater treat-
ment train.“Finally, Equation 8 closes the loop by adding the sludge
treatment sidestreams to the plant influem;."1 Rossman replaces Equation
8 by augmenting Equations 1 and 2 with a penalty added to the objective

function for generated sidestreams, i.e.,

Let
P, = the increase in criterion k per unit increase in component

m of the recycle stream.

then
N J N Jul
- 1
D DD DRI cH ) 2 Pkn Sin (1)
i=1 j=1 i=L+1 m=1

and

N M

N J
R D DD D SR 2= Pin Sin P 29
i=1 j=1

i=L+1 m=1

The branch and bound technique which provide the implicit enumeration

assumes that a feasible system design, say 2ij with criteria values Vk?

has been determined. Then if at stage q of an alternative process r is

proposed

1Rossman, "Synthesis of Waste Treatment": 151-152.
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where

q-1 J
v, For K=1
Z.. C..k +C K or
o ar bK for any K + r
=1

.

i=1 ]

the process r and all stages past q can be eliminated from consideration.



APPENDIX J

DEVIATION OF THE UNIT COMPUTER COST OF USAID/REID

Purchase of Equipment $4,000.
Operation and Maintenance 10% year 1

15% year 2

25% year 3

35% year 4

Discount Rate 12%
Present Value of the Discounted Cost = $6,437.80

Time Available for Use:

8 hours per day; 5 day week, 52 weeks year = 124,800 minutes/year

-237~
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Unit Cost:

$6.437.80

= $.0129 per minute

(4) (124,800)

Let USAID/REID take 2 hour computer time for analysis:

(120) ($.0129) = $1.55



APPENDIX X

WATER SUPPLY AND SANITATION TECHNOLOGY INCLUDED IN MAPMAT

Sanitation

Technology

Description

VIPL

VIDPL

Ventilated Improved Pit Latrine. The VIPL include a

slightly offset pit, a squatting plate or seat, an ex-
ternal vent pipe connected to pit, and a superstructure
that covers the pit. When the pit fills to a predetermined
level the structure is moved to a new pit and the old pit

is filled with soil.

Ventilated Improved Double Pit Latrine. Same as a VIPL

except that two pits are alternately used. When the

first pit is full the squatting plate/seat is moved to

~239-



ROEC

ST

DVCT

PFT
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the second pit and the first pit is filled with dirt.

When the second pit is full the first pit is emptied and
used again. In a VIDPL the size of the superstructure,
the amount of digging, and the number of seats reflect

the doubling effect over the VIPL.

Reed Odorless Earth Closet. A large pit is dug offset to

the superstructure. Excreta enters the pit through a
chute loading from the squat plate/seat. The pit is cov-
ered by a removable 1id for desludging and a vent pipe is

included for ventilation.

Septic Tank. One or two chambers are placed just before
ground level with a removal 1lid to allow periodic de-
sludging. Excreta and flush water enter from the toilet
and solids settle to the chamber bottom. Effluent is

disposed in drainfields and/or soakaways.

Double Vault Composting Toilet. Very similar to VIDPL

except that vaults are sealed units. Superstructure may
be movable so that as first vault reaches about 3/4 full
it is topped with soil and allowed to compost. Ash and
organic matter are added to encourage composting plus

absorb odors and moisture.

Pour Flush Toilet. PFT uses a water seal below a squat

plate or seat. The chamber may be directly under or off-



PFT.SEW. 5B

PFT.ST
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set from the superstructure. The chamber generally has
walls and removable cover of concrete or ferrocement,
while the bottom provides soakaway. Water or liquid
sullage is poured into the squat plate/seat to provide

the flushing action. Periodic desludging is necessary.

Pour Flush Toilet, Sewered, Small Bore. Identical to a

PFT except that the chamber is enclosed and has effluent
disposal in a small bore (75-200 millimeter diameter)
sewer, The system can alternately dispose of effluent
in a septic tank or soakaway trenches. Periodic desludg-

ing is required.

Pour Flush Toilet, Septic Tank. Identical to a PFT ex-

cept an enclosed chamber is used as a septic tank. The
chamber must be desludged periodically. Drainfields dis-
pose of the liquid effluent. Readily adaptable to a

severed system.

Aquaprivy. Squat plate/seat directly above an enclosed
chamber. The squat plate/seat incorporates a straight
drop pipe which provides a water seal. Water is added to
maintain the water seal. Generally, a superstructure in-
corporates a vent pipe in addition to coverage. The
chamber has a removable desludging access port and a

soakaway pit may be incorporated.



AP, SULLAGE

AP.SEV.SB

V&C

coMM

COMM.SEW
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Aquaprivy, Sullage. Identical to the AP except that

household sullage is used to maintain the water seal. A
sink is generally added to the outside of the toilet for

convenient sullage disposal.

Aquaprivy, Sewered, Small Bore. Identical to the AP ex-

cept that the chamber is connected to a small bore sewer.

Vault and Cartage. An enclosed chamber is placed below

or offset from a squat plate/seat. The chamber is emp-
tied regularly by a pump truck which discharges the con~
tents using land-treatment, marine discharge, or conven-

tional treatment such as waste stabilization ponds.

Communal Facilities. Includes any of the above techno-

logies which are appropriate to provide a large public
service. These large facilities may include shower,
laundry, and fresh water for communal use. Generally,
one toilet per 25 people is required to satisfy local
sanitation demand, while one shower and a washtub per 50
people will be required to adequately provide these

services.

Communal Facilities, Sewered. Identical to the COMM

facility except the selected technology is coanected to a

sewer.



AC

LAG.WSP

TC

HRTC

PC
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Aquaculture. A pond or lagoon where excreta is deposited

to be utilized as a food source for fish and/or plants.

Lagoons, Waste Stabilization Ponds. A single or series

of ponds used to remove organic matter by microbial ac-
tion include both algae and bacteria. These large shal-
low basins can provide both anaeorbic and aerobic condi-

tion for degradation.

Thermophilic Composting. Organic matter is mixed with

excreta for composting. The moisture content of the com-
post mixture must be below 60 percent. Aerobic condi-
tions are maintained in the pile by daily or weekly turn-
ing of the pile depending on the size of the compost heap.
Mechanical dewatering may be necessary for reaching a
moisture content below 60 percent. Finished compost must

be removed.

High Rate Thermophilic Composting. Identical to the TC

process except that perforated pipe connected to air
blower is buried in the pile. Air is drawn through the
pile to maintain highly aerobic conditions in the com-

post pile.

Primary, Conventional. Settling tank or sedimentation

basins which are used to remove suspended soilds and BOD



SDBED

SDLAG

ALAG.EXT

CHLOR

LT
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in a quiescent state. Fluid movements cause flocculation

during dentention in the unit.

Sludge Drying Beds. Beds are open beds of layered sand

and gravel over which a foot or more of sludge is spread
to dry. The dried sludge cake may be placed in landfills

or used as fertilizer.

Sludge Drying Lagoons. Shallow open lagoons are filled

with sludge to allow aerobic and anaerobic decomposition.
The dried sludge cake may undergo disposal much like

SDBED processes.

Aerated Lagoon, Extended. Very similar to LAG, WSP, ex-

cept that certain units are floated on the surface of the

basin to increase the aerobic conditions.

Chlorination. Chlorine is added to the effluent for a
sufficient period of time to destroy pathogenic bacteria

such as fecal coliforms.

Land Treatment. Effluent is deposited on grassland, (or
cultivated land) by irrigation, overland flow, or infil-
tration. The land acts as a biological filter prior to
the effluent reaching groundwater. If crops are involved
then the plants and associated ecosystems help to detox-

ify the effluent in concert with the LT.



RBC

AS

IMHOFF

TF.STD
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Rotating Biological Contactor. A series of mechanically

rotating discs are partially submerged in the wastewater
to provide biological decomposition. As the disc ro-
tates, the liquid is aerated and conditions are created
on the surface of the disc to encourage biological

degradation.

Activated Sludge. Excreta are subjected to conditions

which encourage the growth of microorganisms which decom-
pose the organic material. The conditions, or umit de-
sign criteria may include aerobic, anoerobic, or a mix of
the two in the unit reactor. In general, the containers
may be open rectangular chambers which have sufficient

flow and aeration to provide proper microbial activity.

Imhoff. Tank incorporates the actived sludge biological
process im a two-story tank with sedimentation occurring
in the top compartment and digestion in the bottom. Gas
from the sludge digestion can be collected for use or

disposed.

Trickling Filter, Standard. A large bed of gravel is

contained in an open unit where a slow turning rotor
sprays effluent cver the gravel. Microorganism attach to
the gravel and decompose the organic material as the

liquid passes over the stones. The filter may be very



TF.HR
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large, i.e., 200 feet in diameter and 20 feet deep.
Underdrains are provided to support the filter media and

collsct the effluent.

Trickling Filter, High Rate. Identical to the TF except

that effluent from the TF is recycled for additional
passes through the filter media. Substantial pumping may

be required if high recirculation is desired.



Water
Treatment

Technology
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Description

NT

PT

SSF

RSF

CHLOR

No Treatment. Existing ground water or catchment water
is provided with no treatment. Some minor structural

works and maintenance are required.

Pretreatment. Suspended matter and algae are removed us-

ing sand filters, thermocline control, and chemicals.

Slow Sand Filter. A large sand bed above a gravel base

is used to remove suspended and organic matter. Water
flows through the sand bed where microorganisms decompose
impurities. With use, the filter will clog and a layer
of top sand will be removed to return flow. Sand is

periodically replaced.

Rapid Sand Filter. Water passes through sand bed under

pressure. Several media such as gravel and anthracite
may be layered to improve filtering. As the flow lessens
the filter is backwashed to remove the microbes and

trapped material.

Identical to sanitation technology CHLOR except lower

dosage required in general.



T&0

DFILT

CFILT

DSALT1

DSALT2
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Taste and Odor. Aeration, zeolite, chlorine, and/or

absorbents are used to remove taste and odors present in

the water.

Disinflection Filter. A small water purification device

using a porous filter containing a bactericide to destroy

pathogenic organisms.

Containment Filter. Removal of suspended material using

locally available filter media such as coconut fiber,

charred rice husks, charred pine needles, etc.

Desalting, Saltwater. Reduction of salt concentration

from 35,000 Mg/l to less than 1,000 Mg/l using pressure,

evaporation, or freezing.

Desalting, Brackish Water. Reduce the salt content in

the range of 1,000 to 35,000 Mg/l below 1,000 Mg/l using

electrodialysis, reverse osmosis, and chemicals.
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Sources:

Metcalf and Eddy, Inc., Wastewater Engineering: 408-10, 446,

455, 533-535, 617, 628.

Reid, Arnold, and Streebin, Appropriate Technology: 141, 231.

Feachem, McGarry, and Mara, Water, Waste and Health: 276-277.
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APPENDIX L

SAMPLE OUTPUT FROM
MAPMAT -HELLO AND
MAPMAT «MAIN



WELCOME

10
MAPMAT

HODEL
ARD
PROGHAM
BY

CLYDE ARNOLD
MAPHMAT REPRESENTS A PLANNING MODEL
ENTITLED MICROCOMFUTER ASSISTED
PLANNING MODEL fOR THE SELECTION OFf
APPROFKIATE TECHNOLOUGY IN WATER
TREATMENT AND BANITATION.

AS YOU USE MAPMAT YOU WILL KESPOND 1O
QUESTIONS UNTIL MAPMAL IHAS SUFFICIERT
INVORMATION TO PEKRYORM THE INUICATED
ANALYS13. YOU WILL BE PROVIDED VWITH
SUFFICIENT INVORMATION TO USE MAPMAT IN
AN INFERACTIVE MOOE; HOWEVER, YOUR
ANALYS) S MAY BL INFROVED DY CONSULTING
THE MAPMAT INSTRUCTION MANUAL.

A QWUESTJON MAHRK FOLLOWED BY A HLINKING
BQUARE; 1.E., THE CURBOR, INDICATES
THAT HAPMAY 18 WAITING YOUR RESPONSE
TO A QUEBTION.

PRESS HETUKN WHEN YQU ARE READY TO
fROCELD 1O THE NEXT BTEP.
1!

THEKE ARE EIGHYT S8ECYIONS 10 THE MAFMAT
MODEL:

HA INmwm=m=)THE PHOGHAM VHICH YOU
ARE CURRENTLY USING.
AV21L . PROUCESS«)DETEKMINES AVAILABLE
WATER AND/OR SANITATION
TECHNOLOGY BASED ON DATA
WHICH YOU ENTER.

-T6¢~



CHET WAV IUeaae )HETATIVLE NMANK OF COBY

CONMUNICA lCmew) TLL OMMUNICATION LIMNR
10 CAVIEL nubte .

BENIICIVITY2auadUERBICIVETY ANALYRLIB ON
HAURAY GUIFUY

VP UIMELZAVIONHae ) IELECTK FHEATHENT THATINS
At SET THLAIRLHY GUALB.

EFFECFIVENESIBSIPEHCORN MULTI-OHIECTIVE
G COST1 DATA .

EFACIBFICHanua ) HULTIPLE HEGRESIIUN
AMIALYLEIS OH LATA UnicH
YOU EMFER

PHESS NEFURN TUO PHUCEEDS )
1
1 . . fmaus=)MAIN

{ecwa)AVAIL. YHUCESS

3. ... fmeea)CUET HATIO

. . dmeea ) CONMUNICATE
3. clmmeeBLKLBIYAVITY
6. . . l=maa)urfIHL2E

V... .leea=pLitlONIVERESS
. .. . feew=)RIAVIBIICS

CHIER TUE NUNLER OF 1HL PHUGRAM VHICH
YOUU WANT o uBéE 1f YOU NEEU TO
AEHEADL BHL PHEVIUUS LEBCHIFIIONS TYPL
HELP AMD rAE3ds RETUAN IF YUt AdE DONC
VS IHG HAINMAT IYFL END AND FHLSB KHETUHN.
LR}

ATA
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APPENDIX M

SAMPLE OUTPUT FROM
MAPMAT« AVAIL



L0 YOU WANYT THE PRINTER ON?

t-ce--YES
3 NO

EHTER 1THL NUMBER VHICH REPRESENTB YOUR
CHOICE, 1.6€., &, 3., EfC.

2

WELCOME 30 THE BECTION OF MAPMAT WHICH
DEFERMINES WHICH TREATMENS ‘TECHNULOGIES
AKE APPRUPRIATE AT A LOCAL SITE. IF
YOU ARE IN THE WRONG SECTION OF MAPMAT
THEN TYPE IN WRONG AND PREBS RETUKN.
YOU WILL GE RETUANED 'fU MAPMAT'S MAIN
HENUV. EF THIS I8 THE RICHY BECYION OF
HAPHAT, THEN TYPE IN RICHFf AND PRESS
RLTURN.

?RICHY
TILE PROGRAM MUST SET DEFAULT VALUES FOR

BEVERAL VARIAALES. MAPMAT WILL 8T BACK
IN A MOMENY.

. PLEABE WALITITY
IN THE TULLOWINGC ANALYSIS YUU WILL BE
ANSVERING 8 UUESTIUNS CONCERNING THE
DESICN BITE. ‘TNE ANSVERS 1O THESE
GQULSTIUONS MAY RESULT IN SOME OF THE
TECHNOLOCIES BEINC CONSIDERED
INAPPKOPRIATE 10 L.OCAL CONDITIONS BY
MAPHAT. YOU WILL HAVE A CHANCE TO
RLVISBE THE TECHNULOGY SELECTION DURING
‘fHE SENSITIVITY SECTION OF MAPMAT.

PRESS RETURN TO PROCECDII?
QUESTION 1:

VHAT 18 THE POPULATION DENBITY

Af THE LOCAL SITE IN PEOFLE PER
HECTARE? THERE AKE THREE POSSIGLE
ANSBWERS:

1-—~~~- POP. DENBITY (= 300
POP. DENSITY (= 40¢
FYOY. DLNSITY > 400

ENTER THE NUHBER WHICH AKPREBSENTS YOUR
CHOICE, 1.E., &, 2, KTC.

LR

QUESTION 2:

WHAT LEVEL OF WATER CAN BE EXPLECTCD AT
THE LOCAL SITE IN LITERS PER CAPI(A PER

A YA



UAY (LiCU) . TNERE AKE BIK FUOLBIBLE
ANSWEHSY

3- ¢ 43

T~ )-t.3 AND ¢ 4

3 r-4 AHD ¢ 3>
4 1-23 Al ¢ 73
b 2«73  AND ¢ 230
4 Y=238

ENGER BitL HUNMHEH VIIICH REFHESENTES YOUK
ClHoiCe., ¢t £, ¥, 2. EfC.
te

VU YOU EaPECT LUTAL WAILH LIBFOBAL IN
UL SANIFATION eCHUHOLUGY FO BE GHEATER
IMAN 30 LPCD? ENIEH ¥ FOU YEHS OUR N FOR
HO

Y

auisiiod 2

CAN THE LUCATION EIME OF UL SELECTLD
TLCHROLOGY 8¢ EXPLCIEL ‘[0 PHOVIODE SAFL
UVISPFOSAL OF BLUDGE ‘THAT HIGHT HE
GLHEHAYXO? THEHE ARE VU POHBISLE
ANBVLAKS

YEs
- Nu

1o

LESEM I3 HUMDER WISIILH KLFRLUBLNTS YOUN
cHvice. 1.k, 3, 2, KL,

11

autLseion §.

LULE INLE LULAL 3517t FHOVIDE A SEWUAGE
CUNNLCTION? THEARE ARC WO rossigLE
ANSVEHKS

le--o-- YES
1-meman NO

ENSLH THL NURMER VHICH AEPRLHLIY YOUR
ofce, 31.£ . 8, 2. £0C.

”
QULBI JOH 5.

DOES ThE LOULAL B811E FHOVIDE ALLAQUATE.
ANU BAFE, HULLAGE UISPOIAL AT THE
FRESLENT Tine?  “LILHE AHL TVL IOSAIELE
ANIWERS .

4o--=-- VeS8
| R

IMTEN THL NUMULK WHICH REFHEBLNT® YOUR
cuolce, 1ok, 3, 2, ETC.
L]

-66¢C-



UULEAT JON &

CEIIALN BANITATION TECHNULUGIES UBE THE
GHUUNUG Ad A BOUAKAVAY FUM LIJUUID
CFLLUENT . IN GLNLIIAL JIHE HEICHT OF 1ME
GHOUNUWA TER MAY PHUBENDT PHUNLCHS (F THE
SOASAVAY WILL LEALH 1830 THL LGCAL
CROUNDUATER 80311 CONDIFIONE WILL
GEUESHIINL IHE CHITICAL HEIGHY OF THE
GROUNDWATCEH FUR LOCAL CONDITIVONS DO
TOU EIFLLYT CROUNOWATEHR CONTARINATLON
TY ME A PHOLLEN? (HEAE AHRE WU POddiBLE
AHSVENY

te-mooo ¥EB
3-e-mm NU

ENTCH 18HL NUHBEN WHICH RLEHLALNIS YOUN
CHOCE, ¢ K., 1, 3. TVC.

mn

QUESIIUN 7

VIAY TYeet O UATEHR CUNNECTION LXISTS,
08 WILL EXIBT. AT THE LOCAL SITEt
THERE AHE FOUR 108SISLL ANBUENY:

be===-e NUNE

3o~mmon SIANDRIVE BN NEIGHMRGIOUD
E LT YARY CouncCriud

4-~-~+ - JIQUSL CONNRCIION

ERTEA THE NUMBEH WIIICH RIPRCBINTD YOUR
uoscE. 1., 1, 3. ETC.

L

QUES IUN 8 :

CEMIAIR SANITVAIIUN TECHHOLOGIES VILL
HOLC FOLERATE ANAL CLUANSING MANTERIALA
VIHEICH VILE HOUT EASILY DECOHMIONL OR
WHICH HIGHE CLOG (HE VIBCHARGE PIFK

(H CLNLMAL BUCH HATLHIAL A8 CCHLNT (OR
OFNER HEAVY) HBACKING., COHRMUOES .,
hUGRALLE, £1C , WILL IMPLUL THE PHOPER
UPCHACIUN UFY dEVERAL FCCuHOEOCIED Al
IBL LOCAL DESICH 817E WUULD YuU LEPECT
THE AHOVE HATCHIALS fU BE USED AS ANAL
L EAMYLHAY THENE ANE 1WO russiall
AHIWEHS .

ENSCH THE NUNGLIC WIlICH REFREBENTS YOUI
CHOgCE., 1. . 1, 2, EFC.
e

U0 YOUU LXILCT WATER TU 8L UBAL A8 AN

-9¢2-



ARAL CLEANSCHY FIEHE ANLE
TWUOU IrOSSIULE ANBWEHY.

1--
2

~e—- ¥L3
N0

EHILE THY NUNBER VIIICH HLEVHEBLNTE YUUN
CuoIce, ¢ &£., ¥, 2. ETC

n

UULsY 10N ¥,

AGHE COLLETIES Uit H0T FLLL AT EABE
VI A BANIFSATION TCCHNULUCY WIHICH
FLENIIY THE CHLSBENCE OF VISuLY
EXCAETA WOULD YOU BAY THAT THC LUCAL
FOFULAY MM VLULD HOL BE LIKELY 10 UBE
A TECHHOLUCY WIICH, A3 A NAFCER QF
UFERATION, EXPULED LXCKELA 10 VIEW?
THEAE ANE IVO PUHAIULE ANSWEHY.

t------ vES
Z-m---- NO

EHILR IME NUMBLH WIIC REFHEBLNIS YOUR
CHOICE, 1 £., 1, 2. EPC.

ta

UUESYIION 10

BLVIHAL TLCHUNOLOGIEL HAY FHUVIDE A COODL
SHLEVING BPOF Fud HOJIQUVEIFOES AHDZON
FLUIES UNLERLS AN (NHILIIOR 18 UMILEZLED
HY (IIE USEA ANUZOR Ve HATRNTENANCE
tEurLt it IHhILIon COULD ME LITHER
CHEMICAL Ot A MUIUMARICAL BEVICE OF
SEHPLEL DESIGH BUCH AY A COVER vouLo
YUU ExXvECTe T LUCAL UHENS, OH

HA BN ENANCL grubLE, KHLsla% INE UBL

UC AL LHHISEIURT NICAE ARE TUL ¥Y0O8818LE
ANSVEKS .

1- YES

3-- - NO

ENVER TNE NUBULH WIICH RErHEBLNTB YOUH
CHOICE, & . E., §, 1. €F0

"

auEsIILR 1.

HURUS PRUDUCED IN COMPOSTINL ACTIVITY
HAY BE USED AS AN OHGAMIC FENTILIZER 1IFf
THLRE IS MUY NESISBTENCE TO IKE USE OF
THC HUNUE Od IIE HANDLING OF THE NHUBUY.
VOULL YUU LXPECT WHE JOCAL POPULAY ION
O HEBIHT THE WAL OH NANDLING OF HUMUAS
TUERL AHL IVD FOESINEL ANSWLAH:

=-LST-



2------ NO

LHTEN THE MUMBER WHICH hEPHLBLENIN YOUR
cuolce, 1 x., 1, 2, KCC

Ly

GuLsYIuUN 12

CEHIALIN FECHNROLUGELS REUUILE UBLR
FAMIHING AT ONE OF Dl 1OLLOVING
LLVELS:

VEHY LOWeILABILC UBE THAINING HEQUIRED
LOV~)IVERY LuW « OIBHRUPC PREVENCATION
RMEGIUNM=) LUV ¢ USLZDEBLASE JNMANSHITTAL
HIGH=- ) HED LU ¢+ NAINTENANCE/OPEAATION

VIHICH OF 11IE FOUR LEVELS MEST DENCHIBLE
LUCAL FHAINING AVALLANILITY?

fevemwee VEHY LUV
1 —--- - LUW

- hLoniun
Amemae HIGH

ENTEH IME NUMBER WIIICE REFILAEMNTS YOUR
CHOICE, L.E , 1., 2, &IC

17

wuLsa o 1.

CRITICAL 10 tHL BUCCESSFUL OPLRAVION OF
HANY TECHRULOCIES 13 IHC LEVEL OF LOCAL
IHFAASIRUCIVRL, ) £ ,LGCAL NEIWUHK OF
SUPPURT FOR DEVELOPHENT wHiICH

Of 1L JOLLOVING THNLL LLVELS 8LT
DESCHIWES fHE LOCAL SIrEe

I~~~ LOWe)USLh (AN MATHIALIN
2--- HEOIUH=)IFANT-TIHE GROUP/PENSUN
REQULRED TO BMAINTALN
3--- HIGH«)IFULL TinL GAUUFIFERBON
REQUIKLD 10 HAITHIALIN

LHVER HE NUMHBEN WHICH ACPRESENTS YOUR
CROICE, 1.L , 1. 2, WIC.

e

QUEBT IUN 14 THHOUCH 17:

LAUUH I8 HENUIRLD FOH VUE CONETRUCCION
AS VELL A3 1L OFEHATION ANU
RATNSENANCE GF FHE FLCHMOLOGIES. [HERE
Akt FOUR TYrLs OF LABUK 1NCLUDE IN THIS
ANALYBIN.

UHAK T LLEVe cuaa=)
SEMIRILLEDwwa)
MILLEmacanua)
PHUFESBIONAL-~)

CONHON LABOHER
PLUHRERS JNLLFEN
EXPLHICHCLD PLUNUER
ENGIHEER

-86¢-



uuEsrion 1.

VAT (S TIHE AVALLAGILIAY OF UNBRILLED
CUNSITHUCTION LAJUR AT fHE LUCAL BTy

...... UVHAVASLABLLYE
-~-- AVALLAGLE

LHILls 1ML NUABLEKR WHICH REFALRNSLNIS YOUR
£ L, ¥, 3, EFC.

aues’s tUN 83,

VHAT 18 0L AVAILABILITY OF BLMINNEILLED
CONSIHUCCIOR LAUOH AT FHE LOCAL BITER

- - -v- UNRAVALLABLE
B------ AVAILAMIE

BHTEN THE HUnbik WHICK HEPNESLIHIS YULUR
cudice. 1 €., 3, 2. EVC.

UULAT SUN Ve

VHATY 18 THE AVAILABDILIGY OF SKILLED
CUNSFAVEFION LAJOR AT CHE LOCAL 8i1TER

B~ =ee= UNAVALILAMLE
1.e--o- AVAILABLE

WSEH 1ML NUMDER VRICKH REPRESENTS YOUK
CHOJCE, 1.& , t, 2, ErC.

iy

GULSTION 17:

VIEAY 18 THL AVAILALILITY OF
CUNSIRUCTION PHUFCIBIONALYE AT TiIle BITE?

Q- ---- = UIAVALILALLE
B-ce soe AVALLAHMLE

LHTEHR SHE HURBLH VHICH REPHESLNTS YUOUH
cioick, 1 .., 3, 1, £TC

[

VULEY TUN 18 INRGVCH 21

LAHOA 18 HEUULIRLD TUR (HE CUNBLRUCTION
AS VELL A% E ( HATION AND
HAINCLHANCE OF i€ TECNHOLOGIES.  THENE
AMIL FOUN TYEES OF LADUKR 1HCLUDE IN THis
ANALYSI Y,

UHGKELLEDaaeme) COHMUGH LoOUNLA
BENIdKILLEaen) PLURBIRY MELPER
SKiLtLEDwmanvea) LXFEUILHLED FLUMULA
PHRUGCHAIUONAL =) CHGINELR

auersi o 18

-65¢C-



VAT I8 THL AVAILABEL 1Y OF UNBRILLED
OPLAATION & MALMCENANCE LAHOH COCALLYY

8- —e—-a UNAVRAILAULL
Nemmman AVAILAULE

CHIER VHE NUMHELH WHICH REFHESENTS YOUR
cuoice, 1 €., b, 2. EfC

"

UUESIIUN 319

VILAY 18 THE AVAILALILIYY OF SEMISKILLLD
OPEHRAFION & MAINUENANCE LASON LOCALLY?

UNAVALLABLE
AVAILADLE

ENTIH THL HUNMBER VIIICH ALFHEBLNIS YDUK
CHOILE, § E.. 1, 2, ErC.

"

UULESTION 20

VIIAY 8 THL AVAILIABELIY OF SKXIRLLOD
OFEHACION & HMATHUENANCE LABOR LOCALLY?

@~~~ ~- UNAVAILABLL
leome o AVAILANLY

EHIEH il NUMBEK VILICH NLCPHC3LNIS YOUR
cHolcE, ¢ £ ., 1, 2. &fC

t

UUESTION %)

VAT 18 THE AVAIRLAULILITY OF Oalt
PRUFCSSIONAL LAUOH AT FHE LOCAL SITES

~ == UMAVALLAHLE
- AVAILAULE

EHTLH THE NUMBER WHICH REFHESENIS YOUR
CHotCcE, 1.£.. 3, 2, EIC.

71"

QUESTILI 22 THHUUGIE 34

CUREE TYPX3 OF EQUIFMENT HAY UL
BEGUIHED FOGH UPLKATIUN ANL HATHTENANCE

ACEIVITY.

CLLCTRICAL EQUUVIPHENT, £ C , A MOI0RA,
LAUOHA FONY YOUIPHLNT, £ G , A HALENCE
ELLCIhOMIC LaQuienE, £.C., A COMIUTER.
auvEsiton 21,

B0 YOUU EXIECY ELECTHICAL EQUIPNENT 10
BC AVAILABLE WIVHIN 24 HOUHB IN THE
DESICH AHELA?

-092-
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U YOU EXPFLCT FHROUCESH BUPFLILS 10
8K AVAILAMLE WIIMIN 24 HUUNHY 1IN TME
UESICH AHLA?

UNAVAILAGLE
~ AVAILAMLE

U= -

CHIER FRE HUNOER VUHICH HOPRESERTU YOUR
cuuickE, 3 E , 1. 2, EIC

[

UULST UM 27:

GO YOUU EXFCCY OFLRAD IO AND MATHIENARCL
BUPFLEES O BE AVASLAHMLE UINIIN 24
HOUMB SN TNML LCHIGH AKEAY

0-----+ UNAVALLAULE
t- . -- -« AVAILALLE

ENCER [HE NUMHER WHICH HEPRENENSS YOUR
tHoicE, t E.. 1. 2. ETC

T

utse s JoN 2.

UG YOU CEXPLCT LABORATOHY auPkLIES 10
BE AVALLASLE VITHIN 24 HOuUnd IN THE
ULBIGCN AREA?

-~ UNAVALLAJLE
-+ AVAILABLE

ENTER TIIE NUHWULR WHICH HEPREBENTS YOUR
aioice, 1 L. 2, KIC.

L]

GutaY fOoN 2% AND 30

VO FYPES Ud ENCHGY NMAY ML RLQUIKED
FOR OUEHALIUM AND MASHIENAHCE ACTEVITY:
CLELCTAICAL ENEHGY AND OFNENH EMNEAGY
BOUKRCES BUCKH AB OCILSEL, GASOLINL, ETC.
THERE AME sUUN LEVELS OF HUFELY
AVAILIBILITY: NOUNE, LUV, REOIUN, HIGH.
aucsrion 2y,

fO” LLECTRICAL EMLEHUY THL LEVELB AML
MEASURED IH FURPING CAPACICY OF GALLONS
CERl RINUTE (CPH) UN PER DAY (GPD):

0 ---NONE CHANGE: NONE U LIGUTS ONLY
b---LOW .WANGE: 700{=- LPFH
2---nEptun . 200¢ G¥H ¢ 10,000
3I---HiIGI. LRANGE . GFM ) 10,000 LR
GPL e 13 MILLIUN

VHICH LEVEL INLIC v Y TINE LOCAL SITE?
EHIEH FHE NUNHBRKR VIHICH REPREACHCIS YOUR
cHoscE, ) £, 1, 2, LiC.

12
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QULBTION 30

10H OTREH LHENGLY 2L LEVELS AHL
HMEABURLD A3 FMEUUENLY OF USE Fun
VECHICLEB UH fULL FOVLHEID NMUTORA:

HU O VERY LITKLE uSE

- LU .. WEERLY Ok INIHLUULNT USE
EDJUM  DASLY UBE OH FARLS-TING
3--~HICH. . . . HULL-TIME UdL

MUY GOULD YUU AATE FIK AVAILAMILLESY OF
TULEL FOH USE Al L LOCAL BITE?

EHTEA YHE NURGER VIICH ACPRESENTE YOUR
cHulce, 1.8 , 1, 2. EIC

L]

uvLsl UK 3}

LAND 18 A NECEBSAKY PA OF ANY WAIEH
SUFPLY OR BANICAFION TECHHOLUGY IMREC
LLVELS OF LANL AVALIAYILEL. ~AE JBED IN
THIY ANALYHLS.

1--80OWV. - - AVAILAULE ACHES (= .1
I--HEDIUR - - I ¢ AVALLABLE ALHES ¢ -3
3- -HIGH--- - AVAILAULE ACRES 2w o

OH A PTH CAFICA dASIS WIAT I3 THE LAND
AVAILABELITY A THE UESICH £NE?

ENEEN FHE HUNDER UNICH HEPHESENTS Youa
CHOICL, 1.L., 3., 2, ETC

L)

UGUELTIUN D32

UHGANIG CORMFUBTING MATEHIALY BUCH AS

STHAY, LLAVES, ETC . ARLC RLUGUIKED FUR
CEHUTAIH BANITADIGUN TECINOLOGELY . ()

YOU EXPECS AQEQUATY AFMIUNTHE OF FHRESBK

TYPL MATERIALE 'SU BE AVALILAULE AT TiC
BESIGN dLtfE?

UNAVAILADLE
AvVAarLAauLe

LHEIEN THE NUMBLH VHICH HEFRLBENTS YUUR
cHosce, 1 £, 1., 2, EFC.

(2]

UURLET IONS 3 AINOUGH 33

CEHTAIN FECHNOLOGILES HAY ME MAZAHDOUS
G LVCAL MEALTIR 1E FAMYICULAR

CONBI CluNs ARYE MaT IN CENCRAL THE
CONDITITONE RLLADME THE BYrREAD OF A
QISEASE O FAVUHAULL CONDIVTUNSY
PHUDUCED LY A TECHHNLLOCY WULRE ARE

-£92~-
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EHILK T NURBLR VHICH NEPREBENIS YOUR
CHOICE. . E., 1, 2, &1
L3

auEatioN 37:

AL BANITATION TLCHHULOGIES WHICH USE
CUMPOSTING OH LAND THEATHENS

HAY CONTHRLHWEE TO QISLAEE 1€ UK
RESIDUAL 18 USCO 1M AGRICULCURAL
aACHivITILE TIE DIGEASLS WOULD AMESE
FHOM HEAVY REVALY WEIHG FdANBHI FTEQ TO
HUMALL QL OH HUKAN CUNTACT . Wuuto You
EXPCCT HEAVY HESALS fU PREBENT A
FRUBI.IF 1IN ML LOLAL ANEAT?

1-mee- YEB
T (1]

ENIEI THE HUNUEH WHICH MEPHESLHIB YOUR
CHULLE, L & ., ¢, 2. E¥C

n

PAPHAY 1IAS DLIERMINLD THAY THE
COLLOVING YECHNOLOGIES AHE AVAILASLE:

BANETAD 10H

8
eEe 8¢
AP BULLAGY

FREUY REIUMM U ¢AVCELD 1)
NATLEH
EEY ]
vreLs
cracy

FALUS RETUHH 0 palCEEDY WY

WOULD YOU LIKE G SLE WHICH QUuLBlIONE
AFFECTILD I'RE AVARLAQILEICY OF THE
ILEANGLOCILS Y

1---YES
1---10

Ol THL NUHUER WHICH HEPHEALNIS YOUR
caugce, £, 1, 2. £VC.

"
[ERYENANNRY]
11343478701234347690
oviet
avioet x
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LIRE T0 SEL THE ANSVLRS YOU
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FHESE AECURN O PROCCCV) HI

BAFNAT AL
AVAILAGSEILY

JULT LIURED YOUH TECHHULUGY
£Y DALA tH A TERPUHARY FILE.
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VOULD YOU LInE 20 8I0KE 1tk UATTA PERHENANYLY?

yes
-NG

SHIEH THL NUMBLK WVHICH RLEMESENYS YOUN
Cuolce, 1.8, 1, 2., LIC

11

IHIB BECIIUN 13 CunrLETL Yuu wiLL oF
RECUANED U THE RAIR MENU.

PRLEB REJURN 10 pUUCEELI N

TUCRE ANE EIGHE BECTIUNS TU THE MAPHAT
ROLEL :

HA INwaecmea ) CItE FAUGKAN WHICH YOU
ARL CUHHENCLY USING
AVAIL rHUCLEH@)IDUIEHMINLS AVAILAULE
WVAFER ANUIOH BARITATION
ICHIULOGY BASLYD UN DATA
WHICH YUU ENTER
CULY AT IVawna) HELAVIVE RAUK OF COB1 .
COMMUNICA MEmnc) FELECOMMUNICAFION LINX
10 CAYUET HULLL .
IBERBICIVITY ANALYAIS ON
BAPHAT OQUIPUY
OPFINIZATIONC=) SELECT FREATHENS FRAINS
AML 3L IRLATHEN] GOALS.
ECFECTIVENLSS ) PEHFUNR NULTI -0BJeCFIVE
Ut CUEY DATA
HSUATISOICBmeca)MUL VIPLE HEGHLBMIUN
AHALYSIB ON DATA WHICH
YOU ENTER.

BURIIFIVIIYS

PHESIB KETURH §0 PHOCECOI e
L]

INAIN

P ]

~s)AVAIL FROCKSBSB

a. . lama=)lUB1 HAWIO

1 . leaem}CUMHUNICATE

L loeman)ELNBINIVEITY
... . faeea)OPTINILE

... te JLULLCY IVEREYS

B .. lecs=dUTATIVICE

MNIEH THEC NUMLLH OF THL FROGHA WItICH
YOU WARYD yO UALE 1 Yuu HECH O

~-692-
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APPENDIX N

SAMPLE OUTPUT FROM
MAPMAT « OPTIMIZE



VLLLUNME TO 1IE OrtINITATION BLCYION OF
HAPHAT FHE PUHFONE OF THIY SLCTION 18
T LONSTHUCT THEATHERD TRAINS. U)aCUVEH
LF FHE THOATHENT TRALHY WVILL HEET FHE
THLATHMLNS GUALYS WVIIICIL YOU 4PECLIEY, AHD
LINK TQ FHE CO3¢ C3FIHATION 3ECTION,
TME CUS CrrECTIVINLSS SEC1ION, AND

CHE BENIITIVITY Brolfton IF YOU ARE IN
TUE UKONG SECTION OF MAPHAT TUHECN TYIE
WHUNRG ANO PHEBS HETURN IF THIB (8 THE
RLGHYT AECTION HHEN AYEE RIGUT AND PRESS
HE FUHN

tRfLHT

BAFAAS DIFERS TUKER UFPTIUNS FOKR
CONSIRUCFING FREASYHENT THAINE .

1 -«DATA STUNEY TEHFOKAKILY uY
YUUR U3 CF MAPHATS
- --UATA URICH YOU HAD HAPHAT BTURE
FURAENTANILY HBY A FILENANE
A---0ATA WHICH YUU EH1ER AT IHIS 1IHE

ENFEH (HE NUHHLH JIIICH AEPAESCHI3 YOUR
cHolcE; 1 £, 1., !, KTC

13

BAPHAT WILL UE HIGHYT UACK

PLE. 3E WAL
AVAILAULE TLCHHULIGIES AWE.
1 ar
L] #FY 8
(3 AP BULLAGE

12 Hbt
34 urlLr
¥ chny

SHIEH THE HUNMBER UOF YOUH Y ECHNOLUGY
cyolcx & JHDICATEY PHIVUR BELECTIUNS.
e

L] 3T

L] Per BY

10 AP BULLAGE

a2 Sar
LY [ REN]
3?7 CFILY

AHOTHER CllolCcE} ENIER EVIHER NO OR 10E
HNUNMSLH OF YOUR CIIOICE AND PHESB RETURN.
(X}

1 83

[ ] “PEL 8T

10 Al SULLAGE

R L3 83f

36 LYILT

-Tiz-



37 Cfrer

AROLTINLH ChutCle BUICH CL1IHER NO OB THE
HUHULR OF YUUH CilDICT ARD PRESS HETURN.
fie

1 e870

- sPre.ur

10 AP . BULLALL

32 Buf

AHUYHLAR CHOICE? ENTER LITHLR NO Ok IME
HUMHBLR OFf YUUR CHOICE AHD PHABS REFTURAN.
tHO

AN YL TULLOWING BECT IUN MAVHAT WILL
ASII3F YOU IN £37AULTSHING THEA FHERT
SCHEMLY J0 ¥E USED IN THL OPTINIZATION
ANALYS (S FUR THE FECHNOLUGILY WilICH
AL AVAILAGLL YUU NUBT SLLLCY AF LEABT
UHE PHULESHE FUH cAUMN BFAGE THAY YOU use
IR THE THEATHLNT SCHLRE YUY MAY
SELECT UP wu ¥y BEAGES AHD y¥Y
THLATHENRT SCUHUMLS . TECNHOLOGIES CAN Bl
CIO3EN O BLCOML OFEHALIVE ALL AT TiE
ELAME TIME Ok A7 BUHL BUTUHE INC.
FYPICALLY A (HEAFHENT BCHENL WILL
IHCLUDE SEVEHAL 8lAGLE, ] £ , A THHEL
BFAGE (HEATMUENT SCULHME COULD CONPAIBE:

. .

QEeEY HaW BHa)

ssecsarvasnae
a

- .
L LAG vBlPe)*

masasnansana

PHESS HETURN TO PROCECOI 1)

LG YOU UANT 90 SLT THEATHENT GUALS?
CHTEM ¥ FUR YeB3 UR N FUH NO

ny

EHII N HOU TREATHLHT GUAL-SANITATIUN
TACACHENS ONLY.

(Y]

LRTLU ELCAL LOLLEYORE IREAIMLHT GOAL-
WArER [AEAMHENT UNLY

"

LNIER O LUAD FUll WABYTE THEATHLNT IN
He/L

r1 00

A



ENIEH ELULAL COLIFUUN LOUAD TUR WATER
FHEATHENT JH HMpN7iIOONL

nz

HOUY NANY LIALLEY AL INLLULED IN
IRCAVAENT BCHEME 1P (HAZIMUN =« v9)
12}

AVAILABLL TECHHRULLLEILS AkL:

. LY

L] rey 87

40 AP BULLAGE

WHICH TECHNOLOGY 13 YUUR CHUILE YOR
BUrAGE 1t

"

A1 WIAT YLAHM WILL &1 ME

AVALILAMLE? (tCURHLNT«3  TIAX Y ¥

"

AELOULMEH THEABHMLNHY SCHENL (ENYEN ¥ FOK
¥e3d O H rusd N AND PACS3 REFURN

134

HOV MANY B1AGES AHE INCLULLD IN
THEATHENT 3CHERE 27 (MAXINUN = 99)
L3

AVATLAGLL TECHHOLUGIES AKL.

4 8f

. rey 571

10 A¢ SULLAGE

VI ICIE TECHNULOLY )8 YOUN ClHulCE FOk
Brace

te

AT VMAT YLAK WILL EET BT WL
AVAILABLEY (fCURHENRT =1 ,HAXa?Y)

L2

AMOVHEN THLATHLNG ZSCHLME (LNIEW ¥ VOH
¥eb Ol N FOR NJO AND PRUEZE ML CUnH.
"

HOW HANY 87AGES AKE JLHCLULLD IN
THEATHLENS SCIHEHE 37 (HASINUN ~ P9}
"

AVAILAULL TLLUNOLUGIES ARL:

4 £r

L eET 8%

1¢ AP SuLLAGE

wifiCH JLCHNOLOCY 18 YUUH CHOICE FOR
srace 1!

LFY]

AT MHAT YLAR WiILL AF BULLAGE BE
AVAILAULE? (CUNRCHT -t . HAX YY)

(XY

AHOTNLHE SHLABTHLNY SCHLME (KMILR ¥ FUR
Ye3d O’ N FO8 NO AND PRESE HETURN.
"

HUVW HANY BTAGLS ANE I1HCLULLLU N
FHEATHENT BCHEBE 97 {HAXIHUN « ?v?9)

"
AVAILALLLE TEULHHOLOGILE AhL:
4 £l

-€LT-
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APPENDIX O

SAMPLE COMPUTER OUTPUT FOR
MAPMAT - COST+RATIO



DO YOU WANY THE FRINTLH ONP

ANTER J1IE NUMMER WIHICH ACFRESENIR YOUR
cuoice, L.E., 1, 2, €rC

LR}
WELCORE 10 10 L COBT HATIO BECTION OF
HACHAT CIle FURPLOIC OF THIY deCfiQn 18

1L COMSTRUCT HELATIVE COST1 AATIOB FUK
FHEAVHENS fHAIN3 vAEVIOUALY CONSTRUCTED
BY UHING MAPHAL . IF YOU AHE IN

FIRE WAUNG BLCTI10N OF HAVMAT THEN TYPE
VKONG AND FRLES HEJULN. IF VHIS 18 TuE
REGHE BECTIUN FUEN CYPE NIGHE AND PALSS
kETUKN

(R E21Y)

WIHAT 16 TiE DESIGN LEVLL OF POLULATION
ALl FTHE LocAL 8I7er

[ETREE}

VHAT 185 IHY LEPLCIEDL PUFULATION GROVTH
RATE CXPHESSED AS AN INCCAGER)  FOR
EXANPLE EHICHK 3 FUR A “LHHEL PERCENY
AATE AND PHEST REIUHN.

"’

VHAT I8 L FEWIOD O) DESICN TO BDE UEED
IN FHE ANALYSIA? (RMAKINUNSI00)

123

VAT 18 INE OFFUKSUNITY COBYT Of CAFITAL
QK O1dCUUNE HATE 10 dE U3EU LN fue
AHALYSIH?  ENILK AN INTEHGEIL BUCH AS 0
FUK A SEN PCHCENS COSE OF CAPITAL.

ria

A CKETICAL CHITEHIA IN LVALUAYING THE
CO3F OF FECUNNIOGY 13 IHE LLVEL OF
SUPPORT AVAILAHMLE UVUHING THE UBL OF THE
TeCHHULUGY | il GEHEHAL A CuOD MEASURK
OF IMIS BUFPONT 1S THE EX18TING LEVEL
OF (HE IHFAASFHUCTUNE MAFMAT INCLUDES
10UN LLVELY OF INIHABIRULTURE wHICH
INFRABFHUCTURE LEVEL 13 CLOMEBE (O TME
UELIGH ATl

1-=THL JHIHASTIUCTIURE 18 UEPLNDENT ON
IHPORTED ENPLUYMUNS, AGRICULTURALLY
OKLNIED Wil A VIHY BHALL OR NUH-
CESATANS LOCAL MAHRET ECONOGHY, §FEV
HIGH SCIUOL Ol COLLECE GRALUATLS
ARE AVALILAULYE (O MLLP? LOUALLY
UNLLHHB #HUNh A VULUNTELR TYPL
UnGAMS ZACION . ALHUBT 190 PUdCENT

9L~



Of LOCAL ENLUYHENT 18 AGRICULIURL
A HURAL VILLAGE I8 AN EXARFLE.

PNESS NEIUHN 10 pHOCLELEIIL

2--THE (MFRABIHUCTUHE |3 DCPENDENT
ON IHE IRFUHT LD CHFLOYHENT OT
BUIEWTIFIC) FetiNICAL FLOCLE BUT
FROLUCES MANAGCEHS, OFEHATOHY, LOVW
LEVEL FLACHLEB. £1rC FO SUPPORT A
1OV 0 HENTUR B1ZE BANKEY £CUNOHY .
AVPROXIMATELY SO0 PuRCLNT OF THE
LOCAL POFULAYIUN ODEKIVLE A
LEIVELNIOD ¢FUH AGHICULTURE ‘tHE
SLCONIANY AND PHINAAY ECHOOLS AHE
DEVELOPLD BUF VHE GUALLFY OF
IHMUTHUCT IUN MAY BE VIhY VAATABLL.

PHESS RLFUHN 70 FROCEZUN Y
-~ .. . L LONWVINUED .

AH EXAHFLE 14 A RURAL TOWN OR
SHALL CITY

PAEMY RETUMN 1O FROCEED) NI

3~ -THE INVHASTHULTURE HAS AVAILAHBLL
BCICNSIDrS, EHGIHNEERHS, AND OFHRER
PROSFUSBIGHALS BUT IRPORTYS ALMOBY
ALL HESUCAHCN PROCEBHIUNALS. FPRIHAAY
AHIr LECONLAKY SCHUDL 8YSIEN3 ARC
WILL DEVELOPEDY WITH UGENERALLY COQD
TEACHLRY A 1LUCAL COLLEGL NMAY BE
AVALLAULE LESB fUAN 13 PEHCENT OF
THL PUFULAYILION PRIMARILY DEPLNDS ON
AGRICULFURE HLEATED ENFLHPRISE.

PRESYH KEIUKMN TO plOCLCBIIY
E TEE CONSINUZY .

AN LXAMULE (B A LAUGE BULY JBOULATED
CIrY. POSBIHLY A HECIUONAL CENTER
U COMHENRCEL .

FRLUE HECURN (0 PHROCCLOI S

4- -IHE 1M1 RASTHULTURE CLOSLLY
HESEMHBLES A LANGE CIFY IN A
ODEVILUFLD CUOUNIRY BIGHIFICANT
PORTLONS OF FHE FOPULATION ¢ INTSK
PRINARY AHD LECOUHLARY SCHOOL .
RESEAHCH FHOCEASIUNALS AHE HEADILY
AVAILAMLE AND HICH TECHNUOLOGY 18
ALHU AVALTLABLY AN ERAMPLE 13 THE
NRATIONAL CAFItAL UF A DLVLLUOFING
COUNCRY .

FRESH KETUHRN T PRHLCLEDIY
E--HUHAL VILLAGS LLVEL
- - kUKAL TOVN Oh SMALL CI13Y LEVEL.

~LLT~



3--LAHGE BUT 130LATED CITY LEVEL.
- -NATIONAL CAIIIAL LEVEL.

1Y YOU HECD O HEVIEW THC DEFINAFIONS
FOR JHLBL LEVELS LINER MLIP GIBLAVIEE
EHFER THE MUMBLA WBICH HEFARBENTA YOUus
CMceE., 1 € . 1, 2. LIC

12

HAFHAT OFLLRB TWO OPTEGHS TOR

CONSTHRUC CING NCLATIVE CUNT XACIOA:

1= =-THEATHLNY THATN UATA S10HED
VEMPUHARILY MY YOUH VHE OF
RAERAY .

B---TREATHLNT TRAIN UATA WNHICH YOU
YOU BAD HMAPHAT Brost
PLUNLHTANILY HY A FILE HAHE.

ENFER IHE NUMHEH WHICH HEPREBENS3 YOUR
coice, i1.x . 1, 2, LIC

11

HAPHBAT WILL LE HIGHY UACK

PLEABE VAIFI LI
FREAGHIENS IMALIN &

s -]
1 Yy OPLHAYION
A £l AT
< AL CAPIIAL HALHFENANCE
£ TECHHULUGLY HT cCuar cusr
LYy ' 33 1.41722330

TUTAL PALCSENT VALIIL CUSY HATI0. 2

PALCHY HETUHN [0 PduccEDs )
IMEATINLN TAAIMN 2

a L)

1 Yu UrLRAYSUN
A . Kl Anp

G AL CAVETAL HA 101 EHNANCE
£ fECHNGLUGY MY Coar coar

t PEC B¢ ' 24

TOIAL FhESCNI VALUL CUBT HNAY IO D

PHESS HETURN FO PRuUCLLD! I
THEATHENT AHALIN D

-3 L]
T Yy OPEMATION
A 1 AMD

~8LT~



< AL CAYMIAL HAINTENANLE
£ TECHNOULOGY AT Cusy €osr

] AP JULLAGE 2 07 2 13832032
TUTAL PHLBENY VALUL COB8Y RAN10- 7

PHES3 HECUHH su PHUCEZDHIL
THEALTHLHY THAIN 4

£ a

1 v QPERNTION

A ci AN

& AL CAVIBAL HAITNTI LNANCGE
I FECHNOLUCY R Cusrl cosr

1 AP SULLAGE 1 3 07 3 13422037
3 s s > Al 2.8392723:

FOTVAL VFACBENT VALUE LUuST RALIQa 198

rhL8S KETURK 10 PHOCELY 1
ALTERNATIVE CRCATHENT TRAIM
TUBAL PHLELN) VALUL CO8) AATIOS

TUIrAL PHEBENT

FAEATHENT VALUL
THAIN CUST HATIO
L} 2
2 3
2 ?
14 10

FRESS HLIUKN 10 FHOCEEDIIL

HAPHAL NAY BTORED YUUR TALAFHENT THAIN
COST RAMILH 1H A FLMIORAKRY FILL uQ
YOU WANT (0 BLPORE VHE DATA UNDER A
PLUHENTANY FILE HAMLY

T~ --- -H0)

LHICH THL NURLEH VHAICH HEFREBENTS YOUh
CiHatcE;, ¢ €, 0, 2, &TC

1

YOU HAVE CONMPLEIEDL THE COST RATLIO
BECIIUH UF HAPHAT YUY ARL HEAOY 1O
PHUCEELD U ANUIIEH SECTION OF MAPHAT.
¥Yuu VILL 8€ HECURNLO TU THE HAIN HINU.

PHEBS RCAIVAN 10 PHOCEZLDHIT

-6L2~
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APPENDIX P

SAMPLE COMPUTER OUTPUT FROM
MAPMAT « EFFECTIVENESS



LFFLCIIVANISS EVALUATION TECHNIOGUT
uUsI NG

A PAlhY DLCISIONR WLICHTING MOORL

IN fHI3 ANALYSIS A  sseas AEUULT [HOICATES A VEAY AMALL NUMHERN OR A HUNMBER
CLECHILY GHEATLA TUAM UNE LN THE CASL UF A NORMALIZID VALUK. A BLANK
KRIPRCALNYY A NUNBCA LUUAL (0 O. N

U MLEU TO IMIABLIBH THE NUMCER OF ALTERMATIVES PLEABE ENTEN THE NUMBER
OFf ALFLCHNATLIVES FHAT YOU WISl TO CONSIDER (MAXIMUMaz0}

1.

TOU MAVE UNTLACO 4 ALICANATIVES 10 ST NURBIRCD AS FOLLOWS:

ALCERNATIVES

DU SOU WIBH TO CHANCS THE KUMNEEKR OF ALTENHATIVEB(YaYES,NaNO)?
™

~18¢-



PO YOU WISH 210
rY

INPUT
*tIRAIN

INFUY
TIRAIN 3

INPUT
PTUAIN 3

NPV
PTHAIN 4

Vo TOU WiIsH 10
N

NAME THh ALTERNATIVEB(YeYEIS . NaNU2T?

MANML FUR ALTERNATIVE Al (MAXINMUM LENGC1H=20 CHARACTERS).
NAML FOR ALTLRNATIVE A3 (HAXIMUM LENGCTH=30 CHARACTERS) .
HANE FOR ALTERHATIVL A3 (MAXINUN LINGTHaID CHARACTERA).

NANL FOUR ALTEXNATIVE A4 (MAXIMUN LENGIHe1Q CHARACTERN).

CHANGE IHE NANES OF YOUR ALTERNATIVES(YaYEZSH , NeNO)?

~28¢-



o g——

Al
Az
Al
ad

ALITANATIVES

TRAIN
TRAIN
TRAIN
“FRAIN

PRAERB TRE AIFURN XKY TU PNOCEED
t

1
3
3
4

-£8¢-



WNOW YOU NEED 90 EBTABLISR TIHL NUMBER OF KFFECTIVENEBS MEABURES THAT WILL RE
USED RY THE EVALUATION PLEAYE ENTER FTHE NUHBEA OF SFFECTIVENTBS NEABUAES

THAY YUU WIBH T0 USE(MAXINUN=30).
1
YOU HAVE ENILHED € ERFACTIVENESS NEABURES AS TOLLOVS:
CFFECTIVINESS MEASBURES

n

n3

He
LO fOU WiBII 10 CHANGE THE NUNWAR OF LFFECYILIVENCSBE MEASURLB(Y«YES, N=NO)?

™

-%8¢-



LU YOU WISH 10 NANE THL
ry

INFVT NAME FOR
?LO0CAL LAHOR UBE

INPUY NANE FOR
TRELIABLLETY

IHPUT NAKL Gk
1 80VCLIAL ACCLFATTANCE

INFUYT NAME POM
v IMFORTEL MATERIAL

E¥FECYIVENESS NEABUREB(YuYLE,NaNO)?

LYFECTIVINESS NEASBURE M1
KEFrECTIVENLESS MEASURE N2
LTIECTIVIRESRS MEAAURE M)

LEFECVIVENESS NEASURE Me¢

(HAXIMUNM LENGTHe2G CHARACTERS).
CHAZINMUM LENGTH=30 CHARACTERS).
(HAZINUM LENGIH=30 CHARACTERS).

(MAZIMUN LENGTHe20 CHARACTEAS)?.

U0 YOU WISH T0 CHANGE THE NANAS GF YOQUR EFFECTIVENESS NEARUREAC(YRYES,NaND)?

"
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EFFECYIVLNESS MEABURES

Hl LOCAL LABUR USZK
H3 RELIAMILITY

M3 BUCIAL ACUEPTANCE
Be  IMNFONTED PATARIAL

PRESS TIIE HEFURN XEY TO PROCEED
1

-987~



. .

é

NOW YOU NLED 70 DETERMINE THL RELATIVE WEICHTS 10 BE ASBIGNED TO EACH MEABURE

OF eFFECFIVENESY YOU MUST DO (HIS IN PAINVIBE RANKINGS USING THE RELATIVE

IMPOKIANCE OF ANY ITEM 70 1HZ NEXT ITIR ON THE LIST. FOR EIAMPLE 1f NEASURE

H M1 13 FWO AND ONE-HALF TIREE AS (MPOATANC AS MEABURE %3 THEN THE PAIRVISE RANK
OF 81 RELAYIVE SO M2 18 2.5.

ENTER THE RELAFIVE IMPORTANCE OF NiI TO M3.

12}
ANUER THE RELAVIVE INPUKTANCK OF M2 TO M),

1
INTER THL RELATVIVE LRYURVAMCE OF B3 TO M. °

t

~L8T~



ey

RS-

SFREFECTIVLNABS NMLABURES RANKING FROM FIRSAT 70 LABT HEABURE

®ams NOTE ®ae
OH THE LIBY.

L1} LOCAL LAHOR USE
n: RELIAMILINY

n3 BOCIAL ACCEPTANCE
Ne IMFOKTED NATERIAL

-

FHE MCASURE M4 HAS A RAMK OF 1| BINCE IT §8 CHE CABT (TEX

GO YOU WIBH 10 CHANGE THE RELATIVE RANXB(YYES ,NeND)?Y

"re

-B8Z-



YOUR JR1ENDLY CUNMPUVEK WILL BE K1GHT BACK. vl
PLEASE WAIT WHILE YUUR CALCULATIUNS ARE SFING PR

IN 1HE
QCESBED

HEAN TINE

=68~



CFFECIIVENEYSS
RLABURLS

Hi- LOCAL LAYOR vaE
M- RELIABILITY

M3~ HJUCIAL ACCEPCANCE
Re- ITHFOKTLD KATERIAL

RELAVIVE IMPORTANCE

WIrH RESPRCT TO
NHEXY ITLM ON LBy
2

PACHS THE REIURN XKEY TO PAOCKED
[

WITH RESPECT TO
LABT ITEM OMN LIST
3

NORHALIZED
RELATIVE
WEIGHT

-4

-2

-1

-2

=062~



MOW YUU NEED TO DLIEKMINE
ALTEAHACIVE. YOU HUSF DO
IMPORTANCE QF ANY 17EN 30
ALTERNACIVE A1 I8 ONE AND
THLN THE FAIRWISE RANK OF

FOR EFFECTIVENEBA MEABURE

Al TO AZ.
[ F1

fON LEFYECI IVENEBB MEASURE
A2 fO A
"

TOR LIEELCTIVANLBS MLABUKE
Ad U A4
"

THT RELATIVE IMPORTANCE TO BE ASSICNED TO EACH
THIS IN PAIRVISE RANKINGS USING THE RELATIVE
THE NEXT ITEM ON THE L181. §$OR EXAMPLE IF

ONE-HALF TINES AS INMPORTANT AB ALTERNATIVE A2 THEN

Al RELATIVE 30 A2 18 3.3,

"

ni

INPUT THE RELATIVE IHPORTANCE OF ALTERNATIVE

INPUYT THE RELATIVE IMPORTANCE OF ALTERNATIVE

INFUT YHE HELATIVE IHPORIANCE OF ALTERNATIVE

-T6cC-



ALAERNATIVES HELATIVE RARK FROM FIRST 10 LAST

TAMIN
THAIN
FRAIN

TAAIN

snes NOYA ewm
THE LISS.

KFFECTIVENEBS MEABURE M1 (LOCAL LABOR USEL)

THE ALTLRNATIVE A4 HAS A RANK OF ) BINCE IT I8 THE LAST ITEH ON

DU YOU WISH T0 CHANGE THE RLLATIVE RANKINGS OF THE ALTERNATIVES(Y=YES . NeNO)?

e

TUR EFPECTIVENESS MLASURE MI INPUT THE RELATIVE INPOATANCE OF ALTERMATIVE

A} [0 A2.

12

fOK E¢§ECUIVENESS MIASURE M2 INPUY THE RELATIVE IMPOHTANCE OF ALTERNATIVE

A2 10 A3

TOR ETEECTIVENSBES MEABURE M2 INFUY THE RELATIVE INPORTANCE OF ALTEANATIVL

A3 TO A4

"

-z6C-



ALTERNATIVES RLLATIVE NANK FROM FIAST 30 LASBT
EEFECTIVENESS MEABURK M3 CRELIABILITY)

TAAIN 1 n
AN 2 1
THRAIH 3 1
FRAIN o )

feae NOIL new THE ALTERNATIVE A4 HAS A RANK OF 1 SINCE IT 8 THE LABT ITEM ON
e Lesr.

VO TOU WISH 10 CHANGE THL RELAYTIVE RANKINGS OF THE ALTCRNATIVES(Y=YES,N«NO)?
y

MOK EFFTECTIVENESS MLASUKE M2 INPUT 1HE RELATIVE IMPORTANCE OF ALTERNATIVE

Al TU AZ.

12

TOK LIfECYIVINESE MEASURE M2 (NPUT THE AELATIVE IHPORTANCE OF ALTER.ATIVE

A3 FU A

"

fOK EFFECTIVINLBS MEASUAL M2 INPUT THE RELATIVE IMPOATANCE OF ALILANATIVE

A3 TO As.

n

-£67~



ALTAANATIVLS XELATIVE RANK [ROM FIHhSY TO LABT
EFFECTIVENESB HEZASURE M2 (RELIABILITY)

CRAAIN 1 3
SAAIN 2 ]
TRAIN 3 t
TRALH ¢ 3

seas NUIL som THE ALIBKNATIVE A4 NAB A RANK OF 1 SINCE IT 18 THE LABT ITEM ON
FHE L1aT

L0 YOU WIBH 10 CHANGE THE AELATIVE HANKINCS OF THE ALIERNATIVES(YaYED.NeNO)?
"

TOR ENFECI JVENLBS MTASUNHC NI INPUT THE RELAVIVE INFORIANCE OF ALTERNATIVE

A) fO AL

LE]

10k EFCECTIVENESS MEASURE M) INFUT THE KELATIVE IMPORTANCE OF ALTERNATIVE

A3 TU A).

”

TOF EFFECIIVENESS HEASURL M2 INrUT THE RELATIVE INMPORTAHCE OF ALTERNATIVE
A3 TO A4
"

-%62-



ALTERNATIVES KELAVIVE KANK FROM 1In87 TO LABT
EFFfECTIVENESS MEASURE M3 (SOCIAL ACCEPTANCE)

TRAIN 3 3

TANIN 2 3

TRAIN 3 t

TRAIN ¢ 1 )

ssse NOLIL ena THE ALTCRNATIVE A4 HAS A RANE OF 1 BINCE IT 18 THE LAST ITEM ON
Fiig LiI8f.

LO YOU W18H 10 CHANCE THE RELATIVE HANKINGA OF THE ALTERNATIVES(YeYES .NaKO)(
T

SUR LYFECUTIVANERS MEASURE Ne INPUT THL RELATIVE IMPORTANCE OF ALTERANATIVE
Al TO A2,
1.3

10k ETFECYIVLNASE NLASURE M4 INPUY THE HELATIVE SMPORTANCE OF ALTERNATIVE
a2 o .
1.3

10k ELFECTIVENASS NEABURE N4 INPUT THL RELATIVE JMPORTANCE Of ALTERMATIVE
A3 O AS.
123

-G6c-



ALJERNATT IVES KELATIVE KANX FROM [IRST 10 LAST
SBFFECTIVENESB MECABURE M9 CINPORTEID MATERIALY

TRAIN A -3
THAIN 2 3
TRAIN 3 2
TRALN 4 1}

anas NOJE =re AHL ALIARNATIVE A4 HAB A RANK OF 1 BINCE IT 18 THE LAST ITEM ON
THE L13T.

PO YOU WISH TO CHANGL ‘fHL RALATIVE RANKINGS OF THE ALTERMATIVESC(Y=YES,HaNO)?
™

-962-



TOUR (R1LNOLY COMPUIER WILL BP RICHT LACK BUT IN THE MEAN TINK
PLEABE VAIT WHILE YOUR CALCULATIONS ARE BEING PAOCESSED

A YA



FUR SHFUKTANLE MEABUKLE M1 - LOCAL LABOR UBE

KELATIVE INPORTANCE

ALTVEANATIVES VITH REBPECT To WITH RESPECT TO
MEXY ITEM ON LIST LAST ITEM ON LIST

At~ TRAAIN 13 3 2

AZ- HAIN 2 L 1

Ad- THAIN 3 1 1

A4~ IRAIN ¢ ] 1

PREAD THE RETURN KEY ‘IO PROCLED

’

NORMALIZED
RELATIVE
VEICHT

-4

-3

-3

.2

-86C-



TOH LNFONRTANLE NEABUKE M2 - KELI1ABILINY

RLLAY IVE IMPORTANCE

ALTEANATIVES WITH RESPLCI TO
HEXY 11EM UN L)

Al- FHAIN 1 3

A2- TRAIN 2 1

A3~ CAALIN 3 1

A4 INALIN 4 1

PACYS THE ALFUHAN XLY (O PNOCESD
1]

WITH RESPECT TO
LABT ITEM ON L18T
1

1
L3
1

HORMALIZED
RELATIVE
WEIGHY

.4

.3
.1
-3

-662-



YO ITHYONITANUE MEASUKE N3 - S80CIAL ACCEPIANCE

RLLATIVE BMPORTANCE

ALCCRNATIVES VITH RESPECT TO
XEXT 11EM ON LIST

Al- CAAIRN 1 2

A2- CRAIN 2 2

A3- CRAIN 3 N

AC- TRAIN ¢ 1

PRLA8 THE KRETUAN KEY TO PROCEXD
1]

WiTW ALA2ECT €O

LAST ITEM ON L1187

2
1
1

NORHALIZED
AELATIVE
WESGHT

-3

.23
-123
-128

-00¢-



TOR JNFORTANCE MEABUKE N4 ~ IMFORTED MATEIRIAL

ACLAYWIVE IMFORTANCE

ALTERNATIVES VLTIt ALSPECT FO
MCXT ITEM ON LISBT

Al- (RAIN 1 -3

A2~ TRAIN 2 -3

Ad- [RAIN 2 3

A4~ FHAIN & 1

PREYS FHX RETUAN XEY TU PROCEERD
’

WITH REBPECT TO
LAST ITLM ON LIBT
.5

13
2
1

NORMALIZED
RELATIVE
WEIGHT
RV

-332

-434

-322

~T0¢E~



HEASUKES OF LFFECTIVENLBB Mp TO1AL

ALTERNALIVES m M2 "y na EYFECTIVENEBS
Al -400 .400 .3%00 .1¢3 342
A2 -300 .200 .250 .222 214
A3 £300 .200 .133 .¢4¢ -234
Al -200 .200 .133% .332 .18

FRESS THE RCIURN KXY 106 PROCEEZDL
] .

-c0g-



Lo YOU WISH 10 UBK CUBT AB A LECIBION VARIABLE(Y«YES,NaNO)?
ty

-£0e-
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1 X

TNHALIN Ng3Yd ONY

ON Y03 N VO %3X ¥DA A WIINT RAL AL
A8 AINOLE ¥YLYA ITN OL LNVA NOX n



DO YOU WANY 10 UBE:

1---FEHPORARY CUBC GATA VILE dTURKY
Y MAFHAT.
1~ --PERHENANT CUBT DATA FILE BTORAD
BY MAPMAL UBING A FILENAME.
INIER 1HE HUNMMER ¥Ou YOUR CHUSCE.
(3]

-G0¢t—~



ALTERANAY IVEIS

cosy
Al 1
Az 3
Al ?
Ae 10

00 YOU WISH fO CHANGE FHE CUBT VALUES(Ya¥YEN HeNO)t
™

=-90¢-



ALTERNALIVES cosT
AL~ TRAIN 1 3
A2- TRAIN 2 3
Ad~ THAIN D ?
AS- [RAIN 4 10

PRESB THX KEIURN KEY TO FROCESD
]

1wTAL
EFFECTIVENEES
-342

-214

10

cosT
EFFECIIVENESS
[

14
30
s3

-L0t~



LU YOGU WIS 30 GEY A FRINILDL COFY OF YOUR AESULTH(Y-YED H-ul)?

CFFCCrIVENGS)
HLABUINL S

Hi-- LOCAL LABUH use
He- MLLIADBILITY

- SUCIAL ACCEPVANCE
He - ENFOHTEL HAGLRIAL

FUOH INPURFANCK HMEAUUKCE 1l

ALTEHHATIVES

at 3
Al- Shais 2
A} rasinN 2
A4 THAIN 4

ruatn

VUH IHPUOR FANCE HEASUHE P2

ALTEAMNATIVES

Al- THALN &
A2~ IHAIM 3
A3~ fHAIN D
AS- LOAIN &

FOR (NMIFUNRFANCE HIA3SURE H)

ALTEHNATIVED

Ab- THAIN 3
AZ- ThALl 2
Ad- fuainl 3
A4- ‘IMAIN 4

furd INPURFANCE HiABURE HS

ALTENNATIVES

Al- Fiain
A2z~ TRALIN 3

s wne s s

RELAT IVE INVUATANCE

WEFH HESPECT TO Wit RESPECT 1O
C 17ENM ON L1387 LASY ITEN ON Li81
z 2
) )
] 1}
] ]

~ LUCAL LABUR USZ

RELATIVE IMPORTANCE

VITIt RESPECT TO VITH HESPECT TO
REXY 11k ON LIST LAST 17E8t ON LIST
2 2

) s

1 )

1] 1

~ RELIANILIGY

RELATIVE SHPORIANCE

M ACSPECT TO WITH HESPECT 70
NMEXY 13FH OM LIST LAST 1TEH OK LIBT
2 2

1 . 1

] ]

1 1)

- SUUIAL ACCEFTANCEK

KLLATIVE JIMPORTAHCE

VI HESVECT (O VITIt HESPFECT TO
MLAT $TEN ON LIST LAYT S$TEM UN L8
2 4

2 2

1) ]

13 )

~ CHMURTELD HASFERIAL

RLLATIVE IMTURTANCE

Vet HedPECT O Wiy HESPECT TO
NLXT BTEN UN LI3T LABT 17Ef ON LINT
3 3
> 1]
- -

NUHHALIZED
HELATIVE
weienr
[}
PR
]
2

HOHNALIZ2ED
RELATIVE
WEIGHT

.4

HUHRTIALIZED
HELATIVE
wEICHT

[}

.1
3
2

NOAALIZED
HLLATIVE
wrient
3
13
125
EEE)

HUNMALIZEC
HELATSIVE
vELGHTY

ts

122

ey

~80€~-



HEABURES OF SFFECTIVENESS M? TCTAL

ALTEKNATIVES n N2 H3 L] EFFECTIVENIBSR
Al .400 .100 .300 .111 38
Az .300 .200 .35%0 .33212 L2y
A .300 .200 .533 444 - 2
a4 300 .200 .12% .33 -18Y
CaraL COST

ALTERNATIVES cosr ECFECTIVENESS EPFECIIVENESS
A1- THAIH B 3 -342 .

A2- TAAIN 1 3 .214 14

43—~ TRAIN 2 ? 234 e

Ad- TRAIN ¢ 10 YY) 32

11 I8 ANALYSIS A sese RESULT INDICATES A VERY SMALL NUMBER OR A NUMBER
SLIGHTLY GAREATCR CHAN ONE 1N THE CASBE OF A NORMALIZIED VALUT. A BLANK
ACFRLBENTA A NUMELR L[QUAL 70 9.

-60€-



00 YOU WANSP ANOCHCR COPY OF YOUR ATBULTS(Yu¥KH ;NaNO )Y
™

-01¢-



00 TOU WANY 10 RUN THIB FRUCKAN AGATN(Y=YES ;N=NO)T?
™

COODBYE

-T1¢€-
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APPENDIX

SAMPLE COMPUTER OUTPUT FOR
MAPMAT « SENSITIVITY



VELLONE TO tHE SENSE1IVITY SECHIION OF
MAPHATY IN fHi18 SECTION YOU CAN
HOLLIFY PHEVIOUS GATA 10 INVESTICAIL
FHE EFFECT OF ALFERNATE INFORMATIUN

1t ¥OU HAVE 2RRIVED A7 1RE WRONG POINT
THLN ENTER WAONG AND PRESHS RETURN t1F
AHIS 13 THE RIGHT SECTION OF MAPHAT
CHEN TYPE RIGUT AND YRuss RETCURN
TRICHT

THLRE ARL 31X ALTELEMNATIVE FARGS IN THE
BENSIFIVICY SECTIUN UF HAPHAT you
VILL BL ABLE TO HUN AHY UK ALL OF THE
dECTIONS . FHE ALTERMNATIVES ARE:

~CHANGL 1Mt AVAILALLE TECHNOLOGY.

CHANGE TI'ile YHEATIMENT THAIN3 Of

M LATHENT COALS

3---~CHANGE THL ANSUILHY {0 QULATIONS
VILICH DULCTEMMINE THL AVAJLAULE
TECHNOLOCY.

4---RLIUN NAFMAT USING NEV DATA.

3- CHANCE [fHE CUNT RATIO DATA

4--~CHANGE 1)t COS1 EYIECTIVENESS

HATA.

)
2-

ENTER THE NUMUEH WHICH REFRLELNIB YOUR
cHOICE; 8 E., 1, 2. EVC.

13

HAFHAYT HAS DETERMINLD TIAT THE
FOLLOWVING FECHNOLUGIES ARE AVAILABLE:

SANITATION

‘\HPL
vinee

houtLc

AP BULLAGE

2838 ACTUNN 1'0 PHOCEEU! 11
WATIER

PHESS REVUHN TO PRUCEEDI NI
VOULD YOU LIXE 0 SEL WHICH OUESTIUNS

AfFECTED FME AVAILABILICY OF IME
TECHNOLOGLLS?

1- -Yes
1~ --Nu

ENILE TML NUMBER WHICH REPRESENTS YOUR
CHOICE, 1 ¥., 1, 2, ErfC.

-

-§TE-



1z 2
12340478901234367898

IVIUPL

tHOEC

1S4

auver x ix
1°E1

orrr.sew. su X

Y. 8%

4222222223333330)
t12345478Y01234547

tVIPL

vioeL

motc

[E-2

eLvet

err

OUET. LEW. SU

1Py s8¢

. .
*  PFRLSS
& RESFURN *
. o .
*PHUCEER s

. -

“xasvasans

IAY

1AP SULLAGE

oAl SLW.SY x

uvVEC x X

oconm x

OCONH. SEW ix x

8AC x

OLAG WiF %
322222222323331333)3
123434720%01234%487

AP

IAL . SULLAGE
OAP sSeEW. 810

wvse

acon

9CUNM BEW

vAC x
OLAG. VSE

asanaasans

. -

s PRE33 »

¢ HELURN =

- ‘o .

A



-315-

s 1AITINH I
. o3 -
v HUNLIH »
v BEINS -
. .

ERIGIIEN

X mt awe
x LEL RN )
x x fVve
x X JRNWOD

LISHETII0EDLITHT 2
CERNEEECERZTIZIZ 2L

AER1T

tae

JHO
1InHWT0

HH 3J0
nLs 3 Lo
sSYO0

e no
sswsswsn vy
. v
»1ATID0H A
. o »
v NHAOLIW »
* SRINA -

MM M
Mo Mo o

cevsersuny

x L8
X HOINIDD

LXT 9oVl Vo

DVIOSH

N3RS

ado

JLUHO

LR

L9CYETIOAR/PSMETL
EECFECEEZTZRZZ 2T 2L

XX J70
x X x HOTH DG
X X JXI OVF VD
X IVIISe
LI S03IR0K0
x X 24e
x DI HIO
X 210

. .
= INATIDIMIJe



Rt
uCiLua
LYW 1d b 4
IeLT

IcyiLT

0B0F T X
QUSALT X
0DSALC2 X

22222222233133332
1234547890)12334347

ORSE x x
wHLoK

0ren x

WDEELY

1eeee

aBUET x

CUSALF1 x

0DEALYZ x x
anssnasans

. -

~  PHESS *

* HETUNR =

. 0 .

SEHUGLEDI®
- .
teacannaan

VOULL YOU LIKE 10 SLE THE ANSVUCHS YOU
CAVE 1O [HE QUESTION3?

1---YLS
2---N0

LN EK THE NUMBER WHICH HEPRLBLCHNITS YOUK

cHolce, L &., t, 2, £rc.

13}
ur -4 ury - 1
Q2 - 4 20 o« 3
u3 -1 Uzl = 1t
de = 2 022 « 1
[ - 1 023 = i
ué - 2 azqa <« @
a7 - 4 uid e 1
uy - 2 Q268 = 1
ay - 2 az2? -
uto .- 2 uzd v 1
- 2 QY » 2
a2 - 3 3o = 3
Ul = 2 431 - )
o4 = 1 32 =
1% - ) LIy - 2
uls = 1 a3d =
01?2 = 1 U3y - %

-9T¢e-



utd = 1 Usé = 3
Q37 = 2

PHEJSY REFUAN TO PHULEEDT I

HAFHAT HAYS JUH1 S10HED YUUR TECHNOLOGY
AVAILANILITY DAVA IN A FEHPURARY FILE.

VOULD YUU LIKE U SIURE 1ML DATA PEMHLENANTLY?

3- -~ -NO

ENTILR IME NUMLLR WHILI HEPRESENTS YOUR
CHUICE, I L., 1, 2, ETC.

7

IHLIS SLCIION 18 CUHFLELE. YUU WILL BE
RETURNED 1O rHE MAIN MENU.

FRLSB HEIUHN 70 I'HOCELDIT?

-{T¢E-



~8TE~

APPENDIX R

MAPMAT COMPUTER OUTPUT FOR
DAVID WATER SUPPLY



HAPHAT HAS DEVERMINED THAT THE
FOLLOWING TECHNOLOGIES ARE AVAILABLE:

SANITATION
PFT
PF1.BEW.8B
cumMn
CUMM. SLW

PHESS RETURN 'O PROCEEC! 1Y
VATLR

DSALTI
VBALT2

FHESS RETURN 10 PKUCEEDI 1Y

WOULU YOU LIKE 10 S8EE WHICH QUESTIONS
AFFECIED THE AVAILABILITY OF THE
TECHNOLOGIES?

1-~--YES
2 -~--NO

ENTEKR THE NUMHBLR WHICH REPREBENYTB YOUR
CHOICE, [.¢., 1, 2, ETC.

n
IR R PR ERERE]
12345678901234567890
uvVIgL X 1
OVIDPL X 4
GRUEC X
(¥ X
egver X X X
IPFY

1PFT.8EW.38

=-6T¢-
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19s

170

HNDe

X3 DN Vo
avInss
fO3ITASO
e

I8N0

Jue

M e 2 3 M ow

Ly -

wi3I3D0H I

. [+3} L

s NUALIN o

v SRIHS L]

. .

suesuwsvan

x JSA V10
x ave
AIB RN DT

HUO21

dyAe

AS A8 J4VO

FOVTIINS "3 VD

ave

PETIOERLYSHEZT

gcecececzzzrzer et

x J5M° Y70
x Ivo
NAIB HHOOT
uiom

as " A3S
FIDNTIINE " JVO
BAll

v

LK X

)
*IOMINONd .
- ne .

» NUATIH «

v 59363 .

. .

seseswrn un

JE 3330

ns MIg - LI

Jaat

x LA
180
J30U0
I1301AD
RELN)

LPSHYETIOABLYRNR 2T
fteeceercrzrIz I LY

X 19 13dp



2222204223333333433
123454789%00234347

2
[INTY x

$8LHEDS x  xx
UBULAG X xx
A LAG.EXT x
ocHLoA
0w X  xx
saenas
.
PHESY *
HETURN »
fo e
‘HOCELL =
.

.

-
N

-

-
sasaassnss
KRBT

UAS
1k 810

oLy . iR
alnnory

ONY
8r1

ossy

” R Mo

22242222233333332
1234567/8701234347
oduC
oAl
0FrF. 800D
ar um x
O IMHUEF
LLY] XX
oer xx
sssr x
anmasaanan
. .
*  PHESY o
s KETURN @
- ) »
*PROCLEDLI™
- .

tansansana
1IKSFE
1CinLoa

1t &0
1urILr
weeLy
1830€ 1
ILSALTY
10SALY2

~-TC¢-



222222222333323323
12343474901234567

1RIr

ICHLUR

1160

wreey

et

18057

IOYALTL

1DSALYZ

PRASS
HEL UKN
fu
HOCEED I »

.

saasnsnane
WOULL YOU LIXE U0 SLE IHE ANSWERS YOU
GAVE 10 THE QUESTIUVNS?

---YEB
2---NO

ENIER 1ML NUMBEK WHICH REPHLSENIS YOUk
CHOICE, 1.8., 1. 3, EfC.
"

a1 - 3 utry - 1
uz = 3 az0 - 1
us -1 Q21 -
asr .1 a2 - 1
a5 w1t uzi - 1t
s = 2 24 a1
u7 - 4 U2s - 3
us - 2 uzs -
[T 0217 - 3
aio -~ 2 o6 = |
ury o 2 ULy - 3
iz a3 030 - 3
a3 - 23 ult - 2
Q14 = 1 ulz2 - @
B T U33 - 2
urse = g Q34 = 3
Q17 = & 63 - 1
uld - 1 Q36 = 4
037 - 3

PHESY RESURN (U PHOCCED? 1Y

RAVMAT HAS JUST S106LD YOUR PLCHHULOGY
AVAILABILLYY UATA IN A TEHFORARY FILE

WOULD YOU LIKE 10 5TURE THL DATA PERMENANILY?

1-wem-no

A%



ENTER 11k NUMEBER WIICH HREFRLSENIS YOUR
2, EfC.

CcHOlCcE, (. E.. 1.,
YuU VILL BE

n
TH1S SECAION 1S COHFLESL
VHE HAIN MENU.

HETUANED TO

FRESS KLIUNN ‘fO FRUCEELI?II

-eee-



I¥ YOU NEED 10 REVIEW [FHE DEFINATIONS
FOII JHLEY LLVELS LNIER NHLLP OIHERWISE
ENLER THE HUMHER VHICH HEPHRESENMIY YOUR
CHOICE; 1 L , 1, 2, EuC.

1

HALHAT OFFLEKS TWO UPILIUNS LUK
CONSIYRUCKING RELAVIVE COST HATIOB:

1-=="TRLATHLNT THAIH UATIA S1UREL
TFEMPORARILY BY YUUR USE OF
HAPHAT .

- ~-tREATMLNY THAIN UATA WHICH YOU
YUU HAD MAPHAT 3TORE
FLHHENTANILY bBY A VILE NAME.

ENIER FHE HUNMBER WiHICH REPRESENTY YOUR
cHaicE; .E., 1, 2, bLIC.

t1

HAPHAY WILL HE RIGHT bACK

PLEASE WASTI ]
THEATHENT C(AAIN

s u

k) Yu GPEOUATION

A €l AND

1 AL CAPITAL HAIN1ENANCE
1y CECHNOLUGY HT Cusl cosr

1 CFILT 1 0 L}

1 RS 1 8.77 141.27%2241
3 CILOH 1 z v 110.78189%4

TOTAL PHLSENT VA_UL COSY KAL10e 2414

PRESS RETURN TO PHUCEEDt 4
TRHEAITNLNS THALIN 2

E3 H

] U OPERAY 10N

A el AHO

S AL CAFIAL HAINIENANCE
£ TECHNOLUGY RF Culrl coscr

1 RSY 1 §.77 141 .270261
T CHLUNH 1 2.7 110.7010749

FfOTAL PRESENT VALUE COST RATIO= 244

FHESS KEITUNN 10 PHOCEEDLI !
TREANTHENT TRAIN 3

8 ]
T Yu UFEHRATION

AN



A El ANO
[ AL CAFITAL HALNTENANCE
E €osT

141.779261
224.438904

FUOTAL FHREBLENS VALUE CusT RATIve 402

PHESS HEIUHN T0 PRUCLEDLt!L
FREAIYMENT TRAIN 4

LY v

Xl YV UGPERATION

A [} AHD

o AL CAPLIAL HAINIENANCE
E CUNDLOGY AR CO8Y cosr

1 DHAL L ) 73 93 370.335114r
1 CHLOK 1 .71 110.701894

TOTAL PREJENF VALUE COST RATIO- 537

FHLSS HLIVEN 10 PROLELDIG?
TREATHENS TRAIN %

s b

w Yu OPLHAT!ION

A £1 AND

[ AL CAPITAL HAIMIEMANCE
£ CECUHHOLUGY RY CUSC [+3:3

[} CPILY 1 o L]

1 LEILY H 8.1 224 438204

TUCAL PHESENT VALUE CuaT HATIO= 251

FRELSS HEMTUKN TD FPHOCERDG)
FTREACHENT TAAIN &

S u

1 Yu UPLERAYVION

A El AND

c AL CAFIMAL HAIRTENANCE
TECHHOLULY R COST cosr

[§ celey 1 o °

1 RAar 1 8 27 141.779241

4 wFaLc 3 24 1 212 468022

TUIAL FHESENY VALUE LUBT RATIOa 3Y)
PYRAEX33 RETURN TU PROCLED! 1
ALTERNAT IVL THLATHENT TRAIN
FOTAL PHESCENS VALUE COST RATIOB

A0TAL PHEBENY

-GZE~-



TREAFMENT VALUE
AHAIN Cust HAYIU

FRLEBS HEWURN 10 FRUCEEDI )

HAPHAC HA3 STURED YUUR (REATMENT TRAIN
C04Y KALIUS IN A TEMPOKARY €ILL. uo
YOU WANT FO ByuHe THE UDASA UNDER A
PERHENTANT YILE HAHME?

1---~-YES
| ES——)

EHIEKR THE NUHBLK VHICH RLFRESENIS YOUR
Ciuice; (.£., 1, 2, ETC.

12

YOU HAVE COMPLEYEU THE COST HAYVIO
SECTIUN OF MAPMASL. YOU AHE REAOY TO
FHOCLLL TO ANOIHEN BECTION OF MAFMAT.
YOU WILL BE REVURNED O THE MAIN MENU.

FHLSS HLIJUHN 20 FRUCEED!!|

-9¢¢-



AR

APPENDIX S

MAPMAT COMPUTER OUTPUT FOR
BOCAS DEL TORO WATER SUPPLY



MAPHA L HAS VDETERMINED THAT THE
FOLLOWING TECHNULOGIES ARE AVAILASLE:

SANITATIUN

PRESS RETURN TO PHUCEEDI I
WALTER

NI
D¥ILT
CFILT

YhEs8 REWTUNN 70 FPKOCEED!!}

WOULD YOU LIKRE O SEE WHICH QUESTIONS
AVFECTED THE AVAILABILITY OF THE
TECHNOULOGIEAN?

1-=-YLS
2~~~-ND

INTER THE NUMBER WHICH REKFRESEN1S YOUR
cioice, 1.£.. t. 2, ETC.

"
111113112

12345478901234346708%0

OPFT.3eW. 88 X
ePFY. 81 x

222222322333133333
12345478901334547

IVIPL

1viarL

IHOSC

osr

opvey

1PF T
0PFY.BEW.BbX
OF¥T.37¢

-87¢-
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L] PUESG &

8 NETUKRN

- o 2

SEFROCLEDI®

- .

Sammamanasn

VOULD YUU LIKE 710 SLE 1HL AMBWLRS YOU
GAVE 10 THE QUESTIUNS?

1-~-YLY
2--~NO

ENTICR INME NURHBEN WVHICH HLPHESENTS YOUR
cioviIce, e, 1, 2, £fC

11

uy - 1 iy «~ 1
uz -~ 1 Q20 = 1
L3 w Gz1 - 0O
a4 - 2 U2z = 1
as - 1 023 = 0
us -2 Q24 = 0
Q7 “ ) U2u - 1
ae -2 Gz6 = 1
QP - 2 G272 ~ 1
Uio - 2 uzye - 0
a1 - 2 Qz9 = 1
gi2 w 3 qiv = 3
13 = 1 Q33 = 2
ai1d - 3 Q32 = 1
ary - 1 u33 -« 32
uls « 1 0l4 = 2
arz - 1 iy ~ 2
Qi = 1 Q36 - 32

037 « 3

PRESS REFURN T0 ¥YHKOCEEDE H1
HAI'HAT RAS JUST ST1O0LED YOUKk 3 ECHNOLOGY
AVAILABILITY DACA IN A TEMPOHARY FilLE.

VUULD YOU LIKE 21U STOkE THE UDAIA PERHMENANTLY?

ENIER THL NUMULER WHICH REFREBENIS YOUR
cnovice, 4.e2., 1, 2, Croc.

L34

IH1S SLCIIUN 1S COMPLLTIE. YOU WILL BE
HEFURNED TO FHE MAIN MENU.

PRHESS HEIURN 1L PHOCEEDI DY

~T€E-



TREATHENC THAIN 3

8 8

1 Yu UGPERAT1I0ON

A El AND

[ AL CAPITAL MAINTENANCE
€ FSECHNOLOGY RT COST cosr

1 OFLILT 1 30.23% 249.59618¢
3 DFILT 1o 30.123% 211.3968%%

TOTAL PREBENS VALUE COST RACIO= S31

FEESS RLTURN 10 PHOCEELTIIY
TRENTHENT TRAIN 2

[ B

T Yu UPERATION

A €1 AN

4 AL CAPITAL MAINTENANCE
£ TECHNOLOGY RT CO3¢ coar

1 NT 1 2.7 13.7233021
3 DFILT 1 30.23 249.5%6189

TOTAL PREBENT VALUE COB8YT RATIO=- 293

PRESS RETUHN TO PHOCEED!!1
‘FTREATMENT TRAIN 3

H B

1 Yy UPEHATION

A £1 AND

4 AL CAPITAL HALNTENANCE
E  FECHNOLOGY Af cOsTr cO8Y

1 NP 1 2.7 13.7233021
3 CFILY i1 o o

TOTAL PRESENT VALUE CUNF RATIO= 18

PHEB® RETUHN TO PHUCEEDI!

AR A



PRESH RETUHN TO PROCEEDD t?
ALTEKNATIVE THEATMENY TRAIN
TOTAL PREBENC VALUE Cu8[ RATIOS

TOTAL PREBERY

‘TREATMENT VALUE
IKAIN €087 HATIO
1 3213
2 29¢
3 18

FREBS RETUKN TU FHOCEED!I!

HAPHAT HAS STOREC YOUR TREATHMENT FRAIM
COS1 HAM:08 IN A TEMPORAKY FILE. DO
YOU WANT fO 8TORE [HE DATA UNDER A
PEKNENYTANYT BILE NAHE?

ENTER THE NUMBER WHICH KEFKESENTS YOUR
CHOICE; F.E., 1, 3. ErC.

7

YO HAVL COMYLETED THE COST HRATIQ
SECTIUN OF HAPMAT. YOU ARE REAQY 1O
PROCEED 20 ANOTHER SECYTIUN OF MAPHAY.
YOU WILL HE RETURNED TO THE MAIN MENU.

PRESS RETURN 10 FHOCEED!Y

-£ee-
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APPENDIX T

MAPMAT COMPUTER OUTPUT FOR
DAVID SANITATION TECHNOLOGY



HAFHMAT MAS UEILHHINLD 3THAY ‘fHE
FOLLUMINIG TECHHULVGIES ARE AVAILAWLE:

EANTITATIUN

PET Stw. 80

PEF. BC

conn

CUnM. B3 eV

e

HH FC

[

CHLOR

ROC

AS

1t .87
oy . us .
IMHOEY

PHESS MEIUAN 10 PHROCERDI G
WACER
NI
e
LB 14
GiLoR
[ il
oviLr
cricee
a0
USALTY
LBALYZ

CREUS HEFURN T PROCEED) 1)

WOULDL YOU LIKL 10 SEL WVHICH QULSTIONS
ACFECTED (HE AVAILABILITY OF (He
TECHNULUGELSL?

1---YES
3---NO

ENTLER tH: NUHBEH WHICH KLPAEBSENTS YOUR
CHaKcE, 1.e., 1, 2, €rC.

3
trratiiseN2
$2343478%012345620890
ovieL X
oV iDF x
JROEC

-Gee-
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eSLLAG
QA . LAG.EXT

wnean
oLy
2222222223333331)
1231346287012234542
e
HE1C
e
O5UBLEBS x
0S0LAG X
OA .LAG.EXY x
1cHLun
oLy x

asaannenan
. -
*  PAcsy
* HETURN =
. o .
“IHOCEKD I~
. N

eamsmansaa
1HuC

TAS

ITE. 570
LOE . NHA
1IHMHOLH
INT

e

0LS5F

222322222233333333
123438/78701238%47

1T Hh
1LinHOFY
1IN

HEITUKN =
ro .
*HHOUCLED) -
- .

.
«
s pREss »
.
-

tensana
1h51
tcLon
1180
iy
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16808 £
sALT)
105AL12

22222212223333333)
12342678901234247

(Lt
1ICHLUK

1s0n
1USALTL
I0LAL1Z
azsssaaess
. »
b PRESS »
2 KLIUK »

- “ro .
*PFHULCEED! >
- N

WOULD YOU LIKE T0 SLEL THL ANSWLARS YOU
GAVE U (HE UUEBCIONS!?

I-—--¥YLS
2-- N0

ENILR THE NUHUER WHICH REPHESBLNTS YUUK
CHulce, 3 E., 1, 2, ElC.
n

[}3] - 1 uly = 1
uz - & 02e « 1
Q3 - 1 uzl =~ 1
a4 - 1 W22 = &
ay - 8 23 o« 2
as = 2 Qe =
uv - 4 Gzy - 1
ue - 32 azs « 0
(134 - 1 ary = 1
10 - 2 Ul « 1
Ul = 2 Uiy = 3
atz - 3 uig = 3
ars w3 43t = 12
gid = uiz - 1
Y-S uss ~ 2
16 = 1} u3iq4 = 1
A asl = 2
Ui =« 1 ulée = 1

Uiz = 2

PRESY HECUHN 10 PHUCEEDE )

HAVNAY HAS JUST STUKED YOUR TECHNULOGY
AVAILAGILITY DACA {H A TEMPORARY FILE.

VOUULD YOU LIXE 10 890RL THL DA TA PEHMENANILY?

-8€¢t-
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FEHPURARILY AY YOUR USE OF
HAFHMAT .

1-~-3REAIMNLHNY 1BATH LATA VRICH YOU
YOU HAOD MAFHMAT BFOHE
FERMENVANILY BY A VILE NAME.

ENTER THE NUHBER WiHICH HEPRESENTS YOUR
CHOICE; T.L.. 1, 2., EIC

L N}

BAVMATSY WILL BE RIGHY BAUR

PLEASE UATIESE
TREATHENT TRAIN |

s u

h3 U OPERATION

A El AND

4 AL CAFETAL MALN'I ENANCE
€ FfECHNOLOCGY Ry co3T cosr

1 ROEC 1 .23 L172%494001

TOYAL FREGLNY VALUL CUST HA110a O

FRESS RETURNMN TO PHROCEEDI I
TREATHLNY TRAIN I

3 B

k Yv OPERATION

A 1>} ] AND

G AL CAPITAL HAINTENARCE
£ CCECHNOLOCY KT CusT COosT

aT 1 48 1.40162007

TOTAL PRESENT VALULE COUSYT RATIO= |}

PREVS RETURN fU PRUCEELD) !C

TRLATHLNT TRAIN 4

-0%e-



S ]

k] Yu OFERAT IUN
A £t AND

« AL CAPITAL HMAINI ENANCE
E  TECINOLUOGY WP Cosr COSr

1 orr 1 - 82 -428v3203)
2 ¥Fy. 82 2 L3 ] 1.72037127%
3 PEF.3ew. 88 10 . ¢ 1.90151988
4 ec 10 1 318 ?4.47553128
3 tuuey 19 27 .18 224.531468
4 AF .5%0 10 14.27 7?3 v3809)

TOCAL PRESENT VALUL CUBY RACIO= 4412

FHLSS HETURR To FHUOLEEDI
FREACHENY TRAIN 3§

H ]

A YV OFERATION

» £1 AND

¢ AL CAPITAL HAINTENANCE
€ FECHNOLUUGY RT COB¢ cosr

1 PC 1 1.8 113.9624¢9)
3 LMNOFE 1 27 28 245.227441
3 rF M 1 18 .8a 173.2410804¢
4 CHLUR to 13 .8 44 2753879

FOTAL PRESENGT VALULE CUST RAfIU= 469

FHESS REIUKN 10 PRUCLEDHY
CHEAFTHENE TRALH &

8 u

R} Yu OPLERATION

A 43 AND

c AL CAFITAL MAINTLNANCE
v FECHNOLOGY R COSC

1 ve ] t1 18 113.046247)
1 1F 57D 1 z4.27 67 335711

3 A3 4 21 a2 180.480933
4 CHLUK 1 13.5 S4.44831827

FUCFAL PRESENT VALUE CUST RACIU= 307

FRESS HLIURN 20 PRUCELOII}
FREAVHENRT THAIN 7

s a

T Y VPERATIUN

A 3 ANG

< AL CAFIUAL MAINTENANCE
S FECHNOLUGY R CUST cosr

) PFT BEW.u8 1 - 3.24410401

=T%e-



i rc 1
3 1MorF 1
4 ¥ .51 1

11 18 113.942493
27.28 243.229684¢
24 22 87.3231712

TOFAL PREACNTE VALUE CUST RAFIQaS

FNESS HETURN Ty PRUCELLIEL

THLATHLNY THAIN ?

8 8
K3 yu
A el
< AL
€ TECHHILOGY RF
1 COnMm . BEW 1
2 rc 1
3  IHNHO:F H
4 1t .510 1

3312

OFEKATION

AN
CAPITAL MAINTVENANCE
cus s cosT

1 09 4.7439¢403

1.18 113.942493
27 .20 263.32%644
24.27 87.2331712

TOYAL PRESENSC VALUE CUST RACIO- 3135

PHESS RLIUVAN 10 FROCELDIIR

ALTERNAYIVE
FCTAL PRLSLNY

FREATVHENT
TRAIN
1
2

~C e

UREATHENT ‘FAA LN
VALUL CUS81 RATY

TOFAL PREBENT
VALUC
Co>T KAl160

CRESS HeETURN CQ PRuUCteERl (¢

HAPRAT HAS BUIOKED

YUUH TREATNHLNY

[13:Y

TRAIN

AR



COBr RACIOE 1IN A CEHPORARY yiLE v
TOU WANT 10 S10kL 1L DATA UNDER A
PERAHENTANT FILE NAnteE?

ENTRLK THY NUMBLElE WHICH HEPHEBENTS YUUR
cHOtCE; ¢ .E., 1. 2, EfC.

12

YOU HAVE CUHPLLTED THL COEYT HATIOC
SECTION OF MAPHAL. YOU ARE HEADY TO
PHUGCEELD TO ANUIMER SECTION OF MAPMAL.
YOU WUILL HE RECURNELG fO (HE MAIN MENUY.

YRESS RETUKN 10 PROCELDII

—-Ehe-



APPENDIX U

MAPMAT COMPUTER OUTPUT FOR
PENONOME SANITATION TECHNOLOGY
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HAEFHAYT HAS DETERMINED THAYT THL
FOLLOWING TECHNOLOGIES ARZ AVAILABLE:

SANITATION

WATER

PRESS RETURN O PHUCEED! ¢!

VOULD YOU LIKE ‘10 SEE WHICH UUESTIUNS
ACFECCED TIle AVAILABILITY OF THE
TECHNULOG1ES?

L---YES
1---NOU

IN7ER THE NUMHER WHICH REPKESENTIS YOUR
CHOICE, §£.E., 1, 2, ETC.
"

11111111133
123456720901234367890

tviee

IV10PL

1ROEC

057 x
vuver . XX
1PET

0PFT.BEW.S8 X

P BT

22222222233333323
12345478901234567

1V1PL
ivioPL
1ROEC
oST
aovCet
1PF L

-Gne-



~346-

X xx HOTHDO
x X3 9¥3 Vo
2¥YIOR0

SAIASO

x 200
x ILHI
330

LyCrEZINLRLYSHIERL
CCEECEREZZ7 TN 2L

x X x L0
x x L S 4 HNIHDIe
x X X JX3I'OV] YO
x X nviaso
X XX |ROIACED
x L 38 4 Dde
x DIENo0
x o

- .
viQ13300de

. o3 .

« NHNLIN «

v SEIRL .

. .
sEvsussxaw
A3 2VI0
ave

X  ATS HHNDO
WHODO

J33A0

X 88 AIG JVO
IINTIINS AV
avi

LYPCHE2T0427CPELY
teEcEeECcEELZIL 27 2L

x AR/ OYI0

ave

X X AJIRHHODD
HRNOJe

X 20

x x AR AJS AV
x IVITINR " 3v¥n
avi

M m M

. .
1Q33ID0HA.
. or .
» NENI3IH »
*» §S1¥HA .
. »

csevvusmer
JEJa4Al
LULMGRERRE P 1]



~347-

XX XX x TrIYS a0
xx XX x 1II¥E00
x 1Ix X 110%90

L3130

rLI13at
x xx osio
x x HOMID0
X X x agun

LySrETIOERLPSIETN
cCRcccenTZITZLZTY

X Lryveno
x . wLivsae
X Jaoeo
LIt
I3

N9 10
HOTHDO
ISHe
vews

. -
i GTTII0H A

v o v

w NHALIY »

s FERIANHA .

. .
ssvsenvwey

x 1650
Jar

LHY

x ERIUIAR ]
x i ato
x ars-jrn
x XX x sY0
x xx x onyo

LYSITTIO60/PCHC2
rceceeeczrzr eIz 2L

JEG0

Lat

JNT

X x XX Jinnuroe
r ¥rx Hir-aro

X XX ars 40

2 b ] XX B’YD
X x XX 140

. .
wiG1TIDINUA
L] ny ]
* HBNLIY
v REIHA L]
- .
LTI ]
X xx L0



anmaanrnae
. N
*  PHESS »
s HETURN »
- ro .
TPHUCEED I
- .

tansnnenan
WUULD YOU LIXE 10 SEE THE ANSWERS YOu
GAVE 0 IHE QULICTIUNST

1----¥ES
2-.-NO

ENIER THE NUMOLR WHICH HEFHRESEN1S YOUR
cuHOiceE, & E., §, 2., EVG.

2]

ut -1 ury = 3
a2 - 41 J4z20 = ¢t
a3 - 1 uz) = @
as a2 Uiz = 1t
H - ) U1l - 0
us - 2 44 = 0
6?7 o« 2 Uzs = g
as - 2 26 = 1
ay - 2 27 « 1
Uit a 2 uzs -« 0
a1t = 2 Uiy - 1
iz - 3 uio =« 3
053 = 2 a3y = 3
at4 « ¢ a3z =«
Gty = u3i3 e 2
dls « 1 034 = 2
017 » 3 ui’is -~ 32
Gly - t 34 = 2
037 = 2

PHESS RETUHN (0 PROLEEDN 1!
HAERATT MAS JUST STURLDL YOUR 1LCHNOLOGY
AVALLABELICY UATA IH A VEMPORARY FILE.

VOULD YOU LIKE 30 SI0RE IHE LATA FEHRMENANILY?

3-—-w-NO

CNIER THL NUlthbth WIRICH REFPKRLAENTS YOQUR
CHOlCE, 1 . E., 1, 2., ETC

17

THIS BLCTION 18 CUMPLLIE. YOU wiLL BE
RETURRED YO THE MAIN MENU.

FhHESS HETUKN TGO PROCELDSSH

—-8he-



FEMPURARILY H8Y YOUR USE OF
HAPMAYL .

2-—-="tHEATNMENT THAIN UATA WIIICH YOUU
YOU HAD HAPHAC BIORE
FEHMLNIANILY LY A VILE NANE.

ENFER THE HUHHBER WHICH REPHREBENTS YOUR
CHOICE, 1.8, 3. 2. EIC

21

HAEPNAT WILL UE RIGHT UACK

PLENSE WAITI 1Y
TREATHENT FRAIN 1

8 B

% Yu OPERATION

A 3] AND

c AL CAFITAL HMALNY ENANCE
£ TECHNOLOUY KT COST cosar

1 PES 1} .18 .71077932)
2 PFI S s .74 2.83927331

VOTAL PRESENT VALUE COBT RACIO. &

FUESE KEITUHN 70 PROCEEDII)
TREATHENT (AAIN 3

s -]

3 Yu UPERATION

A £1 AND

4 AL CAlIlAL MAINTENANCE
£ CTECANOLOGY R COST cosr

1 viee 1 .ot 179694881

TUTAL FHESLN? VALUE COUSYT RATIOw O

PRESS HEFUAN TO PROCEEU! S
IHEATHENY TRAIN 23

8 d

T Yu OFERATION

A £1 AND

< AL CAFLIAL MAINTLNANCE
E FECHNOLUGY RT COST cosr

1 vioeL ) 1.02 .447237202

TOTAL PHESENY VALUL €081 RA110a 1

PACSS HEFURH TO PRUCEEUL 1Y
TRLATHLHNY TRAALIN ¢

8 8

-6vE-



]
A
[
£

Yu

el

AL CAllIUIAL
TECHNOLOGY RF COST

HOEC 1 33

OQPERATION
ANO

MATHTENANCE
cosr

-249343321

F0TAL PRESENT VALUE (0US57 KHAT10a- 0

PRESS RETURAR 7TQ PROCEEODL !

TREATHENT THAIN 3

L

L]

Yu

et

AL CAFIVAL
TECHNOLAGY KT COST

err ] .14

GPERATION
AN

MAINTENANCE
cosy

S71072932)

101AL PHESEN? VALUE CUST RAT10- O

fHeBY RAECUAN YO FHOCEED)Y N

AHEATHEND THALIN &

) [

1 yu UPEHATION

A >3 AND

< AL CAFlIAL MAIN1TENANCE
£ FECHNULDCY RT COsT cosr

1 AP Lz 18 970352334

T07AL FREBENT VALUL COST RATI0O- 2

PRESH RETUHN o PHOCEEDI I
THEATHLNY TRAIN 7

B L]

T Yu UPERAGION

A €t ANQ

< AL CAPITAL MAINTENANCE
£ FECHNULUCY Rf Culdl cusr

1 viueL 1 1.02 .449237202
1 PET S .18 401085079
3 vEr.dar 10 .74 2.53442752

A0TAL FRESENT VALUE CO81 RATIO« 5

PREBY HETUHN O PROCEEDI 1Y
TREMI HLN'T TRAIN 8

B8 e

T YU UPLKATION

A et AND

< AL CAF1IAL MAINT ENANCE

-06¢-



£ FECHNOLOGY RT CustT cost

I HOEC 1 33 269542328
1 L2 > .18 .481068%07Y
3 PET ST 10 24 2.334627251

TULAL PRLEENT VALUL COUST RATIO= 4
FHESS RECUHN 0 PAucEeEd 14
ALTENNAG IVE THEATHENT THAIN
TUTAL PRESENT VALUL CU3T RATIOS

TOBAL PHLSENY

FREATHENT VALUE
THRAIN Cus’s HATIOL
1 .
2 a
3 1
4 []
3 ]
. 2
7 >
L) 4

FRLSS HELIUKN 10 FHUCLLUI D!

HAPHAT HAY STORED YOUR CHEAVHENT ‘THAIN
COST AALIOS IN A TEHMFOKAUY FILE. no
YOU WANT r0 SBTORE FHE UATA UNDER A
PCHHLNIANY FILL Nank?

1--m-.YES
2~ —-unO

LNTEN THE NUMBLR WHICH KLPRESENIS YOUR
cuotee; 1.€., t, 2, £rc

12

YOU HAVL CUHMPLETED THE COSY hATtUL
SECTIUON OF HAPHAT YOU ARE REAVY TO
PRUCEED 20 ANUITHEH SECTION ULl HAFMAT.
YOU WILL EE REFUANED (U TIIE MAIN MENU.

FRE3SS KEIUKN 10 FROCLEDIN]

-Tce-
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APPENDIX V

MAPMAT COMPUTER OUTPUT FOR
INDONESIAN TEST SITE TWO



MAPHAT 1NAS DETEKMINED 1HAT THE
FOLLOWING TECHNOLOCIES AHE AVAILABLE:

BANITATION

VIPL

vioPL

ROEC

8¢

REY

PFf.9r0

AP

AP . BULLAGE

-g£6e-
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ave

x M3 HHOND
HUHO D

x A0
X A8 AIG AV
IOVIING " dV1
AV

PR
-

» .

« i ARADODKAS

- oL .

s NHNJIW »

» §S1Ha .

. .

vssscuen s

AS 33

8 ATI LIAe

Jaas

LIAT0

Jet

230m

TICTIAL

33T AL
LYSPEZTIOSRLYPSIEZ]L
tefrecceczzzzzZ2L

[S W ]

x REAIR L3do

taat

X5 X A3A00

23041

4181
G&osYCHCTITIOAOLYSNETLY
TEITEETIE YL
ti
33 ozt 3 CIIINHD
UNOA BLHIASTHIIY MITHA HIAHAN IHL HILNI

OH---1T
BIX---1

EKIIDOTONHITT

TJHL 30 ALTIIAVIIVAY IHL G3ILITI Y
SNOIJE3IND HDIHA 338 0F INIT N0A OInOA
1110337044 OL NINLIN G83Ng

371D

BANED]

id

N

HTILVA
1110333088 0. MENLIH EQINg



OLAG . Wiy X

32222222233333233
1234356728701234367

1Al SULLAGE

OAP BEW.9B

ovac

acomn

$CURM . SEV

aAc

SLAC V8P

samesasana

. .

PRESH »

* RELIULH =

«  TO0 s

SEHOGLLDI®

- .

(YT x
OHARTC x
oPL xx x
03DBLOS X x x
WSLLAG X x X
GA.LAG.EXT X 2 X
WCHLOK X x x x
oL xx x
31222232223333333)
12343678701234547
orc
MRIC X
orc x
@SDBEDS
0SuLAG
8A .LAG. EXY x
acncon x
oL x x
.n .
. .
* PHESS
* KETURN =
- g0 e
*FROCEEDI ™
L L]
X x x x
x x x x
SIF. b0 xx x
our . NR x x x
STHHOSF xx X x
INT
wr
ossr

~-GCcg~
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HANA GLNIGTIHITH HIIHA HTIAHAN IHL HILNY
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NOA SHIABNY UL 139 OL X111 NOR aT1anA

. »
»1GIII0U 4
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v NHUNLIY »

» E€3IHA -
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sev LEX LY

x x TLIVG O

X x 1IIVERQO

x Lingo

Jrram

LItIgt

x oNio

HONIIN

X JFHD
L9SHETIIO4BIISYETT
CEECEECERZZIZZ2T 2L

x TIIVS00
X 1L3¥sa
x J3IOFD
LITEm
f113071
or.te

x HOIHDO
IS He

. .
s 1GITDME A
. s »
®» NHALIN o
» REINS -

.

sessy

x isge
Jat

AN

x JIDHHTIO
x LR I X J
x 018 aso
x x hiAd)
x x QHED

ZPSHTCZINEQ/9TRETT
EECCRCECTZIZZIT 2T



(13} -1 uty = 1
a2z - 1 aze - 1
w3 = 1 Qz1 =
a4 - 2 a2z « 1
ay =1 Qz3 « 1
us -2 uze = ¢
a7 -3 025 -~ 3
ae -~ 2 Q24 « 1
a? “ 2 (27 « 1
Wil - 2 028 = 1
Q1) = 2 uzy - 1
w2 = 3 030 » 3
013 = 2 st - 3
uLe - 8 032 « 3
uld -t 43l = 2
uise = 1 ul4 = 2
Q17 = 1 L3 = 2
u1é = 3 a3s = 1

usr = 2

PRESS REFUMN YO PHROCEED! 1Y

HAEHAT HAS JUST STUKED YUUK YECHNOLGCY
AVARLABILILY DATA tN A FEHPORARY FiLE.

VOULYD YOU LIKE 10 STURE THL DATA FENMENANILY?

$-----YE3
3-----NO

ENILH IHL HUMBLE WHICH HEPRESENTS YOUR
CHULCE, ¢ £ , t, 2, EfC.

1

THIS SLCYIIUN 15 COHPLLIE. YOU WILL BE
AL FURNED 10U IFRE MALN HMENU

FHESS HEIUKN TO PROCEEDLI It

VA A



WLLLOUME 10 30 FTHL CO3ST RATIO SECTION OF
HAPHMAT. IFHE PURPOSE OF TIHIS SECTION 13
10 CONSTHULY HLLATIVE COSY HATIUS 1OR
TREATHENS THALINS PREVIOUSLY CONMTHUCTED
HY USING HAPHAY 1T YOU AKE IN

THE WHONG SECUIION OF MAPHAT THEN TYPE
VHOHG ANB PHESS RETUHN. 1F TH18 1B THE
RIGHE SECTION (HEN TYPE RICHD AND PRESS
kETUAN.

PRIGHY

WIIAT 1B HE DESIUN LEVEL OF PFOPULATION
Ar THE LOCAL BITE?

U2 4

WHA'Y 18 THE EXPRUTEL POFULATION GHOWVIH
HACE LXPRESSED AS AN INTERGER? DR
LXANPLE LNTERK 3 FOR A THRLE PERCENT
AATE ANO PALESS HETUHN.

n

VHAT IS THE PLR10D OF DESIGN 70 BE USED
1H THE ANALYS13? (MAXIHUH=1U0)

t1s

VAT 18 L OFFORTUNITY COSY OF CAPITAL
OR DISCOUNT HATE fu BE U3ZED IN THE
AMALYSIS? ENTEH AN INI1EKGLA SUCH AS 10
FOR A TEN PEACENS COST OF CAPITAL.

1o

A CHITICAL CHITEHIA [N EVALUATING rHE
CusT OF TECHNOLOGY 18 VHE LEVEL OF
SUKFPORY AVAILABLE DURING THE USE OF THE
TECHNOLOGY . IN GENEAAL A GOOD MEASURSE
Oor THIS SUPPURY I8 1THE EXIETING LEVEL
OF FHE INFRASTRUCTURE. HAPHAT (NCLUDES
FOUR LEVELS OF INEHASIRUCIURE. WHICH
INFRASFAUCTURE LEVEL 13 CLOBEST (0 FTHE
DESIGN SI11EY

1--THE INFRASTHUCTURE 18 DEPENDLHY ON
FHPORTED ENPLOYHENT; AGRICULTURALLY
ORJIENIED WITH A VERY SHALL OR NON-
EXI8CANT LOCAL MABKES E€CONOMY; FEV
H1GH SCHOOL OR COLLECE CRADUAIES
AHRE AVAILABLE (O HELP LOCALLY
UNLESYS FHOM A VOLUNTEER TYPE
ORGANIZATION. ALMUZT 100 PEACENT
OF LOCAL LHMPLUYMENY 18 AGHICULTURE.
A RURAL VILLAGE 15 AN LXIAHPLE.

PHESH KEIURF T0 PROCEEDI NG

2 --FHE INFHASTAUCTURE IS DEPENDENT
ON THE I1NMPURTEL EHPLOYHENT OF
SCIENCIFICY FECHNICAL PEUPLE BUC
PROUDULLS MANAGLP3, OFEMATOKS, LOW
LEVEL FEACHERS, ETC. TG SUPPOHT A
LOW 40 MLDIUM SIZE MAKXKET LCONONY.
APPHOXIHATELY 30 PEACENC OF THE
tUCAL POLULATION OERIVES A

-8S¢E-



LIVELIIIVOD ©RUM ACRICULTURE. THE
SLCONDARY AND PRIMAHY SCHOOLS ARE
VEVELUPEN LU FHE QUALITrY OfF

INSTRUCTIUN MAY BE VLEY VARLIABLE.

PHESY REIURAN 'O PRUCEEDI
=~ ..... . CONTIHUEL.. .

AN E£XAHMPLE IS A RURAL TOWN OR
SHALL C17TY

PAESS HETUNN 10 PROCERZVID)

3--TIE INFHASITHUCIUKE HAS AVAILABLE
SCIENTIOSrS, ENGINEERB, AND DTHER
PHOTESS JIONALS BUT 11IORT8 ALRMOST
ALL RESEARCHM PRUFESSIONALY. PRINARY
AN SLCONDARY SCHOOL SYSTEMS ARE
VELL OEVELOPED WITH GENEHALLY GodD
TEACHERS A LUCAL COLLEGE MAY bE
AVASLAHLE LES3 THAN 23 PEHCENT OF
ITHE POFULATIUN FRIMAKILY VEPENDS ONR
AGRICULYURE HELATED ENTERPRISE.

FRESS HELUNN TU PKOCEEDIIQ
3-- CONCINUED. . ...,

AN EXANMILE 18 A LAKGE BUY JBULATED
CIry, POSSEHLY A REGJONAL CENTER
Ot COUNMERCE .

PREYS RECUHN [O PRUCEED 11

4--THE INEHASTRUCTURL CLOSELY
RESEMBLES A LARGE CITY IN A
DEVLLUFED CUOUNIRY. B81GNIt ICANT
POHTIONS OF THE FPOPULATION FINISH
FHINAKY ANL SLCONDARY SCHOOL.
RESEARCH PROFESBIONALY ARE READILY
AVALLAHLE AN HICH TLCHNOLOGY 18
ALSO AVAILABLE. AN EXAHPLE I8 THE
HADIONAL CAPITAL OF A DEVELUPING
COUNTHY.

FRLESS RLIUKMN TO FROCLEUI!E

b --HURAL VILLAGE LEVEL.

1 AUKAL 10w OR SHALL CITY LELLL,
3--LARGE BUT ISOLATEO CIfY LEVEL.
4~ -NATTONAL CAPITAL LEVEL.

IF YOU NEED €0 REVIEW THE DEFINATIONS
Tuit STUESE LEVELS ENITR HLLP OIMLHWISE
ENTER rHE NUMBER WHICH REPRESENTS YODUR
CHoiCr; ¥.E., ¥, 3, EIC.

L3

HAPHAT GFELHS 1W0 OF1IUNE TOR
CUNSTHUCCING RELATIVE CUBF RATI0B:

1-—-1TREATHENT TRALIN LATA SI0RED

-66¢-



TEMPUHARILY BY YOUR USFE OF
HAPHAL .

2--~THEAIHENT THAIN DATA WHICH YOU
YOU HAD HAPHAT STORE
FERNLNITANILY BY A [ILE NAME.

ENFER THE NUMHER WHICH HEPREBENTS YUUR
CHUIGE; 1.E., 1, 2, E1C.

t

MAENAT WILL BL RIGHT HACK

PLEASE WALITL
THEAVTHENT TRALM 1

s L]

¥ g OPEHATION

A £l AND

¢ AL CAP1TAL HAINTENANUE
€  FECHNOLOGY nf CUaT * COBT

1 viet 1 .31 .1776v94801
1 rE LI Y | LRSI EY 224
3 rrr.ar 13 -74 2.9%441214

TUTAL FHISLNT VALUE COBET RATIO= 3

PRESY HETURN 1'0 PROCEELT 11
THEAMV'HENT ‘THAIN 2

8 8

1 Yu OPERATIUN

A €1 AND

< AL CAPIIAL RMALNTENANCE
£ FECHNOLOGY H1' COST cosr

1 41 1 1) L.637232393

TOTAL PHLSENT VALUE COOT BATIO= 2

PHEBS RESFUHN 1'0 PHROCEED! 11
TRLATHENT THALIN )

8 [:]

1 Yu UFERATIUN

A el AND

¢ AL CAFIIAL HAINIENANCE
E CTECHNQLOGY AC COST . cosT

t vioeL 1 1.02 449237201
2 AP 3 PR Y ] P1v464084
3 AP . BULLAGE 10 3 .07 1.82343%0?

VOBAL PHESLNY VALUE CuBY RATIO= 211

PRESS REIUHN TO PRUCEEUL) V¢

-09¢-



MLAIMENT TIAIN 4

8 L)

T Yu UPLKATIONH

A £l AND

< AL LAFITAL HAINTENANCE
£ TECHNOLUGY RF CO3r cosr

1 vieL [} 51 .179494881
3 eFT 3 ta 701723222
3 PerF 81 L] .79 2.4751880¢
4 81 13 .53 1.22644445)

TOFAL PREJBENS VALUE COST AATIVe &
FhLBS MLCIUKN 10 FROUCLEDLI T
ALCERNATIVE TREATMENT THASN
AUTAL PHESENY VALUL CUYT KATIUS

fOraL PAKBENS

TREATHENT VALUE
IHAIN CUST RALLO
[} S
2 2
3 1
4

¥RESS KRLIUNN 10 PRULEEDLI )

HAPHAT HAS OIURED YOUR TAXATHENS TRAIN
LOSHT HATIOS IN A TENIORAHY FILE. Do
YOU WANT IO LIUHE fHE DASCA UNDEA A
PERHENIANY FILE NAME?

t-emm-¥ES
1---~-NO

CNMER THE NUMBEH WHICH RECRLSENTIS YUUR
CHOtCE, t.E., 1, 2, EfC,

n

YOU HAVE COMFLETED IUHE CUSY HATIO
B8ECTION OF HAPHAL. YUU ARE READY TO
YHOCELDL 10 ANOTHIHR SECTION OF MAYMAT.
YOU WILL HE REVFURHED TO THE MAIN MENU.

PREEB REWUKN TU PHOCEEDIIY

-T9¢-
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APPENDIX W

MAPMAT COMPUTER OUTPUT FOR
INDONESIAN TEST SITE FOUR



MAPMAYT HAn DETEHMINED THAT THE
FOLLOWING VECHNOLOGCJES ARE AVAILABLE:

SANITATION

BFY
FET.BEW. 8B
AP
A¥ .BULLAGEL
Af.SEW. 88
cons
COMM .8V
LAG . wBE
fC
HRIC
ec
BLEBELS
8pLAC
A, LAG.EXY

CHLOR

1

Aac

as

TE.ST0

IF .HR

IMHOFY

PRLSS RETURN 10 PHOCKEULI1!
WATER

NP
e

-£€9¢-



BSF
LEY Y
CHLOR
TG
OFILT
Ct Ly
SuFr
USAL: 1
osaLr:

FRESS RETUIN 106 FHRUCEEDI G

WUULD YU LIKE 1U S£€ VHICH QUESTIONS
AFLECTED THEL AVAILABILIIY OF THE
TECHNOLUG ST

t-—--YLS
2---No

ENTEN THE NUMUER WHEICH ALFRLESENTS YUUR
CHOICE, 1.E., 1, 2. ETC.
"
11150008302
123454787012343547098

ovieL 1
WlDPL x
OROLEC X
[3:3] x
oover X
ey
1Prf.8cw 38
wrT.BY 4

2222222223333330
12042470901 224547

wirL
oviusL
fROULC

[EYy

WwVCT

1PET

IF1Y . SLW.5b
aPr . 8T

- .
* PREDBS =
* REFUAN o
. T -
*PRUCEEL
. s
.
AP

LAP SULLACE
IAP.SEWV. 8B
ovic x
tconm

-9¢-~
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ENTEK 1€ NUMBLH WHICH HEFRLSENTIS YOUR
CHOICE, 1.E., 1, 2, EVC,

1"

qa -3 a1y = 1
U2 « & uzo -
a3 - 1 Uzt = 1
yea =1 U2z = 1}
S =y 2l - )
as - 2 024 = 1
uy -4 uzs « 3
as - 2 Q26 =
a? - 2 Q7 = 1
a10 e« 2 e - 1
011 = 2 U2y « 3
012 =« 3 ulo =« 3
13 w3 U311 « 3
Uit « 1 a3z = 1
Q15 =« 3} uda « 2
uid - 1 uy4 » 32
ar? = 1 uis ~ 2
uis = 1 u3s = 12
37 « 2

fRESY AU CUAN 10 PROCLEO? 1S
MAFMAY LIAS JUSY BTUKED YOUR TECHNULOGY
AVASLAGILISY DAFA IR A TEMPURARY FILE.

WOULD YOU LIKE 10 STOKRE THE DATA PERMENANILY?

LNILH THE NUMUER WHICH HEPRLESENTS YOUh
CHufce, 1.2 , 1, 2, EVC

THIS SLCTIOUN 19 COHFLETE. YOou witL 8k
RETURNED (0 rHE MMIH HENU.

PHESS AEWURN TU FRUCEEDt (¢

—-L9¢-



VLLCUME 10 720 wHL COSYT RATIO SECTION OF
HAPHAS ‘THE PUARPOSE OF THIS SeCrION 18
0 CONSIRULY HLLAWIVE COST RAN10S FOR
FREATHENT CRAINS PREVIOUSLY CONSTRUCTED
HY USING MAPMAT 1F YUl AKL IN

THE WAONG BECTIUN OF HAPHAT [HEN [YPE
VHORG AND FHESS KETURN 1F TH1S 1S THE
NICHT SECTIUN THEN TYPE RICHT AND PRES3
REJURN

YRICHY

WIAT 18 THE DESIGH LEVLL OF POFULATION
AC {HE CLOCAL SITE?

1729400

VILAY 35 THE EXPECTLLD FOPULATIUN GHOWIH
RATE EXPRESHBED A8 AN INVERGER? FOR
LXARFLE LNTEN 3 FOK A THREE PERCENY
RATE AND PRLSS HETFUHN

121

WHAT 1S THE PLRIOD OF LLSIGUN TO SC USED
IN (HE ANALY313? (MAXIHUH-100}

Zz3

WHAT 18 GTNE OPFURIUNITY COS8Y OF CAFITAL
OH DISCUUNT HAVE fU BE U3ScD 1IN fHE
ANALYSELIS? ENYTER AN INTEMGER SUCH A8 10
FOR A CEN PUHCEND CQSC QF CAPITAL.

110

A CHITICAL CHITERIA IN EVALUATING THE
COSY OF TECHNOLOGY 3 THE LEVEL OF
SUPOHT AVAILABLE DUKING THE USE OF THE
TECHNOLOGY JH CENERAL A GCOOD MEABURE
OF 1M18 BUFPLKT IS THE EXISTING LEVEL
OF rIE INFRASTRUCTURE. MAPHAT JNHCLUDES
FOUR LEVELS Of INIRASIKULTUNE. WHICH
INFANSFHNUGCTURE LEVEL 13 CLUSEBCP TO THE
DEBIGN SIME?

1-~7IHE INFRASUTHUCTUKE 18 DLEPENDENY ON
IMPORIED EMPLOYMENC; AGHICUL FURALLY
ORILNYLD WItH A VLAY SMALL OR NON-
EXISTANT LOCAL MAHKET ECONONY; FEVW
HIGH SCHUOL Ot COLLEGE GRADUATES
ARE AVAILABLE U HELP LOCALLY
UHNLEQS FROM A VULUMNILEH TVYPE
OACANIZAION ALHOST 100 PERCENT
OF LOCAL EHMFLOYHMENT 1B AGIICULTURE.
A RURAL VILLAGE 13 AN EXAMPLE.

PHLSY RETURN 106 FHOCLED?IH

2« -THE (INFHASTHUCIURE 18 DLPENDENT
UM THE IMIFORITED EMPLOYMENT of
SCIENTICIC! TECHNICAL PEOPLE HUT
PHOUDUCES MANAGLERS, OPERATORS, LOW
LEVEL TEACHEAS, EFC. T0 SUPPORT a
LOW 10 HMEDIUM S12L HARXKLT ECUNOMY .
APPROXIHATELY 50 PERCENF OF THC
LOCAL POPULATION DEKIVES A

-89¢-



LIVELINUOUD rRUM AGRICUL fURE THE
SLCONLARY AN FHIMARY SCHOOLS AKE
ODEVELUPED BUT FHE QUALLSY O

IHMSIHUCT ION MAY BE VEHY VARLAULE.

PRESS RETURN O PRUCEEDIIIL
-~ . ... cONvinuLL L

AN EXAMPLE 13 A RURAL TUWN OH
SHALL C12Y.

PHESS AETURN O PROCEEDI Y

3-~THLE INEHASIRUCTURE HAS AVAILADLE
SCIENSISIS, ENGINEEHB, AND OTHER
FROTESSLONALS BUT IMPORTS ALMOSY
ALL HESEARCI PHOFESSIONALS. PRIMARY
AND BECUOHUAKY ECHUOL SYSTEMS ARE
MELL DEVELOPED WITH  CENERALLY CooD
TEACHLHS A LOCAL COLLEGE MAY UE
AVALLAULE LESS THAN 23 PERCENT Of
THL FUPULATION FRIMAHILY DEPENDS aN
AGHRICULTUAE RELATEU ENTERFPRISE

FRESS RETURN 10 PHOCLELIMI
3~  LCOUNTLINUED

AN EXAMPLL 18 A LARGE BUYT [SOLATED
CLIY, POSSINLY A HEGIONAL CENTER
OF CONMERCE.

PRESH RETURN O PHOCEEO! !

- -THE JHERASTHUCTURL CLOSELY
HESEMBLES A LARGE CITY IN A
UEVELUPED COUNTRY SIGNIFICANY
PORTIONS OF THE PCOFULATION FINISH
TH IMAHY AHD SECONLANY HCHUOL
RESEARCH PROUFESSIUNALI ARE REAODILY
AVAILABLE ANL MIGH TECHNULOGY S8
ALSO AVAILAMLE. AN EXAMPLE 18 THE
HATDJONAL CAPITAL UF A DEVELOPING
COUNTRY .

PRESS HEITURN 10 FHOCLEDUGG

1--HUARAL VILLACE LEVEL

I--RUHAL T0WH OR EMALL €)Y LEVEL.
3--LAHGE HUF IJOLATED CITY LEVEL.
4--NATIONAL CAFITAL LEVEL.

IF YOU MeED O HEVIEW THE OEFINATIONS
FUOR THLSE LEVELS LHIER HLLP OTHERWVISE
ENCEA THE NUMBER WHICH HREPRESENTS YOUR
cHOtce; 2. L, 1, 2, ETC.

11

BAUKMA®T OFELRS IWO OP110NS FOR
CUNSTAUCTING RELATIVE CUBT RATIOY:

1- -t HEATMENT THAIN DAMA 8TURECDL

-69¢-



CEMPORARILY 8Y YOUR USE OF
HAPHAT

1---THEATHLNT THAIN DATA WHICH YOU
YOU HAD MAPHAS STORE
PERMLHNYANILY BY A FILE NAME.

ENTER THE HUNUEH WHICH REPREBENTS YOUR
CHUICE: 1.8., 1, 2, EWC.

L]

HAFPNAL WILL L HIGHT BACK

PLEASE VALTI MY
FREATHENS CRALH L

s u

k] Yu OPERATEION

A £ AND

< AL CAFIIML MAINTENANCE
€ HNULOGY RF CUST CcO8T

1 PFT.9EW. 88 1 .4 2 24418401
1 LAG.wsP 1 2.5 23 .424825¢

‘TUOXAL PHEBENT VALUE CUHST RArFIOs 30

PHESS RLIUMN 70 VHUCELD!I|
TRENTHENT YRAIN 2

s [}

k] Yu UPERATIUN

A El ANG

[ AL CAFI1IAL HMAIN1LENANCE
E FECHNOLUGCY RY COsE cosr

] CUMM . 8EW ] LI 4.743v94485
1 kC H 1. 131D 942492
3 IHHOEF 1 27 .8 243.2274 44
4 TY 83U 1 24 27 87.331712

3  CHLOR 1 13 5 34.4431827

TOTAL FHESENG VALUL CLO87T RATIU= 403

PHESS RETURN v PROCLEDY It
FJHEATHLNY THAIN 23

8 8

1 YU OPEHATION

A £l ANO

< AL CAPIUAL HAINTENANCE
£ TECHNOLUUY Hi Cusrl cosr

1 1 27.28 243 .22%844
1 1 24 .27 47 .3317313

FOTAL PREBENT VALUE COBT RATIUe 104

-0LE=



ERLSY RLIUNN 70 FROCEEDHIY
FREATMENS TRAIN 4

13 ]

1 YU OPERATIUN

A el A

[ AL CAFITAL HAINTENANCE
£ TECHNULUGY RT CUST COS(

1 ec 1 i1.19 1132.%2624793
3 ARG EXY 1 19.3%7 111.051424

TUTAL PAESENT VALUE CUST RATIOa 233

PRESS HEIUNN 10 PHOCELDIY
TREATHMUNT THAIN §

3 o

T Yu OPEHAY IUN

A £t ANO

< AL CAFITAL HALNTENANCE
[ TECHNOLOUY Ar COSTC cosr

L PeC 3ew. 38 12 4 2.24414401
3 EAL WSk 1 AR 25.49%402%4
3 CHLUR 1 13.3 S4.44231027

TOTAL FRLSENL VALUE COST RATIOe 98

PRESS HETUKRN TO ¢PRUCEEQI It
THEATHENT THAIN &

3 8

3 yu OrLCRATION

A 4 AND

< AL CAPLTAL MAINTENANCE
14 FECHNNOLOGY Rr COSC cosy

1 (44 ) 11.58 113.92482497)
2 TF .HH ) 18 84 173.2410804
3 CHLUR 1 13.5 44.48421827

A0TAL PRLBINT VALUL COST RAT10- 283

VRESS HESUHN 10O PROCEEDI MY
THEATHLNY JHAIN 7

8 [

k] yu OPEHATIUN

A £l ANY

[4 AL CAPLaAL HAINI LHANCE
£ TECHHOLOCY RI Cusf casr

1 PFr SeEw.58 1 -6 2.24518408
2 IRHOFF 1 340 2294894
3 [F.570 1 24.27 42.331212

A%



< CHLOkK 3 13.3 $3.794521 8
FOYAL PRESENT VALUE CO3T AATIOw 473
FHESS RLIUMN 10 PRUCELD? )
ALFERNATIVE CHEAMMENT TRAIN
IO0TAL PHLSLNG VALUL COSY RAID0S8

FTOTAL PRESENC

FREAIMENT VALYE
THAIN Cusy kavlo

1 au

z 803
) 404
4 z53
b s

é a3
7 7?2

URENS REMURAN 0 PRUCEEQ! ¢¢

BAFAAT HAS STURED YOUR TREATHENY ‘IRAIN
COSY HATIUS (N A FEMPORARY FILE ov
YOU WANY 10 SUORE THL DATA UNDER A
PERMENCANS FILE NAHE?

-YLS
-HO

-

LHIER THE NUHUHER WVHIICH KLPRLALNIS YOUH
CHOICcE; 1 £, $, 2, EFC

1
YUU HAVE CURPLLTED LHL COBT KA 10
SECTIUN OF MAPHAY YUU ARE HEADY O

PHOCELD MU ANUIHEH SECTION OF HAUMAT
YUU WILL 8L KREVURNED U fHE MAIN MENU.

PHESS RETIUAN 20 FHOUCELDLIVY

cLE-
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APPENDIX X

A LISTING OF THE
MAPMAT PROGRAMS



s
1 HEN HAPHAT . HELLO
2 HEM

31 KEM

20 cuvo 1voe
15 FOKk LOC =~ 776 10 7¥8: HLAL HY1E: POKL LOC.BY1E: NEXT

30 FUR 1 = 1 (U 14. HEAD P.D: PUKE 724.¥: POKE 777,0: CALL 778: NEXT

33 KErunn

100 DATA  255,255,172,48,19%.134,200,5,206,9,3,240,9,202,208,245,174,8,.3.76,10,3,v4
103 DAYA  202,72,192,72,182.72,132,72,128,72

110 LATA $72,234,102,156,1408,78,102,234,2372,234,142,234,102,13%6,108,78,102,234

190 REH

17 HEM

1v2 AcH

19y Hin

UHHOUTINES sSccl'ton

10  HEM

201 neE

wus TUR )} = 1 90 AG. HEXY . NUME : RETUARN

210 FRINY : PHINI “PHESSE RETUHN WHEN YOU ARE READY 710 *: PHINI "PHOCEED TO THE NEXT STEP.": INPUT ¥s: HOME : RETURN
220 FVR ! = 1 FU 3. CALL - 1039%: NEXT : RESFUHN

1000 HUNE

1001 US « CHRS ¢4)

1002 V'eAu 3

1100 FHINT EXC{ 14);"WELCONL™

1101 PRINT

e FRIMN) svCe 172,710

1111 PRIRE : PHINT . PRINT

111e HIAlL 16, INVERSE : SPLLDa 70: FLASH

1128 PRINT “HAPHMATL"

1122 BHBEEEDa 255 FRINY : NURMAL

1124 FRINF : PRHINT

11 30 PRINT SFCC 14);,"HUDEL"

1131 PHINT

1180 PRINYG  SFCC §7)"ANO"

AR PRIMT

1150 FRINY EPLL 13 "FROGHAN"

1131 PRINT

1155 FRIN bFCC 18);BY"

1154 PHINT : SPETO~ 33: INVEHRSE

1160 SITTAR 13, PRINT "CLYDE ARHOLD™

11740 GOsUH 25

$200 NOWMAL : SBPEELs 255:AG « [000: COSUH 205

2000 FRINC "MAYMAT REPRESENIES A PLANNING HUODEL =
1010 PRAINT “ENILIILELD MICKUCOHI'UTER ASSIBSTLD"™

2020 PRINE “PLANHING MODEL FUR THE SELECTION OF*
1030 FPRING “AVPLHROFRTATL TECHNOLOGY 1N WATLR®

2040 PRINT “THEATMENDT AND SANITATION.*: PRINT : PRINT
10%0 PRINGT “AS YouU USE RAFMAT YOU VWILL RESFOND 10%
2040 PRINT "OQUESIIONS UNTIL MAFMAT HAS SUFFICIENT™
1070 PHINT “IHIORNATION 10 PRRFURM THE INDICATED *
2080 PRINT “ANALYS1S. YOU WILL HE PHOVIDED wirn*
10v0 FRING “"SUEFICIENT INIGRMATION TG USE MAPHAT IN™
23100 PREINTK “AN INTERACTIVE MOOE; HUVEVER, YOUR *~
2112 FRINI “ANALYS1SE HAY S8E INFROVED BY CONSULTING*

A%



2120
1130
2140
1150
2140
22080
1810

PRINT
FRINY
PRINT
PRI
PHINT
GOsUL
PRINT

*rHE MAPHAT ITNSTRUCCION HMANUAL

. PHINT “A QUESTHION MANKX FOLLOWED UY A BLINKING®

“SQUARE: [ &., THE CURHOR. INOICATEY =

“PHAT MAFHAT 18 WALTING
*TO A QUESFION .

210

V3; "RUN MAFRAT.MAIN"

YOUH RESPONSE®

-GLlE-



FheU
1L 5T

1 REn HAPHAT . MAIN

2 REN
3 KEnm

20 GUro 1woe

190 HER

1v1 Hent

1v2  hen

199 REM

UHHUUFINES SECTIUN

100 kM

261 ReM

105 1UK 1 « 1 30 AL NLXY : HOME : RETURN

210 PRINLU : PHINE “PREDS HETURN (O PROCEEDI1™ - INPUT ¥s. HOME . RETURN

21% 1GR I = 1 fU Y. CALL - 103¥: FOK J = 1% 10 AF:AF = J » §.3: NEXT : MEXT : RETUHN
220 OB I « 1 §FO 3: CALE -~ 1039: NEXY : RETURN

1008 HOHE )

tu0s Ly - CHins <4

t100 HUNL

2400 FHINT “IHEHE ARE LEIGHT SECTIONS 270 THE MAPMAT®
2410 PRINS “MUOLL ™: PRINT

23420 NIAY 3@ PHINT “MAlNe mew)THE FRUGRAM WHICH YOU™
2423 PRINE ™ ARE CURRENYLY USING .

2430 FRINT “AV2IL.PLOCESS«)PETEHMINES AVAILABLE"

2440 PRINYV ° WASER ANUD/OR BANITATION™
2450 FHING ™ FECHNUEQGY BASED OUN DATA™
1160 PRINT WIICH YOU ENTER.™

1470 PRINT “CUs5T . AATIOus=a)HLELATIVE RANK OF COST.™

2480 PHINF “COHHUNRICATEmwa)TELECUNMMUNICATION LINK ~

i4vo0 rRiINT ¢ 0 CAPDET HMODLL ™

a3u0 PRINTF "SENSITIVIIY»au)dENSITIVITY ANALYSIS O~

510 RN MAUMAT CGuteul . >

aazo0 PRINY "OF1IMIZAT 10N« SLLECT TREAITHMENT tHALINS® . PRINT TAB( 14);"AND SET TREATHENT GUALS.*
1325 PRINT EFrECTIVENESSw) PEAFORN MULTE-OBJIRCCIVE”: PRINT FABC 16),"0N COST DATA *

avdo PRING TATISTICSmuwa ) HULTIFLE HECKESS LON™

2340 PHINF AHALYS1S ON DATA WI{ICH*"

2520 FRINY YOU ENIZH. ™

is00 Cusus 210
1L ve PHINT

1 fswsa)HAIN" . PRINT
2400 PRINC * 2 | 1 JAVAILIL.PRUCESBS": FRINT
810 tRING " 2 s leann)COST . HATIO" PRINT
24820 PRINT ~ ¢ . fs2un) CUMMUNICATE": PAINT
3
[
?

1630 PHINT fumue) SENSIVIVETY" . PRINT
2640 PRINTC . lemam)OPTIMLIZE" . PRINT

2443 PRING * L Mueww) EEFECTIVENESS” : PRINT

24350 PHINT » 8 fmuan)3CALISPICH", PHRINT

27060 FRINT . FRINT “CHIERt THE NUMHER OF THL PAOCRAM VHICH®
37210 PRINSC “YOU VANT fO USE {F YOU NEED TO "

1720 PHINT "HEMEAD THE PHREVIOUS LESCRIPTIUNS TYPE™

2730 PHINT “NELP AND PHEHY RECURN. IFf YOU ARE DONME”: PRINT “UBINC MAPHAT ‘TYPE END AND PRESS RETURN. =
3740 INPUT AAS. 1P AA% = “HELP™ T1HEN HOHE : GOTO 2300
2745 1f AAS » “END" COTG 2900

3747 AN - VAL «AA®?

37.0 I AA ¢ ¢ OR AA ) 7 TMEN GCOSUL 220. HOME : GO10 25Yv0

T AN



27290
2810
2820
3830
2840
2841
830
2840
1870
2880
700

UN AN
UHING
PRINC
PRINT
HoONE

PHRINC
FHINY
PRINE
none

GOYy 2810.2820,
LS "EUN HAPHAY .
0$; “HUN HAPHAY
D3, "HUN HAFHA
FRINT “INSER1
U, “PRE&™
D6, "RUN MAPHAT .
D3, “HUN HAPMAT
PRI " IHSORY

2830,2040,2830.,20840,2080,287¢

MAIN"

AVALL"

LG8~

YUUR COMHUNICAT IONS SOFIWVAHE AND": PRINT “PRESS RETURN."
BENSITIVITY™

UPCIMIZES
YOUK STATISTICAL BOFTWARE AND™: PRINY “PHESS ATLTURN.“: PRINT PRINT DS;"PRI&™

PRINT U%;"RUN HAPHAC.EFFECTIVENESS”

ENL

=LLE-



1rnen

EISE 14
[T HARHAL .AVAIL
10 GUSC 33008
100 Kin LATA BTATEMENTS
105 DATA  VIPL,VIUPL,ROKC.ST,OVCT
104 UAIA  PIT.PFI.SEW.8B.FF1.51.AP,AF.BULLACY
107 UAIA  AP.SEV.S4,VEC,COMN,CUNH SEW,AC
108 UAIA  LAG WSF.TC,.HKTC.VC.80WLLS
109 UATA  BULAG,A.LAG.SXF,CHLOR,LT,RBC
$10  LAYA  AB.IF.STD,1F.HK.IMHOPP ,NT
111 OATA  #F.86F,ARF,CHLOR,TAD
112 DATA  DEILY,CFILY,B80FT.USALTI,D8ALY2
100  KeM BULROUTINES
103 PRINT . INPUF TPRESS RETUAN TO PAUCELD!I1*:AAS: REFUAN
310 FOR 1 « 1 90 3: CALL - 31039: NEXT : RETUAN
215 PAINT
316 FKINI “ENVEK THL NUNMBLR VHICH REPREBENTS YOUUR“: PRINT “CHOICE, I E., 1, 2, ETC.":
217 AA = 1000 I¥ AAS = =3~ OR AAS & “23" OR AAS = “3% OR AAS = 4" OR AAS = ~3% OR AAS
2119 RETURN
2110 PRINT  1AMC 3);%0-- UNAVASLABLE®
323 PRINT  TASC 2 AVAILABLE": RETURN
230 FUK ) w AD TU AC:AISCI ALY = “X“:ARGI) » 0: NLXT : REIUAN
233 PRINT : PRINF (ABC 33);“3223222332332333337. PRINC TAHC 32):~13345678%03224362%:
237 TFUR J = A 10 AC
239 FHINT AJCOD ALOCIN; TAMC §2);A30CI.31),A8CI,22)5A30(J,33),A20CT,243,A38C,33);A38
)
181 PRINT A3SCJI, 030, A3010.320:A3803,33);,A38(J,342,A30¢J.33);:A34¢0,347;A30¢0,27)
243 4¢ ASS(J) » “PFT.BF* THEN GONUM 233: HOME : RECURN
IF AL$(J) e “LAG.WHP~ THLN GOBUE 333: NONE : HWETURN
1€ AIS(J) « “Lr" THIK COSUB 3133. NOME : REFURN
11 AIS(J) = “BSF~ THEN GOSBUB 333: HOME : RETURN
NEXF o
ALTURN
FOKE 34,14: PUKL 33.11: PUKE 33.29: HOME : PRINT ™a e=: PRINT ~* av:
TO  #%: PRINT “SPAUCETQ) *° .
PRING “e .e
INFUY “easmssesss< Ap9: PUKL 33,40: POKE 32,0 POKE 34,3: RETUAN
HOME : PRINC “THE PROCRAM MUST BET DEFAULF VALULS FOR“: PRINC “SEVERAL VARIABLES.
FRINT “IN A HOHINT.*: PRINT : PRINT : PRINY TABC 18);:"PLEASE WAITII1*: RETURN
RE CURN
HEM UULS1 10N SUBROUL INES
3103 HOME : PRINT “UUESFION 1:. PRINT . PRINC “WHAT 18 THE POPULATION DENSITY~: PRINT
110 CRINT “HECTAKS) IHLRE ARE THREL FOBBIBLE “: PHINT “ANSVERS:“: PRINT : PRINT TAS(
343 PRINT LABC 2),“3-~---~ POP. DENSIFY €= 600": PRINT TAB( 2):"3--~--- POP. DENSITY
320 LOSUE 2313: I AA ¢ 1 Ok AA ) 3 THLN COSUE 210: CO10 303
433 A2(13 = AA: RETURN
3130 MUME : PRIND “OUESIIUN 2:~: PAINT : PRINT “WHAT LEVEL OF WATER CAN BE EXPECTED AT
333 PAINT “FHE LUCAL WITE IN LITER3 @EN CAPICA PER": PRINST “DAY (LPCD). THERE ARE BIX
140  PHINT "ANSWLRS:“: FRINV
343 FHINI  VABC 32;%)e---o- LPCD ¢ 4.3%: PRAINT TAB( 3);"3c--ce- LPCD )a4.5 AND ¢ &~:
350 PRINT TABE 32,“4=--~c- LPCD Hu33  AHD ¢ 273"
335 PHINT TABC 3);"Sec--c- LPCD )8?3 AND ¢ 330%: PRINI TAB( 3);%é--w--- LPCO >a2S0%
240 COSUS 213: IF AA ¢ ) OR AA ) 4 THEN GOSUB 210: COTO 338
36D A2C2) = AA
370 ¥RINI : PHINT “DO YUU LXFECT LOCAL WAIER DISPOSAL IN“: PRINT “THE BANITATION TEGHN

JNFPUT AAS

= "4% OR AAS = “0" THEN AA =« VAL C(AASY

PRINT “emecmmeonn

C3,362:A2800,27),A38C0,28);A38(J,392:A2040,20

PRINT == FREES s*: PRINT “* REIURN *~: PRIN
NAPHAT WILL BE HACK"

“AT THE LOCAL 8ITE IN PLOPLE PER~

3)i“1-==--- POP. DENBITY (= 300

» 400"

rOBSI1BLE *

PRINT TANC 3);%3-ww--- LPCD I=é AND ¢ 33w

OLOGY TO 8& GRECATER™

-8L¢-



373
3s0
183
10
303
400
403
0o
“us
420
s
430
33
]

143
oo
133
4“o
“3
@7
473
"o
LT LY
420

3
w00
303
o
313
320
33
320
533
340
542
330
323
340
343
s7a
73
360
s
sr0
393
00
603
a0
413
420
23
430
a3
640
43
430

PRINT “THAN 10 LPCO? ENFER Y FOR YE3 OR N FOR™: PRINT “NO.“: INPUT AAS: IF AAG = “¥* THEN AL1(12) e 0:A38(13,2) = “E~: RNTUNN
1l AAS « "N THEN HKLIUKN

CusUd 210: COTO 370: RETFURN

NOME : PRINY “QUEBTION 3%: PRINT “CAN THE LOCATION 811 OF THE SELECTED“: PRINT “TCLCHNOLOGY BE EXPECTED TO PROVIDE BAPE“
PRINT “0IBUQIAL OF S8LUBCE THAT MICHT BE >: PRINF ~GENERATED? THERE ARE TWO POSSIDLE “: PRINT ~ANSVERS:*
PRING @ FRINT TABC 3);%3--o--- YL8“: PRINT TABC 3);"3--=w-- NO®

CUBUB 213: If AA ¢ 1 QR AA ) 2 THER COSU3 310: COfO 298
A3C3) w AA: HEIUKN

HOML : FKINT “QUEBTION 4:%: PRIN1 : TRINT “DOES THE LOCAL S317E PROVIDE A BEWACE“: PRINT “CONNECTION? THEAK ARE IVO PUSSIBLE®
PAINE “ANSWELRS:“: PRINC : PRINE TARC 3);"3-c-cac YES™: PRINL TAB( 3);“3-=-v-- NO®

CuSUL 215: IF AA €t OR AA ) 2 THEN GOSUE 210: COTO 4%

A2(4) = AA: RELNURN

HOME : PHINY “QULBTIION 3:%: PRINT : PRINT “DOLS 1HE LOCAL A1TE PROVIDE ADRGUATE,": PRINT “AND BAPE, BULLAGE DISPOSAL AT THE ~
PRINF “PAESENT TIME? [HERE AAL WO POSSIBLE“: PRINT “ANSUERS:*
INT @ PHINY VARG 3);%1--=cv= YEB%: FRINI TABC 3);"2-cenew NO*

COSUS 213: 1F AA ¢ 1 OA AA ) 3 FHEN COSUB 210: GOTO 433
A2(3) =« AA: REIUAN °

HOME : PRINS “QUEBSION é:%: PRINT

PRINY “CLRIAIN BANITAYVION TECHNULUGIES USEC TRE“: PRINT “CROUND AB A SOAKAWAY FOR LIOUID™

PRINT “LFFLUENT. 1N GENERAL THX HEIGHCL OF TIE“”: PRINC “GROUNDWATEN MAY PRESENT PROSLENS 1Ff THE®

PRINT “BUAKAVAY VILL LEACH INTO 1HL LOCAL“: FRINT “GROUNDVATER. S8OIL CONDITIONS WILL

PRINT "OCFSANINE THE CRITICAL HEIGNT OF THU": PRINT “CAOUNDVATER. FOR LOCAL CONDITIONS DO~

PRINT “YOU EXFECT GRUUNUDWATER CONVAHINATION®: PRINT “TO SE A PROSLEN? THERE ARK TWO POSSIBLE"

PRINT “ANSVERS:*

FRING 0 FNINY  TAMC 3);%1----v- YES": PRIN1 TABC 3);“2---c-u NO™

CONUR 213: IF AA ¢ 1 GR AA ) 3 THEN GOBUM 210: GOIO 433

A2¢4) = AA: REIURK

HOME : PRINT “QURESTIUN ?:%: PRINC

PAINT “VHAY 1TYPE OF VATER CONNEC1ION EXISTS, “: FRINT “OR VILL EXI8T, AT THE LOCAL 8ITE?~

PRINF “[HERE AHR FOUR POSBIDLY ANSWERS:~: PRINC

PRINT  1AMS 3);"f-c-ec- NONE™: PRINT TAB( 3):%2.—--c. STANDPIPE IN NEIGHEROHOOD™

PAINT TABC 3);%9---—-— YARD CONNECTION®: PRINT TAS¢ 31;"€--~-- HOUBE CONNECTION-

GOSUD 333: IF AA 1 & UR AA ) & THIN COSUB 310: GOTO 303
A302) = AA: REFUNNR

HOML : FRINY “QUESTION PRINT

PRINT “CENIAIN BANITATION TECHNULOGIES WILL *: PRINY “NOT TOLEAATE ANAL CLEANSING MATERIALS®

FRIRT “WHICH WILL NDf £ASILY DECOMPOSE OR™: PRINT “WHICH MIGHT CLOG THE DIBCHARGE PIPE.-

FAINY “IN GLENERAL SUCH MATEHIAL AS GEMENT (OR™: PRINT “OTHCR HEAVY) SACKING, CORNCOBS, *

PAINT “MUDSALLS, EfC.. WILL INPEDE THE PROPER™: PRENT “OPERATION OF SEVERAL TECHNOLOGIES. Afr-

FRINT “iHL LOCAL DESIGN SITE WOULD YOU EXFECI™: PRINT “1HE ABOVE MATCRIALS TO BE USED AS ANAL"

ERINE “CLCANZERSY SHYRE ARE IWD POBSBIBLE “: PRINT “ANSWERS:*: PRINT

PRINT VABC 3);™)-~-o-c YLB“: PRINT TABL 3);%--ew~e KO

COSUB 213 1€ AA ¢ 1 OR AA ) 3 THEN COSUS 210: GOYO 348
AZLA) « AN

FRIN: : FRAINT DO YGU LXPECT WATER TO BE USED AS AM “: PRINT “ANAL CLEANSER?! THERE ARE™

FRINC “TWO POSSIBLE ANBVEAM:®

FRINT : PKINT ABC 3);“l-w--a- YES": PRINY TTARL 3)3%3e-cemn HO™

GOBUE 213: Iy AA ( 1 OR AR ) 2 THEN GOSUB 210: GOfD 37¢

12 AA o 1 THLR AL1(3) = 0:A36¢3.8) = ~X=

AEFURN

FHINT “QUESTIUN 9:": PRINT

“AUML BUCIKLIIZA WILL NOT FECL AT CASE ~- PRINI “WITH A SANITATION TECHNOLOGY WHICH *
PRINF "PERMILS THE PREBENCE OF VIBIALE": PRINT “LICAETA. WOULD YOU BAY THAT THE LOCAL~
PRIN1 “PUFULAITON WOULD NOY BE CLIKELY 20 USE™: PRINI “A THECHNOLOGY WHICH, AS A MATTER OfF™
PRINC "OPELRATION, EXPOSED ESCRETA TO VIEW?™: PRINC “THERE ARE TWQ POSSINLE ANSVERS:*

FRINY : PRINT AN 3);%le-c-ece YEB™: PRINT TAB( 3);%“3~eveae- NO”"

GOSUS 313: IF AA ( 1 OR AA ) 32 THEN GOJU¥ 210: GOTO 628

-6LE-



Y

440 HUME : PRINS “QUEBTION 10:*:

“we

470 PRINF "FLIEY UNLESS AN INHIHITOR 1B UCILIZED™:
473  PRING “FIDFLE. THE INHIBITOR COULD BE EIIHER™
473 PRINT "CHEMICAL OR A HLCHANICAL DEVICE OF ~: P
430 PRINYT “YUU LXPECY THL LOCAL USBERB, OR *:

483 FRINF “OF AN INHIBITUR? TIER

690 FRINY : PRINYT 7TAKE 3D, "i--e--- YEB®

ar3

100 A2(10) = AA: REIURN

703 HOURE : PAINF “UUESTION 1t

210 ¥RIN1 “HUMUS PHOUUCLD IN COMPOBTING ACY1IVIIY™:
7t3 PRINT “THEXRE (B NOT REAISTENCE TQ THE USE Of%:
720 FRINT =WUULD YOU EXFEC1 1jit LOCAL POPULATION":
725 PRINT “FHERE AAE (WO POBBLELE ANSVWERA:~

730 PNINY : BFRINT TAMC 3);

713

740 AZ(31) = AA: REIURN

743 HOHE : PRINT “QUESTION 313:%:

0

733 PAINT “LEvEls:

740 PRINT A8 2)

763 PRINT Tast 2

70
7¥3  PRINT : PAINL TABL 2).%1---

-+ H1GK"

200 cusSUB 2t3: IF AR ( 1 QH AA )

AZ(Y) « AA: REIURH

PRINT

YRINYL “SIVERAAL 1ECHNOLUGIES MAY FHOVIDE A COOD": PRINT

“BRESDINC SPOT FOR MOSAUITOLS AND/OR™
JAINT ~8Y THE UBSER ANOD/OR THE MAINTENANCE®

RINT “HIMPLE DESIGH S8UCH A8 A COVER. VOULD*

E ARE WO POJSSIALE™: PRINT

: PRINI  TABC

GOBUS 213: Iy AA ¢ 1 OR AA ) 3 THEN COSUS 210: COTO 44

FRINY “CEKTAIN YECHNULOGIES REQUINE UBER ~: PRINT

PRINT

1-ms—== YEA™:
COAUR 213: IF AA ¢ L OR AN ) 3 THER GDSUB 230:

PRINT

PRINT : PRINT Tagi
LOWa)VERY LOW ¢ UISRUPY PREVENTATION":
"HICH=)INEDIUN + MAINTENANCE/OPERATION™:

FRINT TA8¢ J);
COTO 703

PRINT “MAINTENANCE FEOPLE, TO REBIST THE USE"
“ANSVERS : =
3)i%2-e—-=u- NO™

PRINT "HAY BE USED A3 AN ORGANIC FERTILIZER IF*™
PRING “THE HUNMUB OR THE HAHDLINC OF THE HUMus .-~
PRINY ~TO RES1ST THE UBE OR HANDLING OF HUMUSt“

~ No*

“TRAINING AT ONE OF THE FOLLOVING®

2),"VERY LOW.)IBASIC USE TRAINING REQUIRED"
TABC 2).“MEDIURILOV + USE/DISEASE TRANBMITTAL®

PRINT
PRINT

FRINY “WHICH OF 1HL FOUR LEVELE BESY DESCRIPE™: PRINY ~"LOCAL TRAINING AVAILASILITY?"

403 A2C13) = AA: RETURN

a0
920
0323
0o
s
"o
43
LEY

HOML : ¥RIN1 "GUESTION 13;:-:

- VERY

4 THEN

PRINT

Lov": PRINT TAR( 21

GOSUR %10:

COTO 2743

riv2

LOW=: PRINT TAB{( 2),"3~--=a- HEDIUR™:

PRAINT "CRITJCAL 70 1HL SUCCESSFUL OPLRATIGN QF~. PRINT “HANY 1ECHHOLOGIES 1S THE LEVEL OF LOCAL~
PAINT "INFRASTRUCSURE: J.E.,LOCAL NETWORK OF *.

PAINY “OF THE FOLLOWING 1HREE LEVELS HEBT™:

PRINT : PRINE TABC 2);%J---

PRINY  JAHC T1;"3~-- HEUIUR=)IPART-IIME CROUPIPERBUN":

PRIWY

FRINT “SUFPORI FOR DEVELOPMENT. WHICH™

LOWIUSER CAN MAINTAIN®

PHINE TAMC 23).%3--~ HICH«)FULL TI!HE CROUP/PEASON™: PRIN
GUSUU T13: IF AA ¢ 1 OR AA > 3 THEN CGOBUE 210:

833 A2¢1T) » AA: RETUAN
%o
s

7o

$OME . PRINT “UULSTION 14 THR

OULH 1?2

PRIN1

PRINF “LABOR IS HEQUIAED FOR T[HE CONBTRUCTION“:
PHINY “MAINIENAKHCE OF TME TLCIHKOLOCIES. THERE™

PRINT “ANALYSI8:*: PRINT
FRINY  TABE 3);*UNSKILLEDwe

«) CONHU

N LABORER™

coTo 810

“DEACRIBES THE

r =

PRINT TABC 2);"

LOCAL BITE?™

REQUIRED TO MAINTAIN™
REQUIKED TO MAINTAIN®

PRINT “AS WELL A8 THC OPERATION AND ~
: PRINT “ARE FOUR TYPES OF LABOA IHCLUDE IN THIA™

PRINT “TAS( 2).°8 NIEXILLEDwws) PLUHMBERE HELPER™

FRINT fABC 3) "S8KILLEDaneuaca) LXPERILNCED

PRINF (AdC 3) ;“PROFEABIONAL=w) ENGINEER®

PUKE 34,13: REIUAN

fiut o FRINT “GQULSTION 1
PRINF ~CUNBTAUCSIUN LABUR AT
Gtusua 220

CUSUD 31%5: IF AA € O Ok AA )

A2C14) & AM

HOnE : PREINT "QUESIION 13:".
FRINC “CONSTRUCTION LABOA AT
GLSYE 230

WUBUBR 233: IF AM { O OR AA )

740 AJLIS) » AM

PRINT
‘fHE LucCh

1 THEN

PRINT
THE LUCA

I THEN

PLUNBER"

FRINT “UHAT 18 THE AVALILABILITY OF UNSKILLED™

L BIFEP":

cugus 210:

PHINT

coTe 710

FRINT "WHAT 18 THE AVAILABILITY OF BEMISKILLED"

L BITE?"~:

cosuva 210:

PRINT

COTO 7490

PRINT TABC J32;:%¢-- .~
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”ms

190

”we

ta00
1903
1010
1013
1020
1023
1030
103y
1040
1050
1053
1060
1043
1670
1073
ieeg
1043
10ve
10?5
1100
1103
[ERY]
1113
$120
1133
1130
1133
1148
1143
1158
1340
1165
1170
1180
103
13190
1193
1300
1205
1210
1213
1210
1213
sz30
1233
1240
1243
1238
1233
12¢0
1243
1287
1210
1273

HOHML : FHINY “UUESTIUN (4:%: PRINT : PRINT "UHAT 18 AHE AVAILABILITY Of SKILLED™

PRINF “CUNATRUCTIUN LAHOR AL THE LOCAL StTE?~: PRINT

GUSUB 120

CUBUN 213: IF AA ¢ © OR AA » 3 THEN GOSUB 210: GOTO ¥83

A2L163 AR

HOME : FPRINT “UUESTIUN 17:%: PRINT : PRINT “UHAT 18 THE AVAILABILITY OF ~

FRINT “CUNB(RUCTION PROFSBBIONALN AT THE BITE?>: PRINS

GOSUB 220

CUBUD 215. IF AA ¢ O UR AA 3 1 THLN CGUSUP 210: GO10 1010

A2C17) = AA: FEXS . RETUAN

HUME : PKINY “QULSYTION 18:%: PRINT - PRIN1 “WHAT IS THE AVAILARILITY OF UNBKILLED™

PHINT "OPERATION & MAINCENANCE LABOR LOCALLY?™: FRINC

GOLUB 220: GUSUR 315: IF AA ¢ 0 OR AA > 1 IHEN GOSUR 210: GOTO t033

AZC1I8) = AR

HOME : FRINT “QUECSTION 319:%: FRINI : PRINY “VHAT 18 1HE AVAILABILITY OF BEMISKILLED™
PAING “GPERATION & MAINFEMANCE LAGOR LOCALLY? PRINT

GUSUS 220: GUBUB 213: 1f AA ( 0 OR AA ) 3 1HEN GOSUB 210: GOTO 1040

AZCLPY ~ AR

HUME @ PRINT “UULATION 20:%: PRINYT : PRIN1 “UHAT I8 THE AVASLARILITY OF BKILLED™

PAINT ~OPLAATIUN & MAINIENANCE LAWOR LOTALLYY“: PRINT

CUBUH 220: CUBUB 213: 1§ AA ¢ 0 Ok AA } 1 THEN GOSUS 210: GOTO 3080

A2(20) a AM

HONL : CAINT “"QUESTION 231:%: PRINY : PRINI “VHAT 18 THE AVAILABILITY OF O&M“

PAINS “PAOFESHIUNAL LABOR AL THE LOCAL BIfE?": PRINT

COBUS 320: LOUAUM 283: I¥ AA ¢ O GR AA ) 1 THEN COSUB 210: GOTO 1100

A2€231) = AA: TEXT : ALTURN

HOML : FKINT “QUESTION 213 THKOUGH 24:%: PRINIT

PRINT “THRCE TYPis OF EQUIPMENF MAY $E“: PAINT “REQUIAED FOR OFPERATION AND MAJINTENANCE®
PAINT “ALIIVIIY PRINT

FRINF  TABC 3):*ELECTRICAL ECOUIPMCNT: E.G.., A MOTOR,~

YHINYT  TABC 20 :"LABUWALORY EQUIPHENT: £.G.. A BALENCE.™

PRINE TANt 3);~ELECTRONIC EQUIPMENT: £.C.. A CONPUTER."

FOXE 34.11

HOME : PKINT “QULS1ION 23:*: PRINI

PRINY “DD YOV RAPECT ILECTRICAL EOUIPHMENT 10%: PRINT “NE AVAILASLE VITHIN 24 HOURB IN THK ™
PHINT "OLSIGN ARZAT": PRINT

COSUb 330: GUBUK 213: IF AA € 0 UR AA » | THEN COSUS 210. GOTO t140

A2€22) w AA

HOML : PRIN1 “GUESTION 23:%: PRINT

PHINY ~“DU YUU EIPECY LABURATORY EGUIPHENT TO“: PRINT “BE AVAILABLE WITHIN 24 KOURB IN THE®
PRING “OESIGN AHEAYT": PRINT

GUSUB 220: GCUSUB 2t3: IT AA ¢ @ UR AA } t T1HEN GOUBUR 210: GO0 1390

A2023) = AA

KUBE : PRIN1 “QUEBTION 24:°: PRIN)

FRINT DO YUU LXFECY LLECTHONIC LOUIPHLNT TO": PRINT “DE AVAILABLE VI1HIN 24 HOURS IN THE®
PRING ~DESICH AREAI™: PRINS

GUSUD 220: GUSUL 335: If AA ¢ 0 OR AA > § I1HEN GCOSUB 210: COTO 131$

A2(26) w AA: TEXYT : RCIUAN

WUME : PRINYT “UULS1ION 35 1HROUGH 2
PRINT “FOUR FYPi8 OF BUPPLIES MAY 8L
PRINT “ACTIVITY:*: PRINT

PRINT rAB( 2),~CHEMICAL SUPPLIES; E.G., CHLORINE.®

FRINT 1AUC 2);"PKOCESS SUPFLIES; E.G., PIFLC,”

PAINT  [ASC 2);~OPERACION AND MAINTENANCE BUPPLIES; *: PAINF TASC 2):%E.G.., PAINT.=
PRINGT TAB( 2);“LACUKAIORY BUPPLIES: E.C.. 1E87 TUBES PRINT

PUKE 34.12

HUNE . FRINT “QUEATION 23:%: ERINV

@ PRINY
PRINF "REQUIREO FOR OPERATION AND MAEINTENANCE"
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1280
1283
1290
1293
1us
1303
1110
1313
t320
13128
1338
3333
1240
13¢3
13%0
1359
1340
1343
1320
1380
129>
1293
1400
1403
1e10
1413
1914
1113
t1ez0
1423
1430
1433
1440
1445
1448
14947
1430
1433
1140
1943
L443
470
1473
1490
[RTE]
ievo
1493
1500
1303

L10
1313
1529
L33
1330
1233
1340
1543

PRINY “0O YUU FXFLCY CHEMICAL SUPPLIES 20%: PRINI “HU AVAILABLE VITHIN 24 HOURS IN THE *
PRINC “DESICH AREA?“: PRINF

GOSUL 320: GUBUD 3} If AA 2 0 OR AA 7 1 THEN GOBU@ 310: GOTO 1175

AZE23) = AR

NUKL : PASNY “UUEBTION 34:~. PRINT

PRINT “ULO YOU EXPLCYT PRUCESS AUPPLIES 10%: PRINT “HE AVALLABLE WITHIN 24 HOURS 1IN THE®
PAINF “DEBICN AREA?“: PRINT

GUSUL 220: GUBUM 283: LY AA ¢ O UR AA > 3 THEN GOBUS 210: GOTO 1300

A2(263 o AA

HOML . PRINY "OQUEBIIUN 37:%: PRINT

FIINT “00 YOU LXIPECT OPERATIGN AND MAINTENANCE#: FRINY “SUPPLIES TO @5 AVASLABLE WITHIN 34 -
PAINT “HOUR3 IN THE DESICN AREAP“: PRINT

GUSUM 220: COUBUB 213: IF AA ¢ 0 OR AA 3 1 THEN GOBUB 210: GOTO 132%

A2627) = AM

HOME : FRINY "OQUESTION 28:%: PRIN

PRINT ~UO YUU EXPECT LANOKAIORY BUPPLIES TO“: PRINYT “BE AVAILABLE WITHIN 24 HOURS IN THE™
PRIMT ~OEdIGN ABCAT=: PRINC

LOSUM 220: GOBUB 215: IF AA € 0 OR AA 2 1 1HEN GOBUB 21¢: GOTO 1330

AT¢Ze) = AN: TEXT : RAUTUAN

HOML : FHIN1 “QUEB1ION 29 ARD 30:~

PRINT “IW0 1YPES OF ENERGY MAY @K REGUIRED“. PAINI “FOR OPEAATION AND MAINTENANCE ACTIVITY:™
PRINF “£LECFAICAL ENERGY ANO OTHER EMCRGY™: PRINP “S8OURCES BUCH A% DIESEL, CASDLIRE. ETC.*
FRINT “IHERE ARE FOUR LEVLALS OF SUPPLY “: PRINT “AVAILIBILITY: NONE. LOW. MEDIUM, HIGH."
POKE 34.9

HONL : FRINT “UUESTION 3 : PRINT : PRINY ~FOR ELECTRIGCAL ENERGY THE LLVELS ARE *

PRINT “HMEABURED (N PUMPING CAPACITY OF CALLONB“: PAINF “PTR MINUTE (GPM) OR PER DAY (GPD)
PHINT TAUC 2);~0--~NUNE....RANGE: HONE OR LIGHTS ONLY"

PAINT  TABU 23;°1---LUV.....RANGE: 700(m GPM°®

FRINT TAbC 21;°2---HLCDIUM. RANGE: 7004 GPM ¢ 10,000~

PHING  CABL 20;~3 ICH. . RANGE. GPM ) 50,000 OR™: PRINT TAH( 2);% GPD d= 13 MILLION®
FRINT : ERINT “WHICH LEVEL INDICATES 1iE LOCAL RITEY®

CUBU@ 216: I¥ AA ¢ O OR AR 3 3 THEN CGOBUS 210: GOTO 1409

A3(29) « AM

HUME : PRINV “UUEBTION 30:™: PRINY PRINT “fOR OTIER ENERCY THE LEVELE ARL™

PRINT “MSABUNED AS TREQUENCY OF UBE FOR™: PRINT “VECHICLES OA FUEL POVERED MOTORS: -

PRINT

PHRINT : ER3NY  TAM( 3);"0-~-NONE... . NO OR VEAY LITTLE UBE™

PAINT TABC 3).%1---10W.. . WEEXLY OR INFARLQULNT uUSc* .
PHINY  1AN¢ 3):“2---MEDIUNM. .DAILY UBL CR PART-TINE"

PRINT  fABC 371."2---HIGH. .. FULL-TIME U3E . "

BRINY : PRIN1 “1I0V WUULD YOU RAYE THE AVAILABILITY OF“: PRINT “JUEL FOR UASE AT THE LOCAL BITEr"
COo3Ud 216 I¥ AA ¢ @ OR AA > 3 THEN LGO3UN 2310: COTO 3443

A3 =« AA- IER3 . REIURN

HOHE : PRINF “OQUESTION 31:*: PRINT

PRINT “LANU 18 A WLCEBECAKY PART OF ANY VATER®: PRINT “SUPPLY OR SANITATION TECHNOLOCY. THREES"
PRINT “LEVELS OF LAND AVAILABILITY AHE USEOD (N": PRINT “THIS ANALYSIS:": PRINT

PHINY  TABL 2):"f1--LOW--nmn AVAILAGLE ACRES (= 1"
PRING  FABC 2);"3--MEDIUM-- .1 ¢ AVAILAULE ACRHES ¢ -0
PRINT  TAHC 2);:"3--HICH---~ AVAILABLE ACRES Ja .5

PRINF : PRINT ~ON A PER CAPITA BABI3 WHAT I8 THE LAND™: PRINC “AVAILABILITY AT THE DEBICN BITE?P~
FPRIN1 : GLOSUB 213: IF AA ¢ I OB AA ? 3 YHEN GOBUR 2310: GOI10 1473

A1¢31) = AA: RETUAN

HOBE ; PRINT “UULBTION 32:":. PRINT

PRINI “OHCANIC CUMPOAT ING MATERIALS SUCH AS*”: PRINT “STHAV, LEAVES. ETC.. ARE REQUIRED FOR™
PRINE “CRRCAIN BANIFATION FECINUOLOGIES DD". PRINC “YOU CXPECT ADEOUATE AMOUNTS OF THESE™
PHINS “T/7FL MATLRIALS 10 BE AVAILABLE AY THE™: FRIN1 "DESIGN SITE?™: PAINT

Cos3Ud 2329: GOSUSB 213: 1T AA ¢ Q OR AM )} )} THEN GOBUD 210: COTO 1320

A2¢32) = AA: HEVURN
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13350
1958
1540
1543
1520
1273
1380
15853
1300
1393
1400
1401
1403
1610
16313
1430
1813
1630
1833
1640
14e3
1830
1432
1633
1640
t6as
1670
1473
1600
1683
ie20
1495
1700
1703
1710
1718
1220
17313
17220
1733
1740
1745
1739
$73>
1vys
21000
3010
2013
10z0
1023
1030
2033
1040
045
20350
1033
1040

NOME : PAINT “UUSSCIUNS 33 FHROUCH 33:": PRINT

PHINT “CERTAIN 1ECHNOLOGIES MAY BE HAZARDUUS™: PRINY “TO LOCAL HEALTH $F PARTICULAR *

PRINSF “CUNOYFIUNS ARE MET. IN GENERAL THE ": PRINT “CONDITIONS RELATE THE SPREAD OF A *

PRINT “LISEABE 70 TAVURABLE CONDITIONHE “: PRINT “PRODUCED 0¥ A TECHNOLOGY. THERE ARE *~

PRINF “THREE MAJOR AREAS WHICH RILATE TO ": PHINT “HELALTH CONBTRAINTS ON TECHNOLOGY: HEAVY™

FRINT “HLYALS . INSECIB, ANU HELMINIHS.™

PUKE 34,2: cO3vVE 203

PRINY “UULZ1ION 33: *: FRINY

*00E8 (HE LOCAL POPULATION CONSUNE *“: PRINT "PARTIALLY CUOKED MEAT AND ARE MELMINTH=
© "HELATED DISLASES WHICH AHE TRANSMITIED®: PRINT “BY FOOD CONBUMPTION;, € G., *

PRINT “CLONURCHIOUS8IS AND DIFHYOSUTHRIABIS =

rHiNY “PRECVALENT IN JHE LOCAL AREA?™: PRINY : PHINT TABC 4);“l-ce--- YES": FRINT TAB( €);"3-ca-

CGUBUS 213: (F AA ¢ 1 OR AA > 2 THEN GCOBUM 210: GOTO 13603

A3¢3I) » AA: HLIUVKN

HOME : PRINS “QUeRIFION 34:": PRINT

FHINT DO 2L WATLR TAANSMITTED HELMINTH »: PRINT “DISEASES SUCH AS SCHISTOSOMAISIS RXIS8TS™

PRINT "IH FHE LOCAL AARAT“: PRINT

PRINT IABC 4):™)eec—e- YES™: PRINYT TABC 4);"3-cccoo NO*

CUSUB 215: IF AA ¢ 2 OR AA 3 3 THFN GONUA 210: COTO 1613

A2(34) « AA: REIUHN

HUNe : PRINF “UULSCION 33:

- NO*"

: PRINS
FRINY “LO IHE SO01L THAREMITTED DIALABES SUCH™: PRINT “AS ABCARAISIS EXIST IN THE LOCAL AREA?™: PRINT
NO*®

PRINT FANC 4);"l-ee-—-- YE3*: PRINT TAB( 4),%“3--c---

GUSUL 215: IF AA ¢ 1 OR AA 2 3 THEN GOSBUB 210: GOTO 14643

A2¢33) = AA: FEXF : RETURN

HonL : PALINL “QULESTION J34:~: PRINT

PRINT “SEVLRAL TLCHNOLOGSES MAY PHOVIDE A *: PRINY “FAVORABLE MABITAT FOR THE BREEDING OF*
PRINS “INSECTS WHICH AHE VECTONS FOR MANV . PRINT “DISEASES SUCH AS YELLOW FEVER, MALAHIA,*
FRINT “E3C. 7IHESK DISEASCS MAY BF TRANSHITIED": PRINT “BY INBECT BITES OR BY THE INBECT HAVING”
PRINE “CONVACS WIfH A HUMAN®S FOOD OR BODY “: PRINI “1f LOCAL CONDITIONS PROVIDE A FAVORASLE"
PRIKT “HABITAT TOR INSECTS THEN CENTAIN *: PRINY “TECHNOLOCIZS MAY LNHANCE THE INSECT™

PRINT “POPULATIUN. 00 YOU £XPECT INSECTS TO": PRINT “BE A PROBLEM IN THE LOCAL AREGA?™: PRINT
PRINT TABC @) ;"3--~w- - YES8=: PRINT 1AB¢ 1), ===~ NO*

CO3UB 313: IFf AA € 1 OR AA > 3 THEN GOBUN 21G: GUTO 14461

A2(36} = AA: RETURN

HOME : PAINSL “QUESTIOR 37:~:: PRINT

PAINT ™)L SANITATION TECHNOLUGIES WHICH USE “: PRINT ~COMPOSTING OR LAND TREATHENT™

PRINC “MAY CONFALIAUTE TO DIBEASE IFf THE . PRINT “RESIDUAL 13 UBED IN AGRICULTURAL *~

FRINT “ACTIVITICLS. IKE DISEASES WUULD ARISE “: PRINT “FROM HEAVY NETALS BEING TRANSHITTED TO*
PRINT “HUMAN rOO0 OH HUMAN CONCACT WOULD YOU™: PHINT “EXPECT HEAVY METALS TO PRESENT A *
PRINT "PRUBLEM IN THE LOCAL ARLAt"“ PRINT

PRINC FAGC €);")-e-cee YEB": PRINT TABC 4)i"Z---c-- NO®

COsUB 31 1T AN ¢ 3 UR AN D> 2 THEN CGOBUB 210: GOTO 1713
A2¢37) = AA: RETUAN
REN

Acn AVAILISILITY/QUEBTrIONS BUBROUTINES

EOR 1 w« & 20 4:A38¢1,1) a “X“:A3C1) = O: NEXT : RETURN

AJSCE3.3) m “X“:A3S(6,1) @ “X“:IAIS(LD,1) @ “X:ALC3) e D:AILE) w O-ALCID) o
AIS{4.,2) = “E":A30¢(27,2) o “X":AIN(Y.2) a "X“:AI$C10,2) # “E“:AI8(11,2) « ™
AL(4) @ D A3(7) @ O:AL1(93 « O:AL1(10) = D:AICIt) = @

AJSCE,2) a "E":AISCE,2) = “E“:A1CE6) = Q:AILE) = O

A38C13.2) = "X 1(13) = 0

AJSC14,38) = “X":ALC14) = O

AP3016.3) o “X*:A1¢16) = 0: FOH I = 19 TO ZY:A3SC1,2) & “X":AM(1) = O0: NEXT : RETURN

: RETURN

FOR § « 2 PU 13:A3001,3) » “X":ALCL) = O: NEXT :A30(17,3) = “X“:A38(18,3) @ “X":A1(17) » O:ALLIN) « 8

FOR L » 31 TO 33:A30¢3,3) =« “X".A1(1) = 0: NEXY
FOR I ® 23 TU 40:AINC1,3) » “X*:AI(I) » 0: NEXL : RETURN

-£8¢-



2043 ABECY.,4) o “E“:A3ISC13,.4) @ X" A3SLI4,4) & XM
2070 AL1$(7) = 0°AL1(I1) ~ O:AL(24) = O0: RETURAN

FOR | = 19 10 29:A39€1.4) « “X":A1CI} = 0: NEXT

1073 FOA 1 « 1 90 3:A36¢).3) =« “X“:A2€1) @ O: NEXV : FOR I ® 3 70 4:AI#(1.3) mw “X™:AL(L1} « 0: HEXT : FOR I =» 8 TO 9:A3811,3) m =%

ALtl) = O: Nexf
1090 ADSU22,5%) =
090 FUR ) - 1 10
CURN

2093 AISER,7) = “X":AIS(P,7) = “EA“IAL(B) « Q:AICP) = D:AINCED, 7}

X=:A1€13) = 0: REIUAN

A36C1,462 w “X":AL1(1) = O0: MEEY : FOR | = 8 TO 10:AJN(1,4) » “X”:ALCL) @ O: NEXT :AJ20¢13,4) » “X“:A1(13) = @: RE

« "E”:AIN(E4.7) = "EX*:ALU13) = O:AL(14) = O

2100 AJIS$(9,72 = “X":AL(4) = Q:AINC10,7) = “X":A1{10) o O:A30C11,7) o “X":AI(L1) = @

1103 FUK 1! a 17 20 29:A30(1,7) = “X*:A1¢]) = O: NEXT RETURN

2110 ¥R 1 = 4 30 B:AINCI.8) = “X“:A1(1) = O: NEXT :A38(13,8) =
2113 10K 1 = 1 10 2:A38(1.9) e “X™:AIU)) = O: NEET :A30(3,9) «
L1

2128 VUK § = 3 70 3:A8L1.10) & "X~
2123 FOR [ = 13 TU 17:ATACE, 100 w “x°
2130 FOK 1 = 34 210 23:22°(§,10) - *X
0) @ "X=:AL(3) = 0: NEXS : ASTURN

ALC(L) « O0: NEXT : FOR | =

“E*:A1¢13) = 0: RETUAN

“X*:A343) = 0: FOR ) e * TO 12:A3861,7) = “X™:A1(1} = ©: NEXT : RETU

ALGE) = 8: MEXY :RISLP,10) o “E¥:AL(P) = O: FORK I = 12 TO 313:238¢(1,10) » “X":A111) = 0: NEXY

30 TO 22:A38(1.10) = “X~:A1(L) = D: NIXT

1¢1) = 0: MEXY : FOR 5 = 27 TO 28°A2¢¢1,10) = “E":AL(1) = O: NEXT : FON I = 30 TO 33:A30¢4,1

3133 ASC2,13) = “XTIALCZ) & QIAINID,31) @ TEATIALLSD m QIAIBIPN,11) e CEUCALCP) @ O:A38C12.31) w “E®":AL1€12) = O0:ABNC17,31) = “X“":Al(1

7) = 8
2140 AJP(18,31) = “X=:A1€18) » O: REIUHN

2143 FUK ! @ 7 20 B:AINCLL12) w “E":AM(I) m O: NEXT : FOR § = 10 TO 32:A34(1,13) @ “X":AJ([) = D: NEXT : FOR ! = 34 TO 37:A380C8,12}

o "X A1) & 0 NELY AJN(14,123) @ “X7:ALEL4) = o

2130 FOB 1 « 3 TO 3.A30(1,12) w “X“:ALCI) » O0: NEXT :A39(4,32) o “E":AICA) = D:AI0(?,12) o “X=:ALCP) w O0:AISC13,12) w “N":A1¢13) =
L]

1% AIN(3,12) o “X":AL(S) = O0: REIUAM

2183 AJG(4,13) = “X":ALC4) o D:AISCE,12) » “X“:AI(8) o O:AI$¢10,33) @ “X":ALC(I0) @ O:ADN(11,13) = “X~:AN(13) w O:AINC14,13) @ “X":AlL

Ché) w0

3140 FUN ) « 19 TO 2X:AISCL,12) » "X”:AL(I} o O; NEXY :A38¢34.13) = “B“:A1(24) « 0: FOR § = 27 TO 28:A38€3,53) = "X":A1¢1) = 0: NLX

T : fOR I @ 31 1O II:AIGCI,13) = “X":AICL) » O: NEXT

2165 A3B(D2,33) » “X®:ANC3) « O: FUR 1 @ 312 70 I3:A38(1,13) a "R":AICI) =« 0: NEXT : FOR | o 17 TO 10:A38¢1,13) = “X":A14(1) = O: NEXST

TA3$(23,13) = “X“:A1€23) = &

2120 POK 1 = 3% 20 24:A38¢1,13) = “E":AL(]) w 0: NEXY :AJ0(29.13) « “E~:A1(29} @ G: TOR { = 34 TO 33:A38¢4,137 » “E*:AL1E) w D: MNEX

(3

31125 [rohk 30 30 40:A30C(1.13) = "X":AL<I) @ O: NEXT : REIURN

1180 AN - C = 7:A0 = 39: GDEUN 230:AB = f1:AC » 11:AD  29: GOBUH 230 AR = 14:AC ~ 14:AD = 29: COSUB 338

31383 A - $7:A0 = 17: CUBUB 230:AB « 20:AC D o 29:. GOSUB 230:AH » 23.AC = 23:AD « 2 GOsSUR 230

2110 AB = 31:A0 = 27: COSUB 230:A8 = 313:AC a 37: COSUB-230:AB = J8:AC = 38:AD = 27: COSUN 2238

31195 Al a 19:AL « 29: GOSUB 210:A8 = 22:AC » 27: COSUE 230:A8 e 29:AC = 29.AD « 29: COSUS 230

22400 AB = 33:A0 = 17: COSUB 230:A8 w 3¥:AC = 237:AD « 29: CUSUB 213¢

2203 Al - =« 27. CUAUB 230:AB o 33:AC e 3II:AD = 3¥: COBUB 230:AH = 40:AC = 40:AD e 2%: COSUB 230: RETURN
219 AB - 20: COSUB 330-A8 = 8:AC w 11:AD e 30: GOBUB 230:AB « 13:AC = 13:AD = 120: COSUN 228 -
1215 AB = 30: GOSUB 230:AB » 20:AC = 21:AD « 30: COSUB 230

2230 AN = CAC e 12:A0 e 30: GUSUB 230:A8 = 24:AC = 24:A0 = 20: COBUE 230: HETURN

3223 Al « C = 4:AD = 33: GOSUH 3I0:A0 = 7:AC « B:AD = J1: GOSUG 230:AB = 10:AC = 11:AD = 3}: GOSuUe 230

2230 -1 AC ® 14:A0 = 31: GOAUN 230:A8 = 17:AC = 12:AD = 31: GOBSUN 230:A8 ~ 35:AC = 29:AD = 33: GOSUB 330:A0 » 33:AC = 33:AD = 3

AR .
1: COBUN 230
3333 AB » 2%:AL « 40:AL = 31: CUSUB 130
3240 AB » 15:AC = J4:AU = J1: LOSUB 330:AB = 20:AC = 22:AD = 31:
2343 AB = J2:AC = 32:AD = 31: GUAUN 220: RETURN
1500 PKRINT Ds,“OFEN>;i8
2203 FRINC U, “OELESE
3510 FHINY DS, “OPEN™=,T Lao"
2315 FOR §f e L TO 40:0 = @
1520 FRINY L, “WRIIL",F9:~. A" 0;". . t";8
2323 PRINT AJeCL): PAINT A1C1): PRINT A3t1)
1L30  NEXY
213533 PHRINE O8;"CLOBE": Fs

COBUBR 130:A8 = 24:AC « 24:AD = 31: GOBUS 2230
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23430
15453
435440
XYY
213470
1%473
23600
134083
23490
EEY S
13700
70y
3710
313713
25730
1372%
15730
23733
- 23
13740
21357438
ive30
23733
13240
23743
13270
3A7:AC
15275
13280
13728y

3F A3113) = 3 FHEN GOBUB 2133
arn

HEn aill

11 A2C€13) = ) AHEH  LUSUE 2153
IV A2412) = 2 SHEN  GOBUN 1143

15,8

sEM Qie

14 A2€14) « 0 VHLN AB « §:AC = 40:AD o 14:
REn

HLNM uis

If A2C137 « 0 FHEN AD = 1:AC » 40:AD0 = 33
RER

REN ale

IF A2C14F = 0 AHAN AB u 3:AC = 29:AD « 1i¢:
RN

RLNM ai?

cosus 230

Gosva 130

COBUD 2130:AB = 31:AC = J4:AD « Jé:

WOBUR 230:A8 e« J8:AC = €0:A0 «

3F A2817) = D IHEN AD « 4.AC o 4:AD » 17: GOSUP 230:AB = 7:AC = 8:AU @ 17: GOSUB 2330:AD « 13:AC = JJ:AD @ 17,

If A2€17) = 0 THEN AB = 33:AC = 14:AD « 17:
AC = 29:AU = 17: GCOBUN 230
It A2¢17) = v THAN A9 = 33:AC = 33:AD = 17:

REN

Hrn as

IF A2¢18) o U THEN AR & 1:AC w 4U:AD = 1
REn

nen a1y

If A2¢19) = 0 THLN AH « 4:AC w 3:AD » 1
- 40:AD » 19: GOsUE 213¢

Hin

Acn Qio

1 A3¢20) = 0 AN AW = 7:AC = 7:AD e 20: GUBUB 2I0:AB = J1:AC » 13:AD e 20: GOBUB 330:A8 = 314:AC =

® 16:AC « 17:A0 % 20: GOSUS 230

15710
23793
35800
33805
138190
L8183
238120
15033
13830
. 33
1383%
840
25045
2am30
1585>
15840
13843
35370
12070

8 - 0
1810
23893
1900
15%03

Il A2€I0) @« 0 THEN AN = 33:AC » 28:AD » 30:
RER
RLR azl

GOBUB 330:AB o 319:AC = 17:AD « 17:

GOSUR 330:AB @ J4:AC » J4:AD = 17:

Goauvs 3121

GUSUB 330:AB = ?:AC e 28:AD = 1?: COSUB 130:AR =« J1:AC = 35:AD ¢ 1

GOSUE 330:AR = 3):AC = 3I3:AD « 10:

GOSUB 330:A8 = 21:AC = 23:AD =

GOBUR 23J0:AR « 38:AC o 40:4D =

GOBUB 230:AR « 38:AC

Il 22¢21) = 0 JHEN AR « 7.AC = 7:AD = 21: GUSUD 230:A0 & 11:AC = (1 .AD = 21: GOSUB 330:AB = 14:AC = 14:AD « 31

I¥ A3(21) = 0 THEN AB = 23:AC = 2 D e 21:
KiM
HUR ai

18 A2C22) @ 0 YHEN AB = 7:AC = 7:AD = 22: GOSUB 230:AB & 11:AC « 11:AD « 22: GOSUB 330:AP =

IF A2¢22) @ 0 [HEN AB = 146:AC » $14:AD » 32:

TAL = 840D.AD w 23: GUBUB 230

REN

mn w32

18 A2€¢33) & 0 THEN AR = 33:AC = 2 - 23:
REN

HEM uie

IF A3C24) = 0 THEN AW = I3:AC « 24:AD » 294:
RCA

HER uas

COSUE 230:AH w» 33:AC = 33:AD = 2}:

cosus 21 = 27:A0 « 133:

COSUR 330:A6 = 33:AC = 33:AD =« 33:

CO8UB 220:A8 o 3I5:AC = 3I5°AD = 24:

GOSUS 230:A8 = JI8:AC = 40:AD =

AD = 22
“ 213:80 =

GCOSUR 210:A8B

COBUB 230:A9 = J8:AC =

GOBUS 230:A8 «

12 A3i2%) = 0 IHEN AH « 1:AC = 3:AD « 2% GOBU@ 2J0:AB = P:AC = P:AD = 2I3: GOSUB 230:AB = 12:AC = 13

1€ A2(23) = 0 THEN ABD = 19:AC = 1P:AD = 23:
1F A2T23) = O UINEN AD » 21:AC » JL:AL = 33:
TAC = 40:AD & 33: GOBUS 238

R uzé
1F A2¢38) » 0 THLN AH = [$:AC « [4:AD = 3¢:
AEr

GOSUS 230:A8 » 23:AC = 23:A0 =« 23
Gosus 13 @ 33:AC o J6:AD = 2

COBSUB 330:A8 « 10:AC » 27:AD « 24:

GOSUS 330:A8 = 1
CO8UB 230:A8 « 3

COSUB 230:A8 « 31:AC = 40:AD =

: GOSUD 230

COosUB 230

17: GOSUB 230:a

17: COSUB 230

COSUS 230:A1 «

230: GUBUD 230:AH

10: GosuB 230

. GOBUN 330
21: GOSUD 129

: GOBUB 230
23: GOBUO 230:A

33: GUSUDL 230

24: cosum 220

cosus 230
33: cOBUA M0
35: GOBUB 2330:A

i14: cosva 21340
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38215 3C AA € 2 UR AA ) 2 THEN COSUB 210: GOTO 24303
24220 IF AA = | FHEN CGONUS 31500: GOSUM 333: TEXF : GOTO 24123
162312 GOSUE 35%. 1EX1

34225 HOME . FRINY “WOULD YOU LIXE 10 EE 1ML ANSWIRS YOU
24130 PRINT : PRINT TRE¢ 33):"1---YEB“: PRINF TAN( 31;%3-
2633% 1T AA ¢ 3 UR AN ¥ 3 IHAN COBUB 210: GOTO 24323
24237 (F AA = 3 GOFO 24238

34238 HOME

14340 FUK 1 = 1 10 18: FRINT  TAM(
161:7037 = “;A2037)

1424%  Gusus 203

26250 I's » “MAPHMAY . DATA.1%: GOBUL 2300

26255 HOBL : PRINT “HAPHAT HAS JUST STORED YOUR 1ZCHNOLGGY: PRINT "AVAILABILITY DATA N A TEMFORARY FILE.“

24340 ERINF “WOULD YOU LIKE f0 STORE THE DATA PERMENANTLY!

26265 PHINY : PRINT VAM( 3);"§-.---YEB": BRINT 1AB( 3);"2-----NO": GOBUR 213

26170 IF AA € 1 OR AA ) 3 (HER GOSUN 210: GOCO 24235

26273 11 AA = 1 GOUO 24300

26274 cCusuy 2330

14275 HOME . PRINY “ENTER INE $1LE NANME (30 CHARACTERS *: PRINT “MAXIMUM) .~: INPUT F#

24240 CusUs 2310

36300 HOME : PHINY “1KHIS SLCIION 18 COMPLEIE. YQU VILL BE%: PRINT "RCTURKED TO THE MAIN NENU.»: PRINT : GORUB 203
24303 PAINT DO"AUN MAPHAT MAIN®

20000 END

21300 HuME © FRINT TANC 35):5°133358283123%: PRINT TABU 12)3;%123435470901234347890%

31803 PRINE “oocomemoe oo

31305 POUKE 24.2
33000 JUR 1 « 1 30 40: PRINY ADCIPGANSCI), TABC 122:A30CT, 1) ;A36CR, 20 A38CE, 33 ;A30CT I iAINCT,SI ;A0CE, 42:A0¢1,7);

22008 PHIHT AJSCL @) AISCE, PI AINCE, 10D ANNCT 00D A3SCE, 1) A39CE. 33D AI8CT. 240 A0C), 83);A20¢8,14);
22010 PRINY AJSCI 172 AINCT. A0 ANSCT 19D A24¢1,20)

32018 IF ALI8CL) = "PFF.BT” THEN AB @ 1:AC « §: GOSUB 233

32020 1§ A18¢3) = “LAG.VBP™ THEN AN & ?:AC =« 14: COSUB 333

31031 IT MBSCE) » “LI™ THLN AB « 317:AC « 24: COSUM 233

PRINT "GAVE TO THE QUESTIONS?*: PAINT
~NO": GOBUB 313

= "iABCE); TABC 183;:%Q7;1 « 18; TABC 22);%= “;A2(l o 18): NEXT : PRINYT 7AS8¢

33032 1F Alecel) "88F" THLN AR « 23:AC = 32: GOSUB 235
32022 IF Alscl) “DBALYT2™ THEN A8 =« 33:AC = 40: cOsug 2133
32024% NEXT . T1EXIT : KETURH

231300 ¢ND
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Wheo

mase
1 ALH

109 GuUTU 40000

103 bAla .0UL.1,.008.1,.001,1, .001,5,.001,1

104 OAFA L003.1,.001.4,.001,1 . -001.,1,.001.8

107 DAIA .001.1,.001.1,.001.12 . .001.1,.001.1 ,
108 UAFA ., 8.3,.3.0,.7,1.8, s 4
109  DAtA 1.1,.15,1,.99,.0003,.1.4,.15.2

110 VATA Sh.d, 2.0, 8.8,.7,0.8, 1

111 DAIA  1,.0003,1,.005.1,.001, 1..0003,1.1

112 DALA 1,.0004.1,.0032,1,.1.1 1300

100 kin BUBKUUTINE SECTION

20t REM )

s tUk L = 1 TQ 2. CALL - 103%: HNEXY : HLIURN

230 PRIND : INPUT "PREUS RLCURN rO PROCEEDItI™;¥Y8: RETURMN
213 ENIND
214 FHINT “LNILK JHL NUMBLKE WHICH NEFRESLN1S YOUH™: PRIN1 “CHOICE: 1 . E.., 1, 2, ETC.": INPUT AAs
217 IF AA$ = ™1™ OR AAY = "2 OR AAS = “3" O AAS = 0™ OR AAS « “4™ OR AA® = ™3~ QR AAN = “a= OR ARS = “7% AR AAS = “8% THENR AA =
VAL CAAR3} COUI0 21?9
218 AA - 1000
21y  HLIURN
230 FRINY : PHINT * 1-=-=--=-YEB": PRIN1 ™~ 2~---~NO™: COSUB 3:13: RETURN
123 PRAINT O, “OPEN".¥Y =, LIO*
230 FOUK 1 = 1 TU 40°B = 0
4335 PRINY US,“REAV“FS ;™ A" 1", 8
240  INFUY ALSCI) A3801), A0
243 Nexr
120 F¥RINY DS "CLUSE"™ 8: REIUXN
234 AC = 0: YOUR [ = 1 U 40:A23¢1) = “0": NEXT
235 2EX2 . NOME . FUK 1 « 1 20 20:AA o | + 320
134 IF AJ33C1) & =1" [HEN A4SC1) = “m=
1s? 1F A36(1 o 30) = "1" THLN A4S(l ¢ 20) a =&
258 PRINL 1. TABC €XAQECTID; “LABC D) AI8CI); TABL 18);AA; YABC 212 ,A40CAAY; TABC 22);A18CAA): HNEXT
240 POKE 34.20:. (¥ AC = 3 COLY 338
343 HUHE : FHINT “ENYER THE NUMBER UF YOUR TECHKULOGY*: PRINT “CHOICE- ® INOGICATES PRIOR BSELECTIONS.™: IHPUT AS
240 LF A8 ¢ 1 GR AH ) 40 THRR GuUSUd 203: GOFO 2693
175 A3SCAL) ~ “IT:AL a 1: CUIO 353
180 HOML FRINI ~“ANUTHER CHOKCE? ENIER LITHER NO OR THE™. PRINT “NUMBER OF YOUR CHOICE AND PRESB RETURN.™: INPUT AAS
2183 IF¥ AAS = “NO™ COFO 300 .
370 Al = VAL (AAS): GO0 270
193 GOro 23>
300 ILXT : HLIUKN
305 HOHL . PRINY “AVAILANLE TECHNOLOCIES ARL:":AC ~ @
310 FOR 3 = 1 O qU:AS8(L) = = ~: NEX[
315 FUR 1 « 1 90 40
10 fF A3eC1) =« "0" CUTO 330
32 1 AC = 0 COUI0L 22>
323 FRINY ZANC 23;0; TABU S)ASSC1),; TABU @1 ;AL1001)>
330 (€  « 20 THEN FOKRC 13,14: TOKE 31.13: FOXEL 34,.3: MOME : IF AC = )} THEN POKE 34,0: HOME
330 MLX1
363 POXKE 34.21: PUXKE 22,0: PUKF 33.40: HOME : IF AC =~ 1 GOTO 283
370 HOME : PRINI “CENFER THE NUMBER OF YOUR TECHNOLOGY™: PRINF “CHOICE. * INDICATES PRIOR BELECTIONS.": INPUT AB
3rs IF AL ¢ 1 Ok AD ) 40 THLN GOBUA 20%: GUTO 370
376 IF AJSCAB) = =0" THEN GUBUS 303: COTU a7
380 AGSCAB) o "2 AJUICAN) w "1%:AC & §: TEXY : NOME : GO0 2313

-06¢-



.
383 MOME . PRINC “ANOTHER CHOICE? ENTER EI'FMER NO OH THE®. PRINI “NUMHER OF YOUR CHOICE AND PRESS RETURN.": INPUT AAS
Yo 1F AAS » “HO" LOID 40

393 AH = VAL tAA$): COru 373

400 GOTU 41>

103 FEXT . RETUHHN

410 HUHE

41% AUS o “smssasaeas ACS o v ®TAUS &
10 eRINLD FAUC 73 A0 PRINT ABS: PRINT ACs: RETFURN
425 AA ~ LEN (R1%CAHI) AA « 10.0 - AA

430 FHINE ADS; H2CC AA) ALSCAB)  AES: HETURN

433 PHINT AUS: KLIUKNR

440  POXY 33,13: pPUXE 32.,LL: SURE 34,.7TT: RETURN

@ MOME : PRINT “AVAILAULEL 2LCHHULOGIES AHE:*

430 FUR A - 1 1O 9

42 It K a 21 THLEH FOUXL 33,.14: POXE 32,23: POXE 24,1: HOME

493 17 AdSUIKY o v ¢ GOVO 470

440 PN ALC 2).Ki TABC D) AIBCK)

470 Nexe x

LE POXL 34,21 VUKL 32.0: POUKL 33,40: HONE

180 PRAINT “WHICH TECHROLOGY 13 YOUR CHOXCE FOH™: PRINT “SCAGE “,AJ;“?": INFUT AB

4635 IF A48¢CAY) ~  “ TUNEN GUBUB 20%: GOI0 480

470  HOME . PHINY A% WHAT YEAR WILL “;AL6CAD) ;™ HL": PRINT “AVAILAHLE? (CURHENT=1,HAX«99)": INPUT Al
1r1 € At ¢ 4 OR Al 2 100 THEN GCO3UH 203: GOTO 490

4¥3%  IEAT : RLTURN

s00 FHINT LS “OFLN",Fs. FRINY DS, “OLLETE" F#: REIURN

01 1€ R » 2 CHEN 0GO3UB 300

2 FRINY Lo, "UPEN" ¥ A A KA

303 R =« H - (AF » 1):8 a 0: FOR H » R FO R + AF + 1

505 PRINY DLs  “WHITEY 18, ,R"; “,8";B

S10  PHINT AS$(H) . PHRINC A4S (M) : NEXT

$12 K -« M -}

213 LHING Dy ,"CLUSL”F$: RETURN

229 PHINL O3,"0PEN" . Fs," LTtU"™: PRINSF DS, "WRITE";F
423 FHINY ASs(1): PRINY A&SCL)

S30 PRINC O3, "CLOSE" FS. HE(UA

33% C 4 1: PRINT bLs, oPLHN”
5S40 PRINC LU, "RZAD" . F3 ;" R
34y INKUT BI8C(C)Y, B28CC)
350 € = 2.AG « VAL tUls(1))
354  FRING D6, "HLAD" . F8 ;" h“
333 INPUS B18¢(C) B23C¢C
540 AL & VAL (u28¢C))
343 Fud I = C » 1 TO C
$70 PRINI Os,“RLADL™ V9. ¢
371 INVUF H1sC1),823¢1)
375 NLX1

380 NUME . FHINI "1HLATHLNY THAIN “;L188L) . FHINT
281 PRINT  TABC 3),"8TAGE"; 1AH( 10),“TECHNROLOGY"

“YEAR BUILT". PRINT TALC 3);"~ce—="; TABC( 10),;"-—-cccoaact; TABC 22); ;"

TABC 22)

64 AL &« O

ELRY FUlt £ & C ¢ 2 10 C o AF:AD = AD + 1

286 AL VAL (8284¢1)):Ad = VAL ¢d19¢12)

370 (SN RV TAHC 3) AD; TABCGC 10),A10tABY; TABC 26) ;A8
$91  NHexr

392 AG = AL - 3 PHINY D$,;“CLOSEv";F$: GULSUB 210

293 C « £ » AFY » 1: IF AG » 0 CO(U 599

“9é ERINY LS, OFENR™;F$;” ,L10": GOTO 554

~T6¢-



TEXF - RECUNN
YOk 1 ~ 1 0 40
READ AALAC

410 A7¢1) o« AA AB(§) = AC

NEXY . REFUNN

COSUL 20%: hunl . PHINT A TREATHENT GOAL IS NOT FULFILLFD FUR": PRINT “THIS THEATHENT SCHEMEI!| DO YOU WANT

PRINI “fU MAINCAIN rHeE BCHEME AECARDLESS OF “: PRINF "“THE VIOLATION? ENTER ¥ FOR YES OR N *
PHINYT “FUH NO AND FRLE3 KEITURN -

FHINT @ EHINT “U0OU GOALC";AL: PRINT “HUD LOADa® ,AH: PRINT : PRINT “COLIFORM GUAL" ;AM. PRINT “COLIFOHM LOAO=*,AQ: I1HPUT AAS

I¥ AAS < "¥" yHLN  GCrd 453
IF AAS = “N“ JHEH R « H -~ (AE + $2:AC » AG - 1: GOTO 635
cusSud 203: Curo 62%
REJURN
HEH
REM
HEn MAIN FROGRAH
HEM
LIM A3BC40) , A15CA0),A%8(40). . A08040) AD8(500),A88C100) A7¢A0),AB(40) B18{100),B24¢100)
GOsUl8 600

Us - CHHS (42 1% o CHHS (9): WS o CHRS ¢23)

HOME : FRINY “VELCOME T0 2HE OPTIMIZAGION SLELCTIOH OF": PRINT “HAPHAT THE PURPOSE OF TilS SECTION IS"
PRINT “TO CUONSTRULSL FHEATHENT TRAINS, OISCOVER": PRINE “tf THC FREATMENT THAINS WILL HEET THE®
PHINT “I1ALATHENT GOALS WHICH YUU SPECIFY, AHND”: PRINT “LINK TO THE COST ESTIMATICH SECTION, "
PRINS “THE COSI' EFFECTIVENESS SECTION, AND “: PHINT “THE SENSITIVI{Y SECTION. 1€ YOU ARE IN*“
PRINY IME WKONGL SLCTION O HMAPHMAT THLN vYPE * PRINT “WHONG AMD PRESS RETURN IF TH1S I3 THE™
BRINT "RIGHP SECIION THEN TYPE RIGHE AND PRESS": PRINT "RETUHH.": IHPUT AAS

JF AAS = “RICHT™ GO10 20300

(¢ AAS = "WRAUNG" GOS0 20238

GLEUS 203%. o010 20200

PRINS 00;“RUN HAPHAT.MAIN®

HEM

HOME @ CRING “HAFMAY ORFEKS Q1HREE OPTIONS FOR “: PRINT “CONSTRUCTIHNG TREATHEHNT TRAINS:*: FRINT
BRIHTE 1--~-0ACA SIrOREUQ FEHPURARILY HY *: PHAINC " YOUR USE OF MAPMAT®

¥R 2---UAITA VHICH YOU HAL HAPMAT 810RE“: PRINT * PEKHENTANILY WY A FLLENAME®
PRING 3.--0OArA WHICH YOU ENCER Al TNIS TIME"

CLSVE 1Y

I} AA » 1000 THER GOSUB 205: GO0 20305 .

LE AA € 1 OH AA Y 3 THEN cOBUB 205: GOTU 20303

It AM v 3 LOIU 20380

IF AA « 1 IREN GOfO 20380

HUHE : URINT “DO YOU NELL A CAYVALLG OF 1HE DISK 10 “: PHINT “LOCATE YOUR FILENAME?“:

Go3us 220

IF AA ¢ | UR AA 2 2 THLN COSUB 20L: GO10 20350

ON AA GO0 20370,2037)

PHINT D$,“CATALUG osun 210

PRINYT : PHINI “ENCER THE FILE NAME“: IHPUT Fe¢: GOTO 2038%

Fs a “HAFMAI DAIA. 1™

HUHL : FRINT “HAPHAT WILL BE RIGHYT MACK™: PRINT : FRINY : PHINT TAHBC 15);“PLEASE WAITi!1": COSUB 223
IF AA « 3 rHEN cGoOSUE 2354

Gusug 103

HEH

HUOME - PHINT “IH THE FOLLOVING SeECYIGN MAPHAT WILL »: PRINT “ASSIST YOU M ESTAULISHING THEATHENT-

PRIN1 “SCULHES 170 BE USED 1 THE CGFTIMIZATION™: PRINT “AMALYSIS FOR THE TECHNOLOGIES WHICH™
FAINCE “AHE AVAILABLE YuU MNMUSY SELECT AT LEAST" FRINT “ONE PROCESS FOH EACH S5TAGE THAT YOU UBE™
PHINT "IN tHE THEATHENT SCHEHE. YOU MAY *“: PHRINT “SELEST UP TO 99 STAGES AND 999"

PRINF “TREACHMENDI SCHEHES . FTECHNULOGIES CAK BE®
TIME .~

PHINI “CHOSEN [0 BECOHE OPERATIVE ALUL AT THE": PHINT

“BAHE TIMY OH AF 8S0OHE

-T6¢-



2043%  PHINY "1YPICALLY A TREAMMEN] SCHEHML WILL *: PHINT “INCLUDE BEVERAL STAGES, 1.E.. A THREE“: PRINT “S1TAGE THEAIMENT SCHEME
D COMPHISE.*

20440 FOK L .~ 0 20 O

20443 rOR J « 0 fO 2

20450 AD = AD ¢ 3:AB o 7:LL =« J % 13:T1 « 1%

20431 IF J a 1 FHEH AB = 14 °

20452 JT J « 2 UHEN AY - 24

20433  CUSUE 440: GUSUY 410: GOSUL 423: GOsSUB 433

30440 HEXT I

20¢4>  NEXT |

20470 PFUKL 3%2,0. FUKEL 23,40: GOSUB 210

20473 veEXr

20400  HUML PRI “DO YOU WANY TU SET TREATMENT GOALS? “: PRINT “ENTES Y FOR YES OR N FOR NO.": I[NPUT AA$:AC = 0
20431 IV AAS = “"NT GUCO 20488

20462 1t ARS < “Y" THEN AC = 3: GOYG 20483

20483  CUSUD 203: GCUIU 20488

20483 yuML PHINT “ENVLR HOL TREATMENY GOAL-SANITATION “: PRINT “THREATHMENT OHLY.“: INPUT AL

20466 PRINY PHINE “ENFEN FECAL COLIFORM TREASMENT GUAL-“: PRINT "VATER TREATHENT ONLY . “: (HPUT AM
20488 NUNE : PRINT “UNIER BUL LOAD FOR WASIE TREATHEN1 1IN PHINT “"HG/L.": INPUT AN

20489 PHRINT PRIMI “ENFER FECAL COLIFURM LOAD FOH WATER *“: PRINT “TREATHENT IN MPN/I00HL.%: INPUT AO
204994 AG « §:H o 2:F¢ = “MAFMAT.DATA.2%: COSUB %00

204%%  nUHL PRINY “HOW MANY S51TAGES ARE JNCLUDED IN “: FRINT “TREATMENT SCHEME “;AG,"7 (HAKIMUM = 99)%: INPUT AF
20500 (F AF ¢ 1 OR AF > 99 [HEN CO3UB 203: GUrO 20493

20%02 ASS(H) « SIHS (AL):A8e(Kk) « SIRe (AF)

20303 A o M« 1.AJ =

30505 FOR 1 w k TO AY - ) ¢ H

20520 GOSUH 143

20525 ALITI) = HURS (AB) . AGSC(I) o STRS (Al)

20324 If AL ) &t GUFU 20329

20327 AN « AN * A7¢AUI:AD = AO * ABC(AM)

20529 R = R o 1:AJ = AJ » |

20430 HLX: )

205344 1F AC = D GUTU 20543

10535 IF AN ) AL JHLN GUSUB 42

24540 (f AU ) AN FUHEN  GOBUB 623

20343 Y o “HAPMAT DATA 2" GUSUD 301

205%5% MUME . FRIN® “ANOGTHER TREATHENT SCHECHE (ENTFH Y FOR“: FRINT “YES OR N FOR NO AND PRESS RETURN.“: I1NPUT AAs
20560 [f AAS =~ “N” COrO 20580

2W0H4L  IF AAS = “Y" THEN AG « AG + 1: GOI0 20493

20570 GuSUD 205. GOUO 20553

20580 ASSC1) o SUHS (AGI:ASS(1) « SIRS CAG)

20385 C = 1. GUSUB 320

20570 F$ = “HAFHAT DAJIA 3%: COSUB 233

20600 HuNE FhINI “YOU ARE NUV HEADY TO LINK TO 1ME COST". FRINT "CALCULATION SECTION ,OR ANY OTHER™
20405  PRINT “SeCTION OF HAPMAT.  YOU WILL BE “. PRAINT “RETURNED TO THE HAIN HENRU OF MAPHAT."

10830 COSUB 21U

2uat3  PHINT DS, RUN HAPHALT MAIN®

19999 END

30000  PHINK DS, “PH®1"

3000% UK 1 < 1 10 40

30010 PAINY ALSCL2;" “;A3601D 5" “A28C 1)

WOIL NLXY

30020 PALNC O3 ;"PRaO"

30025  HLIUKH

10030 AU -~ Z3: IHMPUT “AH“;AU: GUSUU 410: GOSUB 425%: GOSUB 435: RALTURN

30100 GOSUH 410: YUH { » | fO 40:AD = 23:AB = I: COSUD 435: NEXT

30105  GUSUL 43%. KREITURH

coutr

-£6¢-



30130 FOR | = 3 U 40:AN « 1000:AQ =« 2000

30331 AN = AN ®= A7(1):A0 « AO = AB(1)

20132 CRINEG [, CABC 4)A200);" “SAN:™ “;A8C1) ;% ", A0

30133 NLX)

301324 HRECURK

Jvzdo FOR 1 o« 3 30 20: PHINY “He™;1;% “,A5901); TABC 10)."Ale";A88¢0); NEXT : HETUAMN
30250 FOR | = 1 U 40. PAINT I, TABC $);A7C1); TABC 13);A8C1): NEXT

30300 H « A - (AT + 1) FOR } = R - (AF + 1) TO 1 « AF + 3

303035 BRING 15 C£AQU QX A33¢1); FABC 20);A6801)

36310 NEXT : RETUVHH

30399 F¢ = “MAPMALY DAFVA 2".0+ = CHRS (4)

iaAqe0 PRINY L “OPEN™ ;13" ,L1D"

3oqud fOA 1 « & FO 29
10404 FRINT DS, HEALD™ S
30408 INPUY B2 B2
30410 PRINT 2, ", bLe," “;u2%
30420 HEXT

uqy FHING Ds , “CLUDE"
30450 EHD

Jouoe Phe 1

303035 PALNE Wi, 0"
ILd10 tOR 1| = 1 10 20. PRINY TALC 9331 TAUMC 8 ;B19CL); TADC 20);829(¢1): NEXT
30315 RETURN

-H6€~



wkso

ILL Sy
1 HEn MAYHAT.COS1 . HlATIO
2 RLCM

10 HonL o rRINT TO0 YOU WANT THL FRINTER ONYY: GOSUL 220
23 FE AA ¢ 1 UR AA ) 2 fHEN CGOBUB 20S5: GOTO 20
e GOty 20000
200 REnN SUBROUT INE SECTION
201 REN
2100 KOk L o« t 0 3. CALEL - 1059: NEXT : REIUAN
210 PHEING @ tHPUS "PRENS HETURN TO PROCECDIII™ ;¥$: REFUAN
211D VRINY
1L é FHING “LNILK ‘1)JIL NURHLR WHICH REPRAESENTS YUUR":
212 I¥ AAS « "1™ OR AAS = “2* OR AAS = "3“ OR AAS = 0" OR AA¢ = “4“ OR AAS = *
VAL CAAS)Y Gulo 219
218 AA » 1UUD
2119 REWIUNN
120 PHINY . $AIHT ™ }-~---~YES™: PRINY * 2-----NO": GOUSUHR 2}%: REYUHN
223  PAINF D3 ;"uPEN
230 FOH 1 o« } 10 40:8 o« 0
235 PHINE LS ("ACAD" P, " R 13%,08";:80
140 INPUT ASSCL) ,AS8C1) A28¢1)
243  HEXT
30 EPRENYT LS ,“CLOSE” ke HETUNN
234 AC = 0: FUR € » 1 U 40:A38(CI) = “9": NEXT
254% Al . Hunk FuUM i = 1 10 20:AA = I » 20 .
234 IF A3801) w "1 (HEN AA$(1) o "o~
157 IF A38CL o 200 « 1" THEN A48(1 « 200 « “aw
3v8 FRIND 1, TABC 42, ,A48(2), JIALL 3);A18C1); TAHC 183 AA; TAB( 21);AA8CAA}, TABC 22);A19(AA): MNEXT
60 PUXe 34,20 I AC « 1 GOCD 280
18 HWOME @ PRINY “ENTER IHE NUMbBLH OF YOUR TECHNUGLOGY": PRINY “CHOICE. & INDICATES FHIOR SELECTIONS.“: INPUT AB
270 iF A8 ¢ 1 OB AB ) 40 UHEN cCUSUS 205. CaTO 263
2% A3SKCAL) a “1VCAC a b LOYO 249
380 HOML : FRIN( “AHNOVHER CHOICE? ENTLR EU'THER NO OR THE". PRINT “NUMHBER OF YOUR CHOICE AND PRESS RETURN.*: INPUT AAS
283 LE AAS$ « "Nu" CUrd Jae
190 AH ~ VAL (2A8): GCOMG 270 .
293 Gury 238 3
300 kXY : RCIURN
0% NOME : PRING “AVAJLAULE TECHNOLOGILS ARL:“:AC = 0
310 FOR I « 1 TU 40:A43811) =» ™ *“: NEXTC
Ay YOGH I = 3} 10 40
320 I Ads(i) = "0 GOosru 330
321 1t AL = O GUIU 232%
2y FRINT TAUC 2358, TABC DI A1) TABL &) Are(1)
330 iF 1 = 20 SHEN PUXE 33,16: POKE 32,23: POKE 34,1: HOME . IF AC = | THEN POKE 134.0: HOHE
330 NEXY
6y FOKL 34.21: FORE 32,0. PORL J3,40. HUME : ¥ AC =« 1 GOTO 2385
370 NUME : PRINT “ENTEH THE NMUMBER OF YOUR [eECHNOLOGY®". PRINT “CMOICE. ®* INDICATES PRIOR BELECTIONS.": INPUT Ag
17y LE Als ¢ 1 GR AL ) 40 INEN GOUSUW 20%: GUIO 370
374 ¥ AIs(Ad) - *0" I'HEN susUgd 203. GOTO 37¢
380 AAS{AN) & "a“:AIS(AH) « “I":AC e 3: 1EX1T . HUME : GDIO 3213
s8> HOHE : PRINT "ANOUTUHEH CHOICE? ENTER EITHER MO OR THE®: FRINT “NUMHER OF YOUR CHUICE AND FRESS RETUHN.%: LHPUT AAS
v 1Y AAS =« “NO" GOTU 40>
3¥3 Ad - VAL €AAB): CGOUO 373
400 GULIO 413
40> fEXE @ RETURNM

PRINT “CHOICE; T1.E.. 3. 2, EIC.": INPUT AAS
* OH AAS o “&" OR AAS = 7" OR AAS = "B8* THEN AA =

-S6¢t~



€10
@
20
412
2y
430
LERS
440
3
aso
“°2
453
%o
a70
L YA
180
LA
o
471
9s
300
£33
w2
303
305
ER N
12
315
szQ
3z
530
3%
340
%43
320
a1
333
540
4>
370
2
372
w74
87>
AB(C
374
327
284
3y
38é
387
208
wo
arn
Y2
393
3%6

1nHoME

AlUS o “smamasnssanes ACLS « “a At ADS = “#TIAES e Ya)e L
PRINC FAUC 2> A0: PRINF ABS: PRINT ACI: HETURN

L1 - 1

AA . LEH CALECAMIYIIAA « 18.0 - AA

PRINT AUS; SPUCC AAXIAISCAH? (AES: HETUHN

PR1NT Als: HEJUHN

PUKE 23.%13 POXKE 32.LL: POKE 34.7Tr: RETUKRN

HUML : FRINY “AVAILAbLE TEZHHOLOGLES AKE:“

FOR X o 1 D 40

IF X =» 23 'tHEN T[OKE 33,16: POKE 32,%3: POKE 34,1: MOME
IF A48(K) » * * GOVvO 170

FRING VABLC 2),K; FABE 9);AL8¢K)

NLXE N

UKL 34,21: POKL 32,.0: POKE 33,40: HOME
PRINSF “WiICH FeECHNULOCY (8 YOUR CHOICE FUR™: PRINE “STAGL * " . 1HNPUT
It Aq$tAH) « 7 " ULN  GUSUB 203%: GO0 430 .

HUML © YHINY “AT WHAT YEAK WILL “;R219CAB);" NE“: PHRINT "AVAILABLE? (CURRENTw=1 ,BAXw?Y)":

If Al ¢ 1 OB AL ) 100 YHEN GO3US 203: GCOTO 4vo
IEXT ¢ REBUKH

FRINY D#;"UFEN" Fs: PHINY D$;“DELEYE"
1Y R o= 2 fHEN  GUSUD 500

ERINT D8, “OFEN";F3;.",L30"

R » A = (A ¢ 1).d « O, FOR M = B TO R » AF & |

FILINY DS . WHITLE"ES; cint,uvB

PAINE AS$(H): eHINE A4s(M): NEXT

H «n -

FRING D$;"CLOSE" ;¥ HETUHN

PRINE 0 "OPCN", s, L10". PRINT DO "WRITE™ Fo," H";C;".8" ;i
PRINL ASSC1): PRINY Adsll)

PRINT O%;“CLUS iFf3: RETURN

C w 3 PIINL DS “OPEN";FY;
PRINE O3, "READ" F8,;~ A" C
THEUT BIs(C). . H24(C)
€ 2 2'AC » VAL (8184¢13):07 = AC

L o« 10:F8 o« “MAUMAY UATA.2%:. CRINT DS, “AEAD",F ;"
INPUF B1#CLC)H, B28(¢C) .
AF o VAL (L28¢CH)

FOH § =« € o+ 1 7O C + AY
FRINY D8 ;"HEALY P&, K",1
THYEUY Brstl) 82981y

HEX

HOoME © PRINGT "ITREAIHMENT TRAIN " BI¢{(C): PRINT

FRING <8, 1ALC 26 ;"L PHEINT “1"; TABC 14),"YU"; TAB( 29}, "OPEHATIUN":
13 ALY FABC E8)i“"CAPLITALY, FABC 29) ;" "MAINFENANCE"

PRINY
PRINT i VAL ) [ Mecnmmceeaa; TABC 13),
Ay - @

FUR ! a C + 1 90 C « ALt:AL « AD + 1
Al + VAL (U2801)).AB a VAL (B18(1)}

Gusuy 1000

U4 = U4 + ASEI) o AT

FRINY AL, TALC 4) ,ANSCAHD; FTABC 33);A1; TAHC 18);A5(13;: TABC 2%),A8(1)
NEX)Y @ GUSUU 1300:04 « @

AL = AL - 1: FHING Us,“CLOBL”;ts° GOBVUL 310

L = C ¢ AF ¢ 1 $F AG & U GOIO 39¥

FHING Do ;"OPEN"; E9;",L30". COTO 534

: REIUNN

=~". FABC 18),"~vwmwcar*, TAB(

Al

PHRINT

TAUC 4D, “2ECHNOLOGY™; TABC §5);“HT"; JALBC 10),;“CUST"; TAH( 32);“COST"

R A R

IHPUT AL

13):"EL™;

~96¢~



99 GUBUHE 1330 (EXT - RETURN

400 HER

608 I¥ €7 ) 2000 yHUH AICI) = L:IA&11) 2 O: GOIO 443

40% E 8 « "HAIFMAYL . LUST ONL™.L » 40:B = @

420 PUHINT Dy, "OLEN" ¥y L, L

4213 FHINT D$;“HLAD™ . " RTLCT N, U0

432 THPUY X2 ,X2,X3,%X4.%)

423 FHINYG Ds;“CLOSE™ ;TS

440 A3C1) 4 X1.AsC1) = X2

€45 D2 o« €3 - AL

450 D3 » ¢4 - €t1L ¢ L4 A - D2 7 CA

453 116 w» (1 w ASCL) A 1) ¢ (P2 2 .43 ® A4CL)) + (P3 = .2 * ASUIN

€60 ASCID w (28¢C1) ¢+ L&) » (DY)

463 U6 = V:P1 = U.F2 =~ 0:P) = 0° HETURN

7200 HOME . PHINYT “WHAL 1S 1THE DESICN LEVEL OF POQPULATION FHINT “AT THE LOCAL SI1E?": INPUT C3

703 HUME : PRINT "WHAL 18 THE EXPECTEC POPULATION CHOWTH™: PRINC “HATE EXPHESSED AS AN INTERGER? FOR ™

710 PIINT “"LXANFLE ENGER 3 FOR A TMREE FEHCEN1": PHINT "RATE AND PRESS RETUKN “: INPUT C2

713 €2 - €2 7 U0

720 MUNE : FRINT “WHATYT 1S THL FEHIOD UF DESICN 10 BE USED PRINT “IN THE ANALYSIS? (HAXIHUMe:00)*: INPUT C3

723 MOME . PAINT "WHAC 18 TUE QPPORTUNITY COST OF CAPITAL“: BAINT "OR DISCOUNT RATE TU BE USED IN THE *

730 PRINT “ANALYS1S? LNTEH AN INILRCER SUCH AS 10": PRINY “FOR A TEN PERCENT COST OF CAPITAL.Y: JINPUT C4

733 €4 » Ce 4 300

790 HUME - FRINT “A CRITICAL CRITLAIA 1IN EVALUATING THE”: PRINT “COST OF FTECHNOLOCY 13 THE LEVEL OF

73590 PRINSF “JUPPORT AVAILABLE DURING THE USE OF THEY: PRINT “TECHNULOGY. IN GENERAL A GOOD MEASURE*™

?5%  PHINT “Of 1THIS SUFFUKT 15 HE EX1STING LEVEL™: PRINT “OF THE INFRASTRUCTUHE. HMAPHAT INCLUDES®

240 PRINT “fOUR LEVLLS OF INFRASTRUCTURE. WHICH" PRINT “IHFRASTRUCTUHE LEVEL 1S CLUSEST TO THE": PRINT “DESIGN BITE?": PRINS

265 FHINT * 1--7THE INEBASTRUCTUNE IS DEPENUDENT ON“: PRINT TAH( 5) " IMVFORTED EHPLOYMENT; AGRICULTURALLY"

710 PHINT FfABC 3),"ORIENTED WICHE A VERY SHALL OF NONH-": PRINT TAH( 5)."EXISTANT LUCAL MARKET ECONDMY; FEW": PHINT TAL: 3);"1iCH
SCHUOL OGN CULLEGE GHADUAIES®

22 PHINT rAfe S "ARE AVAILASLE FO HELP LOCALLY *

273 FRINY TABC o “UNLESS FRUM A VOLUNTEER TYFE v PRINT ‘FABC 31 ,"ORGANIZATION. ALMOST 30D PERCENT™

780 PRINRF  TAB¢ 53 ;"QF LOCAL EHSLOYHENT (3 ACHICULTURE.™“: PRINT TAB( 5),"A RURAL VILLAGE 1S AN IXAHPLE.*

783 GUSUL 210: POKE J4.10

vo HUME : PHINT * 2--THL INFERASTRUCTURL 13 OLCFENDENYT": PRINI TABC 3);"0ON THE IMPORTED EMPLOYMEST OF *

793 PRINC  vAg¢ 3):“"SCIENTINIC/TECHNICAL PECOPLE BUC": PRINTY TAS( 3).“PRODUCES MANAGERS, OPERATORS, LOW"

w0 FRING  SALC 4);“LEVEL TEACHEHS, EIC. TO SUPPOKY AY. PRINT TAB( 5);"LOV 10 MEDIUM S[ZE MARKLT ECONUMY.*

avs PRINC  CAdC $S1i“APPHOXIHMATELY 30 PEACENT OF FHE“: PRINT TABU 3);”LOCAL POPULATION DERIVES A“": PRINT TAB¢ 3),"LIVELIHOUD FROM
AGRICULTURE . THE h

sao PRI TABE 23, "SECUNLBARY AND PRIMARY SCHMQOLS ARE": PRINT TAB¢ 3);“DEVELOPED BUT TUHE QUALITY OF*: PHINT TAB( 3);"INSIRULTION
HAY HE VERY VARtAOLE ™

415 . GOSUB 2310 HOML

sz20 fHING * 2. - . S-CONTEINUED. . ...*: PRINY : PRINT ABC 3);"AN EXAMPLE IS A RUHAL TOUN OR “: PRINT TABC 21 ;"SHALL Gtl1Y.*

4139 GO3IVUB 210

430 HOML @ FRINT * 3--71E INFHASTRUCTURE HAS AVAILALLE“: PHINT TAbt 3);“SCIENTISTS, ENGINEERS, AND OTHER “: BPRINT TAB¢ 3} "PHOFCYS
SI1UNRALS 8UF fHPORYS ALHOSTI-

3> FRINT  7ALC 5)."ALL KESLAKCH FROUFLSSIONALS. PRIMARY": PREINT TABC¢ 3),“AND BECONDARY SCHOOL SYSTEMS ARE™: PRINT AB{ %),“WELiL
EVELUPED WITH  GENERALLY GOOD®

840 FPRINY  TABC 9) i "TEACHERS. AN LOCAL COLLEGE MAY BE": PRIt TABC %) “AVALLASBLE. LESS THAM 23 2ERCENT OfF“

843 PRINT FAGC ) HE POPULATION PRIHARILY DEPENDS ON™: PRINT TABC 3);,“ACRICULTURE HELATED ENTERPRISE.,"

047 COSUH 210 MOME © FPRIND ™ 3-~.  _CONTINUED........": PRINY
850 FAINT TANC 3),.“AN EXAMPLE 18 A LAHGE BUT ISOLATED": PRIN1 TAHC 3),"CITY. POSSIHLY A REGIUNAL CENTER PRINT TABC 5);"0F COHM
ERCE .~

LEE) Cusuls 210

wo HUME . PRINU ™ 4--THL INVHASTHUCTURE CLOSELY": PRINT TAB( 3),"RESEHULES A LAHGE CITY IN A": PHINT TAH( 3);“DEVELOPED COUNIHY.
SIGHIFICANT"

" VRIS CtABC 33 VURY LONS OF THE POPULATION FINIBH": PRINT TAHBC 3),"“PHIMAILY AND SECONDARY SCHOOL. ": PRINT TAB{ 5);“HESEAKCH

PRUFLSSIUNALS ARE RAZADILY™

-16€~



820 PHINL CAUC L) MAVASLABLL AND HIGH TECHNULOCY §8": PRINT TAHC 5);,“ALSO AVAILAHLE. AN EXAMPLE I8 THE": PRINT TAB( 3);“NAIIORA
L CAPIVFAL U A DEVELOPING®: CPRINT TABC 5);“COUNFRY."

47¢ CGOsuy 2tu

8723 HOME © FRINY “ J--HUHAL VILLAGE LEVLL.": PRINY * 2--RUKAL ‘10WN OH SHALL CI7Y LEVEL.": PHINT " 3--LARGE BUT ISOLAYED CITY LEVEL.
“: PRINE " 9--NAUJONAL CAPLOCAL LEVEL .~

80 FPRING @ CWINT "1F YUU NECU 10 REVILW Tt DEFINATIONS™: FAINT “vOR 1THESE LEVELS ENTER HELP OTHERWISE": GOSUE 214
843 L€ AAS = "RELP™ THEN ©EXT : GOrO ?74¢

tY0 1t AA ¢ 1 OR AA > 4 THEN CGUSUB 20$: COI10 8723

493 Ca VAL ¢AAs)

8?9y IEXY . KRLIUNN

1000 RHeM

100% CP ¢ 0:C7 « 0:U1 « L1

1020 ON AL GOSUD $10L,3802,4103,3204,11035,1104,0207,0100,23909,1180,2883,3282,2133,1334,3123,1836,8317,20288,05089,2020,1328,102022,10123
S1829,0023,00236,0927,12328,0129,1130,1131,1132,31233,1134,3135,1136,1137,1138,1139,1140

1021 1F A28¢4) « "1 JHEN P2 = O

1022 IF A28¢(3) a “1" V(IIEN P31 = 0

ey REN

1030 ON €6 COSUY 1531,3832,0133, 141354

1035 FOH €8 « 1 30 C2

1040 Ul = (U1} & (1 » €2):C9 = DI ¢+ C?

ves NEX1

1030 C¥Y a CY ¢ C3

1033 IF 9% ¢ = 2300 1MLN CY « O

1040 If C9? > 2500 AND C9 < = 15000 THEN C35 = |

108y 1t LY > 15000 AND C9% ¢ » 30000 THLN C35 - 2

1070 1f €% ) 50000 1HEN C3 = 3

1073 €7 = L7 « €CS.0D2 = L3 - Al

1074 1t B2 » 0 fHEH D2 =

1080 D3 o () - (U1 ¢+ C4) A - D2)) 7 C4

1083 GUBUB e 00

1097y RETURN

1160 REM
1108 C7 « - 1: REFUAN

1102 €7 - w 1: RLIUKN

1103 €7 - = 1: AEVURN

1504 L7 - v 1: HEBURN

1103 €7 - « 1: HETURN .
1106 €7 w ~ 1: MEWURN

1102 €7 - - t: REFUAN

1108 7 o « 1.0% » 1 RETUKN
1107 ¢7 - - 1:P3 = 1: RETUAN
t1ag €72 - -1 REIURN

111 €7 - - L ¥3 < 1: HEFURN
1112 67 - - 1. REIURN

1113 ¢?7 - « 1° RETUAN

1114 C7 ~ 3 F3 » 1: RLIUVIN
1113 €7 = 10000: AEFURN

1016 €7 « 193. NLIURN

111 €7 = 10000: REFURN

1118 €7 = 10000 KLIUWR

111y ©7 - - 1.83 » t: RECURN
1120 €7 = “w 1:P3 » 1: RETURH
1323 L7 = - 1 P} = : RETURN
1122 €7 « 305:°P2 » J.F3 - 2: REIURA
1123 €7 w 337:P2 =« 1.93 = t: REFURN
1124 €% « 353:F2 « $1:F3 w 1: ALIURK
1123 €7 = 321:£2 = 3:P3 w» 1: HETURN

~-86€-



1526 L7 s $:F3 = 1 AETUNN
11272 C7 - « 1.P3 &« 1: HETUHN
1128 €7 ~ w 1:P3 = 3 HEIUKN
1129 €7 = 1.P3 = 1. RECUHYN

1130 L7 = 1: hLIUNN

L1d2 €7 « 17: geruvnan
L1322 €7 = 33: nETUKRN

1133 €7 = 49 RETUKRH

1134 C7 = 97 HL1URN

$133 €7 = 113, RUTURN
11394 C7 « 1481. HEIUNN
1137 €7 = 10000, HECUNN
11380 C7 « 1. HLTIURN

1139 C7 = 129. RESUNR
$140 L7 =« 14%: HEJUNN

13 9% ARER

1158 €7 a €7 o 0: HETURN
1152 C7 = €7 + 4. HLIURN
1193 C? « €7 ¢+ 8. HEFURN
1154 €72 =» €7 o 12 HKETUKN
12400 RO L o« 3 10 LO0GANCL) = O0:A6C1) =« O: NEXY : REIURN
1300 REH

1203 14 = INT (L4 FY = “MAFHAt DATA . 3™

1310 PRENT © PRINFT  FABCG 2) ;" TOTAL PREBENT VALUE COSf« RATIOe “;0¢
131% L8 & DB » 2:LE =« L2 ¢+ 1%

1330 PHINE D3, "urEnR™
1335 FILINT D
1340 PAINE £2. PHRINT D4

1345 PRINY D$;“CLOSL",18: RETJUHN

1250 £5 2 “HAPHAF DAUA. 37 . FNINT DS;“UPCEN",Fs;", L20"

135S FHING LS, "WRITTE™ 18", K8, 0", 8

1340 PRINT B2 Prtlur D?

1363 FHINY D8 ,"CLOSE" F$: HLTUKRN

1400 F£§ a “HAPHAC DASA 3 PRINC DY; “OPEN";F3; ", L20"

1405 AA & 1: LHINL D$ . "REAU";VS” R¥;AA;" b",8

1110  1HeUC AG, U4

1412 NOME . PRINY  TAUC 7)) “ALTERNATIVE TREATHENT THAIN® PRINT  TAUG 3);“10TAL PHESENT VALUE COST RATIOS8"
1420 PRINMC  SFABL 183" FOFAL PRESENIL™: PRINT TAB( 6);"THEATMENC”, TABC 21);"VALUE“: PRINC TAB( 8)
FRINT  FALC 68) meemmee=, TANL 218D
1421 PUKE 39,7

1425 10K F = 2 JU AL 4 )

1430 PRINED DS, "READ“ ;S H; {,",8" ;¥

1435 INEFUT AA.UY

144%  EHINT  TADC 1031 - 1, 2ABL 20);04

149497 E3 = E1 + L.EJ « €3 ¢ |

1449 12 E3 = 1% TULN GUEUH 210:E3 = 0

14580 Hexy

1465 THINY Ls,"CLOSLY§

L4729 Guiud 21Q: (EXC : HETURH

1200 RETUNN

000 ntn

180909 acH

o100 LN MHALN PHUCKANM

20020 RewM

03100 DI ASSCA0) AZ8C40) A30C40) ,A90¢40) ,A%¢100),A4(100),A7C40),A8¢(40),H13¢100),B828¢300)
20103 V% = CHHES (4) 1§ « CHitd €9).W3 » CHR$ (23)

iv110 1t AA = 2 GUIO 20120

“COST RAYIO™:

-66€~



20013
0120
20123
201230
0179
20200
10z0y
20210
20220
20223
eao
29233
0240
202390
30278
0300
0305
10310
1023212
20322
w3235
10330
10333
1034%
0330
20333
10 540
20345
w320
20373
10380
wa3en
du4eco
104910
20415
wqz0
1043
20427
20430
20433
L340
20441
10442
20445
20500
293503
0310
402t
19979
wety
30003
38010
ago1Ls
go2u
ag02s3
30050
ig1vo

PRINF Us,"PHal". PRINI W3 ;83,"
T4 w “MAPWAYT DAIA . 1% LUSUE 22%
4 = “HAPMAL DACA.3 PRINT D¢ ;“DELEIE™; Fy
E$ = “MACMAT UAVA 3
RLR

HUNME :© PAINT “WELCOME 10 O fHE COST HATIOQ SECTION OF
PRINY "0 CONSTHUCY RLELATIVE COSY fATIOS TOH": PRINT
PRINI "8Y U3ING MAPHAT IF YUU AHE [N*

PHINT “TML WHUNG SECTIUN OF MAPHAT THEN 1YPE “. PRINT

PHINF “AICHT SECCiuN THEN Y22 RIGHT ANV FRESS™: PRIN
T OARAY o “HIGIT® QU0 210279

1t AAS - “URONG™ GO0 202350

GUSUl 205%. GLUIO 20200

PHINE 06, "AUN MAPHAT. MATH

CusUl 7200

Het

HUME : PHRINY “HAPHAY OFFLEMRS TWU OUPTIONS FOR™: FRINT *
PRINT ™ T---FREAYHENT CHAIN DATA STORED “: PRINT *
PrING " 2---THEATHLHT TRAIN DAYA WHIGCH YOU™: PRINT
PHINRD PLRHENSANUTILY BY A FILE RANE ©

GusSUl 2315

1F AA « 1000 THEN GOSUL 203: GUIO 202303

I¥ AA ¢ 1 OR AA > 2 FHEHN GOSUB 205: GOTO 2063013

IY AA « ) INEN  GOTO 20380

HUME . PHIN) DU YOU HLED A CATALOG OF THE DI1SK TO *~:
Gusug 2120

3T AA € 3 OR AA ) 2 TINEN GOSUD 20%: GOTG 20330

ON AA COrO 201720.2037>

FPRINY D "CATALOGY . CUEUR 210

PRINT : PRINC “ENTER THE FULE NAME®": [NPUL ¢¥$: GCOFO 2
Fs = “HAPHMAT OATA 2%

HOME @ PRINY “HAYHAY WILL BE RIGHT BACK™: PRINYT : ERI}
GUBUR 1409

NLUME . PUINT “HAPHAT HAS STORLD YOUR THEATHENY THAIN®:

PRINF “YUU VANT TU SIOde fite DAFA UNDER A " PHINT “p
Gusule 2:0

IE AA € | UR AA ) 2 FTHLN GOSUB 20%: G010 20410

IF AN 4 2 GUIO 20300

norMe © PHINY "LO YOU NLED A CAIALOG OF THE DISK TO *“:
cusuvy z20

11 AA v ) Ot AA ) 2 THLN GUSUB 205: GUTO 20430

ON AR GOTU 20442,20443

PHINT 11, "CANITALOGG” . 6OSUN 220U

PRINE . PiINC “"UNTER THE FEILE NAMe 1HYUr F

UOME [ PRINT "YOU HAVE COMPLETED THE COST #IATIO ": FH
PHINC “PHROCEEC 10 ANOHER SECTIUN OF MHAPNACL. » PRINT
GUBUH 210

PHING DS, “HUN  MAPHAFT. MAIN"
ryu

FRINT Ls "PHa1”:. FHINT Ws;18;
FUR 1 =« 1 50 40

CRLEY TAUC 3351, TALC LI AISCLY: TABL 32);:%A=" ;A38¢2
Hex T

URINT DS, "I'Its
RE FURN

AD - 23: INPUYT “ANT AL, CUSUD 410: LOSUB 425: COSUH 4)
CUBUB 430: FOR 1 a 1 TO 40:AD & 23:A8 « [: GOSUB 913

o

"1 PRINT “MAPMAT THE PUHPOSE OF THI3 SECTION 1S5~

“TREATHENT THAINS PREVIQUSLY CONSTRUCTED™

“WHOHG AND PHESS RETURHN. 1f THIB 1S THE"

‘T "RETFUHN.“: INPUT AAS

CONSTHRUCTING RELATIVE COST HATIOS
TEMPORARILY HY YOUH USE OF ™
- YOU HAD MAPHAT STORE™

PRINT

PRINT “LOCATE YOUR FILLNANE?":

0383

N1 . PRINT TABC 12),“PLEASE WAITIII": GO3U8 533

PHIN1 “COST RATIOS IN A TEHPORARY FILE.
EHMERTAND FILE NAHE?-

PRINT “LOCATE YOUR FILENAHE?™

IH1 “SECTION OF MAPHAT ¥OU AHE READY TO
“YOU WIELL BE RETURNEO TO THE HMAIN MENU.-

Y TABC 24);"Qa “,A28¢1)

5 HETURN
NEXT

: PRINT

po-

HAPHAT.*: PAINT

-00%-
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IFReQ

aLLsr
] KLY HAFMAT  SENSITIVITY
2 REH

0 HUHML @ PIENY LU YOU WANT IML PHINTER COM?*“:. GOSUH 220
21 IF AA ¢ 1 OR AA ) 2 DieN U3V 203: COTO 20
100 LOUIO 20000
200  HEM SULBHOUUTINE SECTION
io1 nert
0% 10k L « 1 10 1 CALL ~ 1059: NEXT : HEWUHN
210 PAINE . (HPUL "PAESS HETURN TO PROCEEDI1I™;Ys: HETUHKN
1L FRING
16 FUIHT "EWTER THE WUNMBLU WIHICH HUPRESENTS ¥YOUR": PRINT “ClOICE T E . 1, 2, ETC.". IHPUT AAs
237 L€ AAS = 1 OR AAS = 2" OR AAS = 3% OH AAS ~ 0" UR AAS = OR AAS = “&§” OH AAS = “7% OR AA$ =
VAL CAAs). LOLIU 23 Y
218 AA - LUOY
2ty  REIUKN
120 FHINYG . PRING ¢ be--=~~YES”: FRINT * 2-----NO": €O3UB 21%: RETURN
215 PRINF DS, “OrEN",F$
150 1R 1 « 1 0 0. b = 0
233 PRINEC O3 ;"ALAD" F6
140 TNPUT ABSCL), AINCT) A28 C )
245 NEXT
50 PHRING DLs,"CLOSL”;t8: RETUNN
254 AC = 0: FOR 1 = 1 TO 40:A33(12 =« “0": NEXF
1% MEXY : HOME . FOR 1 = 1 70 20:AA « ! ¢ 20
58 IF A33C1) u 1" THEN A4Etl) w “ae
57?7 It A3SC) ¢ 20) = "1™ UEN A48T ¢« 20) m» “nm~
48 PRANY 1, TADC 9) AA801); TABC S);AL$CL); VABC 18);AA; YAHC 21);A98CAA); TABC 22),A10CAA): MEXT
160 PUKL 34,.20: 1¥ AC = 1 GOtO 284
145 MUML : PUIN1 “LNIER THL NURUER OF YOUR TECHNOLOGY*: PRINT “CHOICEL. » INDICATES PNIOR SELECTIONS.“: INPUT AH
170 1f AU ¢ 1 Of AY ) 40 FHEN uOSUB 205: COrQ 243
22% AJSBCAL)Y = “1V:AC « }. COIQ 293
280 HOME ;. FREINT “ANOITHER CHUICE? ENTER EIIMER NO OR THE”: PHINT “NUMBER OF YOUR CHOICE AND PRESS RETUHN.": IHPUT ARt
203 1£ AA$ « "NO“* GOIO 300
290 Ab = VAL C(AAS$)  GOTO 270 .
2793 Guro 233
00 IEXY . HLTUNN
0> HUMEL : PRINY “AVAILABLE 1LCHNOLOGIES ARE
R FOR I w» 1 10 40:A18¢C1) a * *: NEXT
315 FUH § = 1 TO 40
20 I AJ6CE) » 0" GUCO 330
iz tL AL « O GUTG 32%
2y FPRINT  TABC 2300, TABU 3P, A1), TABC 4)iALSLS)
3o if t = 20 THEN PuKe 33,14: POKE 32,23: POKE 34
3%0 KLX%
3éy FUKE 234,21, PUKL 32,0: PUKRL 33,40: HUMEL : LFf AC « 1 GOTL 283
370 MOHE : PRINC “ENSER THE NUMBER OF YOUR TECHNULOGY":. PRINT “CHUOICE. “ INDICATES PHIOR SELECTIUNS.*: [INPUT A8
37y IE AU ¢ ¢ OR AB ) 40 THEN GUSUE 205: GOTD 370
A7e 1F AJ3EAS) o “0” FrHEN COBVUS 203: GOTO 320
380 AAsC2H)Y = e AJS(AH) w "1*:AL = 1: TEXK1 : HUHME : GOIO0 318
a8s HUME . FRINC "ANOTHER CHOICE? ENFLR EITHER NO OR THE": PHINS “HUMBEH OF YOUR CHUICE AND PHESS HETURN.": INPUT AAS
3vo 18 AAS « "NHO" 0010 40>
3?23 AY = VAL (AAS): GUOIO 373
¢ 0 LOTU 415
405 fEXT : RETUHN

CHEN AA «

AC =« O

T HUME : IF AC = | THEN POKE 34,0: HOME

A



HunL

ABS w» “"aamessamesaa™ ACH & " A ADY W - “a)n -
PRINT rABC 7).,A0. PRINT ABS: FHINY ACS: HETURN

£l = 1

AA - LEHN (ASS(AHIY:AA o« 10.0 - AA

CRINE AOS, SPCC AADAVSCAG)I ;AES . RETURN

PRINI AlLs. RLIULN

POAL 33,13 PURE 32,LL. POXE 3€.7TT. RETURN

HORL . $HINY “AVAILAULE TECHHOULUGIES AME:*

fOd N -« § U <0

Ir K a 23 U'HEN  PUXL 22,14: POKE 32,23: POKE 34,1: HOME

10 A4SC(K) « ™ * COI0 97270

ERINY TABC 220K, TAULC SHALM(K)

NEX X

PUKE 34,21: POKE 32,0. PUXE 2)3,40: HOME

PRINE “WHICH reECHNOLOGY 1S YOUR CHOICE FOR": PAINT “SUPAGE " ;AJd:i%?". [HEUr

1E AGSCAD) o« & THLN GUSUB 20%: GO10 480

HOME | FHING “A2 UNAYL YEAR WILL “,AISCAB) ;" HE". PHINT “AVAILASLER? (CURNENT«1 ,HAX9Y3*:

IE Al ¢ ) OR Af 2 300 FIEN GOSUB 203: GOIO 490
TEX1 : RLITUKN

FHING D6, “OPLN":F3: PHINYT Dy,;“DELEYE” ,Fs: RETURN
IF B « 2 THEN GO5UB 300

FRINYT DS, “OFLN" ¥8;",0L810"

R a R - (AF ¢+ 1).8 » 0 FOR M = A TO R « AF o+ 1
PRINT Us ,"WRITE".L S R M, D

PRIKE A3$(R): PRINC A&S (M) HEXT

Hoen -1

PlJNL D3, "CLOSE™.Fs: NEL1UKMN

PRIUE DI 02NN 08, . L10". PAINT Ds,"WRITE",F8,",
PRINT ALs(1)2 PHINT As8C1)

BRINT O3 "CLOSBE", S RETURN

C « 1. FRINT DS, UFLN"
PRINT DV “READ>, ¥ ;"
INKFUL BL$CC), B2CC)
€ = 2:AG a VAL t313112):D7 « AG

L o« 20:F8 & “MAFMAT . DAGA.2": FRINY O8;"HEAD" F6 ;" ,R"
HPUT BIsLL) B23LC) .
Al a VAL (B2$¢C))

Ol 3 « € + 1 TUO T + A¥
FRING DS, "READ™ ., b9, "
(HPUr B1e¢8) .824¢48)
NRLX7

HOME © CHENY CCUREASTHERS THAIN < ;B1s1G): PRINT
FRINYG "8, TALC 14)
13r;"AL" TAGC 19
PRINT “E”, TABC 4),"TLCHNOLOGY "
PRINT “v-*; TABC 4}
AL o U

FUK 1 » C « 1 10 C & At:AD = AU + 1

Al = VAL (823¢1)):A0 « VAL (81s¢I))

Gosvu 1000
D4 = D4 » ADCL) + AdCI)

PRING AD, “TAHC 42 A18CAHY), TAHC 133;A0; TABC 18),ASC3); ¥ABL 2P);A411)
NEXS . GUSUR 1300 04 ~ @

AG u AC - 1: PHINT 03;"CLOSE" F9: GUsSUR 210

€ = U ¢« AF » 1. IF AG =« 0 GOJO 597

FNING DS, OUFLH" F$;”,L10": GOTU 3354

APLITAL®: TABC 29) ;“"MAINTENANCE"

TABC D25 ~=" CABR 18),"=cceec-", TABC

"B VRENY CT"; TAHC 13);"VYUu®; TAB¢C 29);"OPEHATION": PRINT

BABC 15 URT": TABC 16);7COST"; TAUC 312),"COST*

290 e mema e

INPUT A

153);E1~;

~£0%-



avy GUSUB 1330: rL¥s : HECURN

400 i

405 E¢ « “"HAPHMAY COSY UNE“:L » 4U:B = 0
s20 FHINT LS “UFEN";¥s ", L";
421 PAIHC U "HREAD” ., X$ ;" R*;C2.",B";8

622 THIFUY X1, X2 .,X3,X48,%>

423 PHINS D8, "CLOSE": F$

440 ALC1) o XP:AsU1l) = X2

443 02 = C3 - Al

40 132 w €1 - €1 +» C9) A - LIYY 7 C8

433 Ve = (PL & ASCE) " . H) o+ (P2 2 43 ® AL(I)) &+ (PI ~ .2
680 A6CL) » (AGCS) o L&) » (LD

463 D& = U:Pt = O:¥2 = V:FI = 0: RE(FURR

200 HUME @ PRINY “wi2) 18 THE DESIGH LEVEL OF POPULATION™:
705 HOME : PRINC “WIACL 13 THE EXPECTED POPULATION GROVIH®:

LR Y YRR

PHINT “AT THE LOCAL SITE?". INPUT C1I
PRINF “"RATE EXPRLSSED AS AN INTERCER? FOR *

[

710 PHINI “EXAMPLL LNWeLit 3 FUH A THREE PERCENT": PRINT “RATL AND PRESS HETURN." - IHPUT C2

233 €2 & C2 7 300
20 HORME . ¢RINT “WiHAT 18 9L FLHIOD OF DESIGN 10 BLE USED"
223 HOME : PHINF “WHAT 18 THE OFPPORSFUNITY COSI OF CAPITAL"

PHINT "IN THE ANALYSIS? (MAXIMUM=3003}*". INPUT C2J
PHINC “OH DISCOUNT RATE TO BE USED IN THE =

730 PHINT “ANALYHIS? LNYER AN INTLHGER SUCH AS 10%: PRINT “FOR A 7EN PERCENT COST OF CAPITAL.™: INPUT C4

3% €4 » Cs 7 300

740 HuML @ PHINT “A CRITICAL CHITEHIA IN EVALUATING THE™.
7350 PRINE “SUPPFORLE AVAILABLE DURING THE USE Of THE": PRINI
?%% EFRINY “UF 101S SUPFORT IS YHE EXISVING LEVELY: PFRINY *
740 FRINT “FOURl LEVELS OF INFHASTRUCFURE. WH1CE PRINT *
4% PRINY % 1 --11E INFVRASTRUCIUHLE 18 DEPENDENY ON“: PRINY
770 PRINC IABC 3),“ORICHFED WIFH A VERY SHALL QR NON-": P
SCHUUL OH COLLEGL GHADUALES®

722 FRING  FAUC 3),"AARE AVAILABLE {0 HELP LOCALLY -~

PRINT “COST OF 1ECHNOLOGY I8 THE LEVEL OF *

" FECHNOLOGY . 1t GENERAL A GOOL MEASURE™

OF THE INFAASTRUCTURE MAPHAT LHNCLUDES™

INFRASTHUCTURE LEVEL 1S CLOSEST TO THE": PRINT "DEBIGN BITE?“: PHINC
TABC¢ %), “IMPORIED EMPLOYMENT,; AGRICULTURALLY®

RINE  TABC 3);"EXISTANT LOCAL HMARXKET ECONOMY; FEW™: PRINT TABC 3):"MIGH

275 PIOINT  TALC 5);"UNLESS YRUM A VOLUNTEER 1YPE *. PRINT TABC 3);“ORGANIZATION. ALHOST 100 PEHCENT"

780 PARINT FADC 3);70F LOCAL EMPLOYHENT IS AGRICULTURE . ":
783 CLSUL 210: PUKL 34.10
7v0  HUME : PHINI * 2--9HE INVRASTHUCTIURE 1S DEPENDENT™: P

FPRINF TABC 5);“A HURAL VILLACGE 18 AN EXAMPLE."

n TABC 3);“ON THE I1HPORTED EMPLOYHMENT OF

793 PHINT  FANC 5):“SCIENFIFIC/TECHNICAL FPEOPLE BUT”: PRINT TABC 3);"PRODUCLES MANAGERS, OPERATORS, LOW~
a00 FHINT BABC %) “LEVEL TEACHERS, E1C. T0 SUPPORT A“: PRINT 1Ta8( 31;"L0W TO MEDIUM S12E MARRET ECONDHY .,

80> PRINC  [AUC S);“APPHUXIMATELY 50 PERCENC OF FHE": PRIN

AGHICULTUIE. THL"

810 PHINY TABC %) ;“SECUNDARY AND FRIMARY £CHOOLS ARL™: PR

MAY BE VERY VARLABLE ~

113 : GOSUS 210: MOHE

220 Ll 1 B T¢I

923 cosUY 210

230 HOME © FHINL * 3--THE LNTHADINULTUARE HAS AVAILABLE": P

SJOHALS QUT IMPUNRYSS ALMOST®

83y PHINY TABC 3),"ALL ALSELARCH PHROFESBIONALS. FRIMARY®:

EVELUPED WIME UCUENERALLY cuoO0-

840 PRINY TANC 3),“TEACHERS. A LUCAL COLLEGL MAY BE® PRI

043 roInT FABU 52 ;" fHE COPULACION PRIMARILY DEPENDS ORN™.
47 COSUD 210: HOML PRINT " 3-~... . CUNIINUED. .. A

850 FHINY  DABC S2,“AN LXAHPLE 19 A LANGE BUY 1SOLAMED™: P

LRCE .~

5% Cusup «10

840 HOML . PHIN1L “° q--21HL INEKASTHUCTURE CLOSELY": PRINT
SI{CHIFICANS"

885 PHING TAUC 30 "PURTIONS OF THE POFULATION FINISH“: PR

PRUFESSIONALS ARE HEAOILY®

.70 ey TABC B UAVALLABLE AU HIGCH VYECHNDLOCY I1S“: PRI

CONTINULD. ... .": PRINT : PHINT TaASB(

r FABC 3);"LOCAL POPULATION DERIVES A”: PRINT TAB( 5),“LIVELIHUOD FRUH

INT  TA8( 3);“DEVELOPED BUT THE QUALITY Or*: PRINT 7TA8( 3);"INSITRUCTION

3),“AN EXAHPLL 1S A RUHAL TOWN OR *: PHINT TAH( 5);"SHALL CITY."

RINT TAB( 5),“SCIENTISTS, ENGINEEAS, AND OTHER *“;: PRINT 1AB¢ 3);"PROFLS
PRINT TABCG 3),“AND SECONDAKY SCHOOL SYSTEMS AHE®": PRINT TABC $S):"WELL b
HNT TAHC 5);“AVAILABLE. LESS THAN 25 PERCENY OF*™

PRINT  TAHC( 3);"AGRICULTURE RELATED ENTEHPHEISE.*

::::; TABC 3);“CITY., POSSI1ULY A REGIONMAL CENTER®: PRINT TAB¢ 3);"0F COMH
TAUL 3) ("HESEMBLES A LARGE CUTY IN A“: PRINT TABC 3);"DEVELOPED CUGUNIAY.

INT  TAHC 5),“PRINARY AND SECONDARY SCHOOL. “: PRINI TAB( 5);“HLSEARCH

HT TABU 3);“ALSD AVAILASBLE. AN EXAMPLE 35 THE®": PRINT TAHC S);"NA1I1ONA

=09~



L CAPICAL OF A DUVELOPING": PRINF TABC 5);“COUNTRY *
82 Losuy 230

LY HUML © FHRINGT * 1~-MUKAL VILLAGE LEVEL.":
Y. OPRINY 4 --NATIONAL CAPITAL LEVEL =

(2 1] PIINT . FHINY "1F YUU NEEL 10 REVIEW THE DEFINATIONS”. PHINT “FOR 1HESE LEVELS ENTER HELP OTHERWISE": GOSUB 214

CER IF AAS = “HELP™ THEN FEXT : GUTO 7490

evo A AA ¢ | UH AA ) 4 1HMEH GOSUB 20%: GG10 875

893 Cé o VAL C(AAY)

8Y9? MLXT . KETUNN

tao0v0 REM

1003 €Y = D.C7 « 0.U2 - C1

1020 OH AL GOSUL 1103,1102,1103,11204,.3105,3106.2107,11008,32809,8910,3280,0002,0033,0014,1115,130846.0317,018,12319,3020.3821,1122.1123
CALTA, 025, 1826,0027,1828,81829,3130,1333,13232,12133,3334,3135,01034,1137,1838,1137,1140

toz1 11 A28¢9) u "3 JIEH ¢2 « O

1022 I¥ A28¢3) = 1" LMEN V1 = 0

102 keCH

1030 UM Cé COSUL #1318 ,1132,1833,11354

103%  FOUH C8 = 1 30 €3

1040 DI » (1) * ¢35 » C29:C? = D1 + C?

1043 NEX)

1030 C¥ » CY / C)

1043 IF €9 ¢ « 2500 1HEN C3 = O

10460 IF C¥ > 2300 AHRD CV¥ ¢ = 13000 THEN CS - 1

1045 I €C? > 15000 AN C? | = 50000 THEN C% - 2

1020 IF C? > 50000 VHEN C> - 3

LG73 C7 = €7 4 C3.02 « L3 - A}

1076 1€ 02 a U THEN D2 = |

1060 L3 = (1 .- ({1 + C4) A - D2))» ¢ Ca

1083 cusUd 600

t0¥9 HLITUNWN

PRINT * 2--HURAL 10WH OR SHALL CITY LEVEL.”: PRINT " 3--LARGE BUT I1SULATED CI1Y LEVEL.

1100 nen
1103 C7 » 349 U't = 1: REFURN

1102 L7 e« 382:F) & 1 RLIUNN

1103 €7 & 401:#1 » 1: AEVURN

1104 L7 » 417:F3 « 1 RLIUNN

1109 €7 » 433:Pt - 1. HETUAN

1104 C7 = Q4¥:1I'1 - 1: REIURN .
1107 €272 &« 443:P2 - 1: HEFUAN

L1068 C7 e 481:1'1 u 3182 = 1 HEIUKH

1109 €7 = 4972:P1F o« 1:P3 & 1: RECURN

1110 C7 = %13:F3 o 1. HETUKN

111} €7 = 329:P2 « 1 P3 - 1. HECURN

1112 €7 « 3542:¥F1 « 1. HEIUKN

1103 €2 = d61:F » } RETURN

1114 €72 « %727:92 - 1 . F3 »~ 1: KLIURN

1115 €7 . $10000. REFUAN

1134 €7 = 193: HLWURM

11172 €7 » 10000: AL PUNN

1118 €7 « 1UODD wETRR

1119 €7 = 1272:£2 4 1.P3 = HErunn

1120 C? & 20Y:F2 v 1.03 & HLIUKN

1121 €7 & 223:¢2 = L ¥3 - RETURR

1122 €72 = 30%:P2 « 3} FI & REJIURN

1123 €272 = 337:P2 o+ 1:FI » 1: HEIURN

1324 C7 « 35312 w 1:F3 » 3; HALIUHN

112> U2 & 321:P2 4« 1 FI3 = 1! HETURN .
1126 €7 = 289:¥2 = (:VP) =« T BLIUNN

=G0%-



V127 €7 «w 232:P2 = 3. P a 3: RETUHRN
1128 €7 « 473:P2 » 1.F3 & Lt: RETUHMN
1829 C7 241:02 » 1:PI3 = 1: ARETURNH

1330 C7 & t: HLY

[N 8 W S %5 HETURN
1132 L7 « 33: HEVULN
$133 €7 a 49: RECUNN
113¢ €2 o 97: REWIUNN
1133 €7 w 113: HETURN
1134 €7 u 161 KLIUKM
1137 €7 « 10000. HETURNM
1838 €7 = B1: RLIUKN

1139 €? =« 129: REFUAN
31140 €7 ~ 14%: RRIUNN

113 138,

1131 G2 =« C7 ¢+ 0. AESFUHN

1152 €7 = L7 o 4. KLIUKN

L1533 C7 =« C2 4 8: pRETURN

1154 L7 = €7 ¢ 32: HETUMN

t200 FUR 1 w 1 30 100:AX(F) w D:A6(1) = 0: NLXT : HETURN

1300 ReH

130% Ve . MY (DQ) . F8 o “HAPHAYT . DATA . 3"

1310 PRINE . PRINT FAGC¢ 2);"[OFAL PHELENCE VALUE COSC fATIQ= *;D4
12313 V8 o D8 ¢+ 1:0L2 ~ EZ ¢ 1

1330 PHINT 03, ,"0OPEN"; 3™, L210*

1329 PRI DI, "WhIBE";F8;% A" ,;Da,;" ,b™;D

1340 CPRINS E2: PAINTE 04

1343 PHINY Ds,"CLOSL" Fs: RETUHN
1330 F$ o “HAPHAY DACA. PAINT O
1438 PRHINY DA WHITE" (Fs$ " Hiv;
1340 PHING ©7; PAINT 02

1385 PRINT D3, "CLOSL™” IS BETUKN
1400 FJ3 « "MAPHMAL DAFA .3 FAINC D OPEN"; F . L20"
1403 AA « 1: FRINYT LS, "HLALYFS$; AA;".B

1310 IHPUT AC, D4

413 HOML : FRINI  JAUC 23 "ALUTERNATIVE TREATHENT TRATN": PRUNT  TASt 3);“TOTAL PRESENT VALUE COST HATIOS
1420 PRINC (ARG 18),“FOFAL PRESENT": PRINI FABC &) ;"THEATHENT™; [A8¢ 21),“VALUE": PRINT TAHC 8);"THAIN"
FRINY  TALC 6),"--w~- " FABL 18) e

L4211 FOKL 34,7

1925 FUK E s 2 10 AL ¢ 1

1420 PRINT 08, HEAD” F3." R";(:", 8
1935 INTUT AA, D4

1443 PHING  TAHC 100,101 - 3 TABC 30);04

1147 &3 = g1 + 1 ®©3 = £3 « 1

1498  IF L3 ~ 12 THLN GUSUY 210:E3 = 0

1430 NEXT

148%  PHINY DI, CLUSL™Fs

147% GUSUB 210: feXF : RETURN

1500 HEIUEN

26000 RLH

20003  Hend -

20010 HEH i HAIN PROGHAM

20020 RAen

20100 UM AZ8{40),A28C40) ,AI8(40),A48¢40) ,A3C100),A6¢100),A7C40),A8(40),814(¢1003,2¢¢100}
20103 DS « CHAS (4).03 = CHAY (P2:We o CHHS 23)

20010 1F AA « I CUUIO 20120

20113 PHINT O;"CHEL": PRINT M4 ;08,0

PRINT
‘TABC 18);"COST RAYIO™:

-90%-



0120
20130
1019y
20200
10220

ES o “MAFHAY DATE 1": GOSUH 225:F¢ = "MAPHAT . UAA.2"

REM v « "HAPHAL DAFA 3"

HEM

e

HuRe FHINY “WELCOHME 10 THE SENSITIVIIY SECTION OF": FRINI “MAPMAT. I8 1HI% SELTION YOU CAN®: PRINT “nOoDiryY FREVIUUS

O $HVESTIGArE"

10221
20322
0223
201230
w23k
20240
10250
10255
20440
1024%
202484
0247
20240
20249
2022y
10276
20280
10289
20290
2029y
20276
10300
2u3so
10333
20360
20385
203vo
20373
20380
20385
zu400
20430
20415
20420
104238
20127
20430
204335
20940
20491
20442
20443
20300
20503
010
10518
20600
10700
1rvyy

PHINY )il LFELCT OF ALTEMNATE INFORMATION

PRINT I+ YOU HAVE ARRIVED AL rl¢ WARONG POINT”: PRINC “THEN ENTEH WRONC AND PAESS RETURN. IF *

PRINT “THIS 18 THL HIGHT SECTION OF MAPHAT *“: FHINL “THEH TYCE RIGHY AND PRESS RETURN.“: 1HPUT AAS

IF AAY o "RIGUT™ GOTL 202353

IF AAS$ « “WHONG" GO0 20250

GOBYHB 2us. GOFO 20200

PRINT US:"KUN MAPHAT HAIN®"

HOML : FHEINT “THERE ALE SIX ALTLHHATIVE PARIS IN THE *“: PRINT “SENSITIVITY SECTION OF HAPHAT. You

PRINC "WILL BE AGLE FfO RUN ANY OR ALL OF [IE " PHINT “SECTIONS. THE ALUERNATIVES ARE:": PRINT

FIINT  TALS 32 ,"1-- -LHANGE 11IE AVAJLABLE TECHHOLOGY *: PRINT ‘TAB( 3);"2---CHANGE THE TREATEINT TRAINS OR”
PRINC fAB¢ 7)."FREATHENT GOALS.": PHINT FAB¢ 33;23 ~CHANCE FHE ANSWEHRS TQ OQUESTIONS™

rRrin TALC 73, "WHICH DEVERHIME THE AVAILABLE “: PHINI TAEt 7)) ,"TECHNOLOGY . “

PRINT  TAGC 3),"“4-- -REHUN HAPHAT USING NEW OATA.": PRINF TAH( 1):"3-~-CHANGE THE COST RATIO OATA."

FHIN VAL 3, ~~=CHANGE THELC COS87T CFFECTIVENESS”: PHINT TABC 7); ATA . "

COUSUY 213

I AA € 1 OH AA ) 4 THEH GUSUB 2032

GO0 20155

IF AA = 3 VHEN PFRINC DS;“RUN HMAPHMAT.AVAIL”

1T AA a 4 JHEN PRINT D3 “HUN HAPMAT.MAIN"

IF AN = 4 [HEN  PRINT 09;“HUN NAPMAL. EFFECTIVENESS®
IT AA =« 1 wUIO0 20600

1€ AA » 2 GOTO 20700

REM

MUME @ PHINT DO YOU NEED A CATALOG OF THE DISK TO PHRINT “LOCATE YOUH FILENAME?"™:

cousuy 2:0

I¥ AA ¢ 3 UMt AR > 2 THEN COSUEB 203: GOFO 20250

UM AA COsv 20370,203800 -

PUINT US,"CATALULG": GUSUB 210

PRINC . PRINSI “ENTER fFHE FILE HAME": INPUT T3

GUsSve 200

HUME . PhINI “HAFMAT WILL BL RIGHT BACK®Y: PRINT : PHINT : PRINT TAD( 12);“PLEASE WAITIII": GOSUE %33%
cusus 14900 .

HUME . FNINL “MAFHMAT HAS $710HED YOUR THEATHEN)Y THAIN® PHINT “COST RHATIUS IN A TEMPORARY FILE. [+]+ g
FRINT »YOU WANS 0 S0CORE THE DATA UNUER A *: PRINT “PENHENTANTD FILE NANE?*

GOSUE 2%u

1 AA ¢ 1 UR AA )} 2 JHEN GOUSUS 203%: GO0 20410

1f AA a 1 COIU 20500

JIOME © BPRINT 00 YOU NELD A CATALOG OF THE DESK i PRINT “LOCATE YOUR FILENAME?*™

cCO3UY 220

1 AA ¢ 1 UH A2 > 2 THEN GOESUH 205 C0O10 20430

VM AA COTU 20442.20443

PRINT LS. CATALOG" - GuSulr 210

PRINY . PRAINY “ENTER INE FILE HAME®. INPUSL 1

HUHL . PHIND "YOU HAVE CONFLETLD THE COUST RATIO ™. PRINT “SECTIONR OF MAPMAT. ¥OU AHE HEALY TO *
PRINT “"PAOCERD TO ANOFHER BECTION OF HMAPMAT . ». ERINI “YOU WILL HBE HETURNED TO THE HAIN HENU .
Gusve 210

PRINS O “RUN MAEMAT MAIN-

PRINY Ds;"HUN MALMAT.OPtINMIZE"
PHINET D9, “HUN HAPMAT . OPTIMIZE"
LND

OATA

~-L0%-



1.

2.

3.

4.

Appropriate technology .

Contaminated water .

Turbid water .

Clean water

APPENDIX Y

GLOSSARY

technology which is suited to local
conditions on the basis of resource
availability, technical constraints,
the economic infrastructure, and
cultural factors.

water which is generally unfit for
human ase due to level of pollutants
which it contains, i.e., coliform
bacteria, DDT, heavy metals, etc.
water which contains suspended
materials such as dirt, solids, etc.
water free from significant amounts

of contaminants and/or turbidity.
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10.

11.

Waterborne diseases

Water wash related

diseases . . .

Water related insect

vector diseases

Infrastructure .
MGD . . ..
Modem . . .

Kinetics and mass

balance equations

-409-

those diseases which are contacted

through the consumption of water.

those diseases which are generally
correlated with the unavailability
of clean water to rinse vegtables,

etc.

those diseases which are generally
contacted when water stands untreated
in open catchment for significant
periods of time.

the institutions, forward and economic
backward linkages, public services,
and public works supporting economic
development.

million gallons per day.

a telecommunications device to link
one computer to another over telephone

lines.

those physical, chemical, and/or
mathematical relationships which
define how a particular process will
react during the treatment of

water/wastewater flow.
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12. Treatment goals . . . . . . . the specification of the standard
levels to be allowed for certain
pollutants; i.e., biological oxygen
demand (BOD), most probable number
(MPN) of coliform, chemical oxygen

demand (COD), etc.



