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This document is the result of a long term effort of staff working on the
World ank/UNDP Community Water Supply Project (previously the Handpumps
Project) as part of the International Drinking Water Supply and Sanitation
Decade. It supplements the recent report "Community Water Supply: The
Handpump Option" which presented the conclusions of the first five years of
the Project's work and World Bank Discussion Paper No 18 "Rural Water Supply
and Sanitation: Time for a Change". During the first phase of the Project, It
was recognized that the analytical framework for selection of water supply
service levels and cost estimation for low cost systems was lacking. One of
the many activities of the Project was the collection of Information on the
cost of community water supply projects. The development of this technical
note has its foundation In the synthesis of this Information base.

Using the information gathered by Project staff, an analytical framework
was developed for estimating the costs of small-communlty water supplies.
This analytical framework was then codified in a computer model that allows
flexible and quick evaluation of the cost of various levels of service and
technologies.

The other component of the analytical framework that the project found
lacking was an adequate means of estimating the benefits of improved water
supplies. After lengthy debate and consultations, a decision was taken to use
time savings as an indication of benefits, and a demand curve was developed
based on observed practices. Since health and other benefits may play as
Important a role as time savings In determining the value a person places on a
water supply, these may also be Incorporated In the analytical framework
presented here.

The computer model described In this report Is intended to assist
planners and those Involved In Implementation of small community water supply
programs. It Is not Intended to replace feasibility studies or detailed
project planning, but merely assist In making rational decisions on technology
choice and service levels.

We intend to continue to strengthen, and expand the database and refine
the estimates of the parameters that impact the costs and benefits of
community water supplies — we therefore request any comments, information, or
data you may have that would help us. Data on unit capital costs,
maintenance costs, as well as health and other benefits would be particularly
appreciated.

A copy of the computer model, ready for use on an IBM-PC compatible
computer system Is available upon request. Please write to:

Mr. Saul Arlosoroff, Chief (INUWU)
Infrastructure and Urban Development Department
The World Bank
1818 "H" Street, N.W.
Washington, D.C. 20433 USA

Telex No. ITT 440098
Fax No. 202-477-6391
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INTRODUCTION

A Planning Tool for Low-Cost Coaiunlty Water
Supply Systems

This note presents a deliberately simplified
analytical tool, based on cost/benefit
analysis, that can be used to evaluate proposed
community water supply (CHS) projects. A
computer node I has been developed so that
alternative systems can be assessed quickly.
The way In which the model can be used in
project planning will be described through
examples and discussion. The examples are
based on field conditions, likely to be the
encountered In developing countries, and where
possible broad rules of thumb are developed for
making decisions on CHS options. A user guide
and documentation of the model are provided In
the annexes. A copy of the model Is available
on request, however, the recipients will be
requested to send us the data assumptions and
results of their applications for use in
refining the model.

The model can be used to compare the costs,
benefits, and service levels of alternative CHS
systems and perform sensitivity analysis on a
wide range of assumptions. It Is Intended that
the user of the model adapt the basic
assumptions to be used In the model to fit
local conditions.

The model should be considered as a
simplified working tool, to be used with
cautious Judgement when applied to a specific
community water supply program. The model is
In no way intended to replace community
choice, for the community must be responsible
for Its water supply system and so must make
the final decision on what type of system It
wants, can afford, and can maintain. The
technology chosen should give the community the
highest service level that it is willing to pay
for, will benefit from and has the
institutional capacity to sustain.

The model and analytical framework are
supplementary to the conclusions of the first
five years of work on the assessment of
available technology and management options for
the wide-scale Implementation of community
water supply systems, which have been

summarized in the report "Community Water
Supply: The Handpump Option" central to both
the assumptions in the model, and one of the
key themes of this report, Is the concept of
Village Level Operation and Management of
Maintenance (VLOM), as the least cost solution
for sustainable water supply systems
regardless of technology choice. The VLOM
approach has been tested and verified for
handpump based systems, but we are currently
lacking adequate field data on costs and
maintenance requirements of the other
technologies, so our conclusions are only
tentative In regard to the non-handpump
technology options. It Is planned that as we
refine the data, further technical notes will
be forthcoming.

Costs: The model evaluates and compares the
costs of alternative pumping technologies and
types of water supply systems. Pumping
technologies Include manual (handpumps),
electric, dlesel, solar and wind pumps. Water
supply systems Include point sources
(handpumps and public standplpes) and yard
taps. The cost of system components such as
pumps, wells, and storage tanks, village
characteristics such as population and housing
density, and economic parameters such as
discount rate and useful life of equipment can
be varied to fit site specific conditions.

Benefits: The model estimates the benefits
from time savings that are derived from
improved levels of service and from Increased
water use. Health benefits, quality
differences between alternative sources, and
benefits of new productive uses of water can
be incorporated into the model, but only In a
more artificial manner by adding estimated
benefits for them to the time savings benefits
calculated by the model. This simplified
treatment of benefits was necessary because It
was beyond the scope of this work to evaluate
such benefits and because they tend to be site
specific.
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Net Benefits: By subtracting the total cost
fron the total benefit of a water supply
option, the resulting net benefit provides a
means of comparing different technically viable
options. This comparison can either be between
different types of systems (i.e. handpumps,
standplpes, and yard taps) or within systems
(for example one, two, or three handpumps or
standplpes In a community.

B. Service Level

The community perception of an Improved
water supply will largely be determined by the
service level provided. This perception will
be critical In convincing the community to pay
for the costs of the system. The service level
provided by a new or improved water supply
Involves a combination of factors, including
the quantity and quality of the water, the
amount of time needed to collect water, and the
reliability of the system.

Quantity: Dally water consumption has been
reported to range from 3 to 300 Icpd (liters
per capita per day). The high end of this range
is associated with house connections for
relatively affluent communities where
households have multiple water fixtures and
gardens are watered. The low end of the range,
which approaches the minimum necessary to
sustain life, nay occur where water has to be
carried for long distances. For point sources
(open wells, handpumps and standpipes),
household usage In many parts of rural Africa
and Asia Is commonly 15 to 25 Ipcd, when water
Is used only for household purposes. If
families also need water for a few head of
livestock, consumption can increase to 40 or 50
Ipcd, much of which is normally used at the
water point source. When water is piped to
yard taps, water consumption Increases to
between 60 and 100 led, even If only used for
household purposes provided the supply system
functions regularly which Is often not the
case.

Quality: The microbiological, chemical and
solids content of water affect the service
level. Water-borne diseases must be guarded
against either by protecting the water source
from contamination or by disinfecting the water
before use. The handling of the water Is

closely tied to expected health benefits. The
chemical quality, usually of groundwater, may
cause water to taste poorly (salts), discolor
food and laundry (iron) or cause Inefficient
soap usage (hardness). While the turbidity,
usually of surface waters, can make water
aesthetically unacceptable. These factors can
easily be overlooked during project
preparation and result In a lower level of
service than expected or even failure of the
project.

Collection time: The human effort Involved
In collecting water is evident for the
majority of 1.8 billion people without access
to Improved water systems. This effort Is
often a major factor In the communities
perception of service level. In the analysis
presented here, a distinction will be made
between point source and yard tap systems.
Point source systems necessitate that water be
carried home and so I in It the amount that can
be used. Yard taps, on the other hand convey
water by pipeline to the point of use. The
service level offered by point source systems
depends on the number of handpumps or
standpipes In the community and the water
delIvery rate.

Reliability: Reliability is very
Important and often overlooked when
considering service levels. It requires a
realistic assessment of the likelihood that a
particular system can be operated and
maintained at a reasonable cost. This lack of
attention to reliability is reflected In the
many systems, both manual and powered, that
have fallen into disrepair not long after
being constructed. In such Instances the
investment Is wasted and the new "Improved"
water system source In the community
ultimately gives a lower level of service than
the traditional community water source. The
analysis presented here assumes reasonable
maintenance expenses can provide a reliably
operating system. The realization of health
benefits is also highly dependent on the
reliability of the improved water supply
systen, since even periodic usage of
traditional sources, which are often polluted,
can retard the Improvement In health.
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C. Resource Constraints

Choice between technology options Is United
by physical (water and energy), organizational
and financial constraints. Each of these
factors should be considered by planners and
the coBiunlty to be served before a particular
water supply systen is selected.

Water: Surface water sources (rivers,
lakes, etc.) need to be Identified and compared
with groundwater In terns of availability,
water quality and cost. (Note: The current
version of conputerlzed analytical model is
limited to ground water based systens due to
its generally universal applicability, however
the aethodology is applicable to any water
source and others will be Incorporated as time
and resources pern it.

Protected surface water sources (springs and
upland streams) can provide very reliable
service if water can be conveyed by gravity and
water is available throughout the year.
Treated water from rivers and lakes also
provide good service if reliable operators,
spare parts and uninterrupted supplies of fuel
and chemicals are available. However, even
temporary failure of the treatment system can
result in serious outbreak of water-borne
disease.

Compared with surface water, groundwater has
several important advantages:

-It yields safe water that rarely needs
treatment.

-It provides a substantial storage buffer to
cope with seasonal variations in supply and
denand and with prolonged droughts.

-It allows the community to manage and
maintain the systen more effectively
because the entire system is located In or
near the conmunity.

The depth of the groundwater table and its
extraction capacity should also be assessed
since it will deters Ine the type of pump that
is used. Handpunps provide a good quantities
of water for pumping lifts up to about 25
meters but only narginal quantities for lifts

In the 40 to 50 neter range. Above this
motorized pumps should be used If they can be
maintained. A more detailed discussion of
handpunps Is given In "Community Water Supply:
The Handpurap Option" by S. Arlosoroff, et al.
1987.

Potential well yields can also affect the
choice of pumping technology. This Is
particularly true In the basement rocks of
Africa and India where It can be difficult to
site wells even to draw the minimum acceptable
flow for a handpump (about 12 liters per
minute), and very large drawdowns can be
expected if motorized pumps are used. As a
result, the cost of a well suitable for
motorized pumping can Increase markedly
because wells nay have to be deeper and the
nunber of successful boreholes will decrease.
In such cases use of trained hydrogeologists
in well siting can Increase success rates and
lower the average cost per successful well.

Energy: Energy sources Incorporated In the
model include manual, electric, dlesel, solar,
and wind. (Note: Aninal power may be
Incorporated In a future version.) Manual
pumps have the advantage that their operation
Is not susceptible to supply interruptions.
However, nanual pumping Is limited by the
amount of power (rate of energy expenditure)
that a person can apply to a pump. This
limits both the depth fron which water can be
pumped and the anount of water a person can
draw each day.

Electric pumps are a proven technology that
can reliably provide large quantities of
water. Whenever a community Is served by an
electric grid that Is not subject to frequent
power outages, electric pumps are likely to be
the technology of choice.

Diesel pumps are more problematic because of
the difficulty of maintaining fuel on hand,
when It can be diverted to other buyers or
delivery trucks either breakdown or are
prevented from reaching their delivery points
because of bad road conditions.

Solar and wind pumps have one potential
advantage over diesel in that they are not
dependent on external fuel supplies. Solar
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energy Is particularly suited to nany low
Incone countries because of their proximity to
the equator and the high and consistent solar
radiation they receive throughout the year;
while wind pumps will continue to have Malted
application because winds of sufficient speed
and reliability to sake thea econonlcal are
available In United locations.

Planners must take account of the fact that
as the pumping technology becomes more complex,
small communities become more dependent on
external resources outside their control. As a
result there Is an Increasing risk that the
system will not be maintained and end up
providing no service at all.

Organization: It Is clear that many
projects have failed because the necessary
skills, supplies, and Institutional structures
were not available to keep then functioning.
For all schemes an organization such as a water
committee Is needed to manage collection of
charges froa users, to Initiate repair and
maintenance activities, to pay for maintenance
services, and to procure spare parts. Motorized
pumping schemes are more complex since in
addition, they require, a reliable power
supply, a greater variety of spare parts and
tools, and more advanced mechanical skills.

VLOM - for Village Level Operation and
Management of Maintenance was coined to
highlight the need for strong community
involvement In the maintenance of water supply
systems. This leads to a number of specific
design targets related to routinely
replaceable components; they should be:

-readily available locally and preferably
nade in country;

-easily transported by a person on foot,
on a bicycle, or on a bus;

-replaceable by a local artisan or
technician, using only a few simple hand
tools without need of lifting equipment;

-easily affordable to the community.

Self reliance at the community level Is the
only workable alternative in the long run.
Dependence on centrally administered "mobile"
maintenance teams has proven untenable both
administratively and financially.

While the tern VLOM was originally applied to
handpumps, the same principles apply to other
technologies. Handpumps meet VLOM criteria
best for low Income communities as spare parts
are Inexpensive, can be manufactured, and only
a few are needed. Electric pumps meet VLOM
criteria where electric grid power Is reliable
and replacement parts are available to and can
be afforded by the community. While It Is
unlikely that the electric motor can be
repaired by a village repairer or area
mechanic, he or she can be trained to replace
It with a new or reconditioned unit.

Solar systems for water pumping have been
under development for over 30 years. In the
recent years progress has been recorded in
their costs and reliability. However before
large scale Implementation along a number of
years (5-10) can be observed and field
maintenance costs can be objectively collected
we are forced to rely on manufacturers data
with the appropriate reservations. As field
performance becomes better documented and It
Is shown that village repairers and/or area
mechanics can troubleshoot the systems and



Draft 9/87

repair then, solar pumping will find more
widespread application. For dlesel pump
systems, there are numerous examples where
gasoline and dlesel engines are being repaired
by local technicians. The typical problems
with dlesel systems in the availability of
spare parts and fuel.

Finance: By the year 2000, sone 1,500
million people will still need new or Improved
service If substantial rural water supply
coverage Is to be achieved. Globally, it has
been estimated that approximately US$1,500
million Is spent each year on the construction
or rehabilitation of RWS projects.

Today capital costs of RWS projects range
from US$10-40 per capita for groundwater
schemes based on handpuinps, $25-60 per capita
for standplpe supplies, and $60-120 per capita
for yard taps. To meet the global needs
financially, it Is clear that either those
communities in need of improved water supplies
will have to pay a significant portion of the
costs, even for low-cost solutions; or
governments aust greatly Increase their
expenditures on RWS and maintain them
indefinitely.

The cost Implications of developing a viable
program of community involvement must not be
overlooked. There should be an explicit
allowance In project design for human resources
to carry out an Information/training component
as a part of all CwS projects. Where possible,
this might be coordinated with an existing
health program or agricultural extension
service. Experience has shown that where
community Involvement programs have not been
successful in raising tha communities
understanding, the negative costs in terms of
failed systems (wasted investments) can be very
high.

11. COSTS

A.Overview

Water supply systems have both capital costs
and operation and maintenance (0&M) costs.
Capital costs are Incurred when a system Is

installed or major components are replaced.
While 0&M costs recur every year. A correct
comparison of different options must take into
account both capital and 0&M costs over the
expected physical Iife of the equipment. This
Is done by discounting, or taking into
consideration the time value of money
(discount rate). The discount rate can be
used to either calculate present values of a
cash flow or amortize a single amount Into an
annualIzed equal flow over a period of time.
In the analysis presented here the capital
cost is converted Into Its annual equivalent
taking Into account the expected life of the
components. To this annual equivalent of the
capital cost Is added the undlscounted annual
0&M cost to give the total "annualIzed" cost.
It was felt that this annualIzed cost would be
easier to communicate to the decision makers
in a small community, and Is equivalent to
using present values when comparing systems
over a similar tine period.

In addition, labor to manually pump water
and/or to carry It to the point of use from a
handpump or standpipe has a cost associated
with it. Because the value of time placed on
water collection is variable and very
difficult to estimate, this overview will
begin by summarizing the cost of water in
terras of annualized capital plus 0&M costs. A
brief analysis of the effect that the value of
time has on the cost of water will then be
presented, and this will be followed by
discussion of a method of cost benefit
analysis that Incorporates both annualIzed
costs and the value of time. This analysis
will simply highlight the Important factors
that affect the cost of water and suggest rule
of thumb ranges within which particular
technologies are most likely to be most valued
by the community and therefore be successful.
Perhaps even more important will be the
elimination of options through use of the
model at the early planning stages so that
efforts can be concentrated on viable
technologies.

B. Cost Comparison of Pumping Technologies

When comparing the costs of different
pumping technologies. It is useful to define a
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set of characteristics for a "prototype
village" and then vary Individual parameters to
observe their Individual effects on the cost of
water. A summary of the characteristics of the
prototype village is presented In Table 1. In
doing these cost comparisons, water use is
fixed at 20 led, the collection tine Is held
constant at 3.7 hrs/n3 (4.5 Bin/trip) for
handpumps and 3.0 hrs/nr (3.5 aln/trlp) for
standplpes. In so doing the service level Is
held approxlnately constant, and as will be
shown later, these collection tines correspond
to optinun handpump and standplpe systems when
both capital plus O&M costs and benefits from
time savings are considered. For the prototype
village of 500 persons and 20 households per
hectare there are 4 handpumps (125 persons per
handpunp) and 3 standplpes (167 persons per
standpipe). To keep the collection tine
constant, the number of HP's and SP's will vary
In some of the sensitivity tests which vary on
the population, pumping lift, and per capita
water consumption.

Table 2 shows the breakdown of costs by
conponent for the five main water pumping
technologies (manual, electric, dlesel, solar,
and wind) In the prototype village. (Note:
Annex A provides a detailed description of the
basis of the cost calulations used in the
computer model.) These figures for the
prototype community system closely reflect
observed data from a large scale point source
program In Nigeria, where the node I was found
to be a useful pragmatic tool in the planning
stage.

Table 1

DEFAULT VALUES FOR COMPONENTS OF
PROTOTYPE WATER SUPPLY SYSTEM

Demographic Characteristics

Total population 500
Family size (persons/household) 8
Number of households 62
Housing density (households/hectare) 25
Persons per hectare 200

Economic Conditions

Discount rate (X) 10
Useful life nech. equip. 10
Useful I Ife non-seen, equip. 20
Annual 0&M/nech. eq. (X cap cost) 10
Annual O&M/non-mech. eq. (X cap cost) 1
Electric Power Cost (S/KWHR) 0.10
Diesel fuel Cost ($/llter) 0.50
Solar Insulation (KWHR/M2/0ay) 5
Average Wind Speed (meters/second) 3

Water Supply System

Distance to old source (m)
Distance to new source (o)
Volume carried per trip (I)
Walking speed (km/hr)
Col lection time

Travel time (raln/trlp)
Queue time (nIn/trip)
Fill time (mIn/trip)
Water use (IIters/cap/day)
Number of wells
Number of water points
Cost per we 11
Pumping & storage Iift (m)
Storage volume (V/Q)
Water delivery rate (l/mln)

HP's SP's YT's

500
50
20
3

1.0
1.5
1.3
20
4
4

2000
20
-
15

500
45
20
3
*

1.0
0.5
1.3
20
1
3

2000
30
1

15

500
-
_

_
80
1
3

2000
30
1

10

•Collection time for yard taps is set at 1
hour per cubic meter of water.
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Table 2

THE COST OF WATER SUPPLY SYSTEMS
PROTOTYPE COMMUNITY

Systea
Component

CAPITAL COST ($)

Manual Electric Diesel Solar Wind

Wells
Pump
Storage
Piping

Total

ANNUAL 1 ZED

Capital
O&M
Elec/Dsl

8000
2600
-
-

10600

2000
1700
3400
3100

10200

PER CAPITA COST

2000
4700
3400
3100

13200

2000
6300
3400
3100

14800

2000
6200
3400
3100

14700

($/caplta/year)
PROTOTYPE COMMUNITY

Manua1

2.75
0.80

-

Electric

2.65
0.75
0.20

Diesel

3.60
1.90
0.40

Solar

3.70
0.80
-

Wind

3.70
0.75

-

Total 3.55 3.60 5.90 4.50 4.45

Population: The curves In Figure 1 show the
cost of water ($/caplta/year) for manual,
electric, dlesel, solar, and wind point source
systems as a function of connunlty population.
Because handpumps have a United capacity
(m3/day), additional wells oust be added to
keep the service level constant (In this case
at 125 persons per handpump), so on a per
capita basis the cost of manual puoplng does
not vary with population. Other types of pumps
are not limited by the amount of power a person
can apply and so require only a single well and
exhibit varying economies of scale. Diesel
pumps have the greatest economies of scale
because the engine is expensive and Its price
varies little with capacity in the output
ranges required for small community water
supply. Wind and solar pumps on the other hand
can be sized in proportion to the power that Is

required and exhibit somewhat less economies
of scale. As a result, when water demand is
20 Ipcd, handpumps provide water at least cost
for populations under about 1000, solar do so
for populations between 1000 and 2000, while
dlesel do so for populations above 2000. If
larger volumes of water are required, these
population ranges will decrease. Electric
pumps provide water at least cost In all but
the smallest communities.

Figure 1
w w or ennurnr rmxxxm

Water Use: As per capita water use
Increases, queue tine at the source will also
increase. In order to keep the service level
constant the number of handpumps must Increase
as water use does. As can be seen In Figure 2
this results In the cost of water from
handpumps Increasing faster than other pumping
technologies and again, the varied economies
of scale of the different pumping technologies
results in manual, solar, and dlesel pumps In
turn providing water at least cost as water
use increases, with handpumps most economical
below 30 Ipcd, solar between 30 and 60 Ipcd
and dlesel above 60 Ipcd. Electric If

10
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available again provides water at least cost in
almost all circumstances.

Well Cost: Well cost can vary from as
little as $200 per well In Bangladesh, where
artisans use the sludge method to drill as deep
as 50 meters In alluvial soils, to more than
$15,000 In some places In West Africa. More
typical well cost are In the range of $1500
(India) to $2500 (East Africa) for wells up to
50 meters.

The potential high cost of manually pumped
water can be demonstrated, as shown in Figure
3, by keeping the collection time (hrs/m 3)
constant. In actual practice, however, as the
cost of wells Increase a single handpump will
be forced to serve more than the 125 persons
used In the prototype village and result In a
lower service level. This will tend to
moderate the effect of Increasing well costs on
a per capita basis. Nonetheless, planners
should guard against serving too many people
with a single handpump. Other pumping
technologies are relatively less affected by
the. well cost where for example a 10 fold
increase In well cost from $1000 to $10,000 per
well results In only a 50 to 75 percent
Increase In the cost of water.

Figure 2
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Lift: Because the amount of effort
required to pump water Increases with
increasing pumping lift and because the amount
of power a person can apply to a handpump Is
limited, the cost of manually pumped water Is
more sensitive to pumping lift than other
technologies. As a result, In the prototype
village handpumps are more economical than
electric pumps only below about 20m, solar
below 25m, and diesel below 35m. (See Figure
4 ) . Again, in actual practice the handpump
cost will not Increase as suggested here
because service levels will be allowed to
decrease somewhat with increasing pumping
lift.
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Figure 4
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Figure 5
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Energy Cost: Electric power cost has little
effect on the cost of water (see
Figure 5). For example, doubling the electric
power cost from 10 to 20 cents/KWHR causes the
cost of water to rise by 4 percent (0.14
$/caplta/year). Diesel fuel has a somewhat
greater effect, for doubling the cost of dlesel
fuel from $0.50 to $1.00 per liter causes the
cost of water to rise a 14 percent (0.80
$/capita/year). Solar insulation has a greater
effect on the cost of water, since the size of
the solar array Is Inversely proportional to
the radiant solar energy. Solar Insulation is
typically between 4 and 6 KWHR/m2 /day,
corresponding to water costs between 4 and 5
dollars/day. Wind speed has a major Impact on
the cost of water from wind pumps because the
cost of a wind pump Is Inversely proportional
to the cube of the wind steed (v 3). Average
wind speeds above 3 m/sec are unusual, but to
be competitive wind speeds must be at least 4
m/sec or more.

C. Technology Choice Based on Cost

Population, per capita water use, pumping
lift, cost all affect the cost of water. Hell
costs are largely dependent on external fac-
tors such as construction management effi-
ciency, type of well rig, competition between
drillers, and amount of expatriate
Involvement. Where these factors are
favorable such as In India and some locations
In Africa well costs are in the range of $1500
to $3000 and are not an important factor In
technology selection. Where well costs are
high, efforts should be made to reduce the
costs of wells, rather than allow the high
cost of wells to drive technology selection.

Population, per capita, water use, and pumping
lift therefore are the most Important factors.
The combination of population and per capita
water use sets the amount of water that Is
pumped each day (m3/day). This leads to a rule
of thumb for choice of pumping technologies as
summarized In Figure 6. For the prototype
village where the pumping lift Is 20 meters,
If the water consumption In the community Is
less than about 20 m3/day, handpumps are the
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least cost alternative; If consumption Is
between 20 and 30 ra3/day, solar becomes the
least cost alternative; and if consumption
exceeds 30 m3/day, dlesel Is the least cost
alternative. If grid power Is available In the
community, electric pumps can provide water at
least cost If consumption exceeds about 10
B3/day.

Figure 6
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The results In Figure 6 were for 20m pumping
lift. A rule of thumb that takes pumping lift
Into account can be derived by taking the
product of the pumped volume (ra3/day) and
pumping lift (m); this gives the amount of
energy (m4/day) required to pump water. For the
characteristics of the prototype village,
handpumps provide water at least cost If the
product of the pumped volume and pumping lift
is less than 400 mVday, solar pumps provide
water at least cost In the range of 400 to 600
mVday (assuming that solar systems can be
sustained with a VLOM approach), and diesel
pumps do so above 600 mVday.

D.Comparison of Handpump, Public Standplpe, and
Yard Tap Costs

Before concluding the discussion of costs,
attention should be drawn to the relative
costs of handpump, standplpes and yard tap
systems. As shown In Figures 7 and 8, the
cost of water Increases substantially when the
service level shifts from point sources to
yard taps. Part of the Increased costs for
yard taps steins from the Inevitable high
consumption of water, which includes wastage,
and the need for drainage Improvements. The
effect of population and housing density on
the cost of water Is also demonstrated In
these Figures. The combined effect of
population and housing density on the cost of
water from yard taps Is shown In Figure 9.

Figure 7
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III. Benefits

Figure 8

ETOT OF HOUSIM) OEKHY

SP-OSl

ID 12 14 I t I I 28 22 2* 3 18 M

X YT-SLS

HOUSINU DENSITY (HWSEH0US/H1)
• SP-SLB A ff-OH.

Figure 9

ANNUAL COST f/CAPITA/YEAR

YARD TAPS, PUMPING

A. Types of benefits

A number of benefits arise from rural
water supply projects. These Include
reduction of the tine spent collecting water,
Improved health, Increased productive uses of
water, and social benefits related to an
Improved service level. Quantitative research
Into the demand for water and the benefits of
Improved water supply systems Is an ongoing
part of UNDP/World Bank activities.

Tine savings: The most easily observable
benefit from an Improved water supply system
Is the reduction In the time required to
collect water. This makes more time available
for women, who normally collect the water, to
care for theaselves and their children, to
Increase family food production and income,
and to Improve their quality of life.

Time savings are often substantial. For the
vast majority of rural families or communi-
ties, water collection is time consuming and
heavy work, taking more than 2 hours/day of
women's time In many areas. CWS projects
reduce that burden by Introducing water Into
the community, or by Increasing the number of
water points within the community. A properly
planned and Implemented handpump or standpipe
based system can reduce collection time for a
family to 30 to 45 minutes per day. Water
delivery time at yard taps Is In this same
range, the difference being that handpumps and
standpipes provide 20 led while yard taps
provide 80 led.

Health: Health benefits also result from
an Improved water supply. However, there Is
limited data Unking improved health to
Improved water supplies only and for
converting health benefits Into monetary
terms.

Quantification of health Impacts from
Improved water supplies has proved difficult
largely because there are many alternative
routes of Infection. Two main categories of
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water related Infections nay be distinguished:
water-borne Infections and hygiene related
Infections.

Water-borne Infections will be reduced by
protecting the water source from pollution but
will not be eliminated unless contamination Is
avoided during transport to and storage In the
home through an Integrated training program
that Includes lowcost sanitation advice.

Hygiene related Infections will be reduced
by Improved water supplies only in-so-far as
they encourage water to be used to Improve
hygiene. To obtain the full health benefits
that Improved water supplies offer, people must
learn to avoid contaminating their home water
supplies and to use water effectively In food
preparation and for personal hygiene. In
addition, excreta must be disposed of properly.
As a result, a protected water supply close to
ones home is a necessary but not a sufficient
condition for Improved health.

Other Benefits: In addition to Improved
health and observed time savings, other
benefits from Improved CWS often exist, such as
garden Irrigation, animal watering and cottage
Industries that formally were limited by the
amount of time and effort It took to get water.
There are also benefits that are related to an
Improved quality of life. Finally with
handpump-based systems there Is potential to
start the community path toward a higher (more
technically complex) level of technical skills
development.

In the computer model benefits other than
time savings are grouped as a single variable.
The default value for these benefits Is zero,
but they can be Input In terns of dollars per
capita per year.

B. Method of calculating benefits for time
savings

Demand curve: If water consumption was
constant (I.e. not a function of level of
service) the calculation of benefits from time
savings could be quite simple. It would be

directly proportional to the reduction In
collection time. However, In reality the
closer the source, the greater the quantity of
water that Is used. To allow for Increasing
water usage, one must consider how sensitive
consumers are to marginal changes In the cost
of water.

While available Information about the
relationship between the cost of water ($/m3)
and amount of consumption is not adequate to
define a demand curve, observations of
collection time (hrs/ra3) and water consumption
allow one to be constructed.

This Is shown In Figure 10 where the demand
curve was constructed on the basis of the
following information. First, when water is
provided at a few point sources In a community
with corresponding collection times as low as
3 hrs/m3 (3.5 Bin/trip) water use Is usually
about 20 led; second, as collection times
Increase to as much as 30 hrs/i3 (40 mln per
trip) there Is very little change In per
capita consumption; third, when collection
times drop below 3 hrs/o3, either by providing
piped water close to Individual homes or by
using water at the source, consumption will
Increase; and fourth, water consumption above
100 led Is not needed and Individuals are not
prepared to pay for greater volumes of water.
By multiplying collection time (hrs/m3) by the
value of time, the range of demand curves in
figure 11 can be obtained.

Figure 10
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Figure 11
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In the model, reductions In the cost of
water account for part of the total benefit,
and a further benefit comes from the Increased
consumption Induced by a reduced cost. These
two elements are shown graphically In the
demand curve In Figure 10 shaded SI and S2.
If a water supply Improvement reduces the cost
of water from P1 to P2, with a corresponding
Increase In per capita consumption from Q1 to
Q2. The consumer benefits in two ways: first,
the price P1 of the original Q1 liters falls to
P2 (shaded area S1 represents the benefit); and
second, the value placed on the extra water
exceeds the price (benefit = shaded area S2).

Value of time: A key step in estimating the
monetary benefits of time-savings Is placing a
value on the time saved. Saving time has
greater or lesser value to a household,
depending on what its members can do with the
extra time and how they value these activities.
Regardless of what the members actually would
do with the time, a reasonable measure of its
value to them can be inferred from how much
they could earn If they used it in
Income-producing work. The model uses an
average time valuation for a community.

Also, If water-hauling time had no value,
one would expect to find that people using the
same amount of water regardless of the
distance to the source. That, too, is
unrealistic. Although the quantity of water
consumed may be relatively insensitive to the
time factor over a narrow range, people who
must travel more than, say, an hour to reach a
water source are observed to consume
significantly less water than those who have a
tap a few meters from their home.

Finally, the most compelling evidence of
all that time spent getting water does have a
value is that households often choose to pay
others to get their water. Antonlou, for
Instance, examined vendor sales in poor urban
fringe areas in the Sudan where vendors
compete with kiosks (supervised standplpes).
At the kiosks, water is dispensed for little
charge, but there Is often a queue and hence,
a wait which increases time component of water
cost. Vendors were able to charge four times
as much as kiosks, showing that households
will pay more as the alternative of fetching
water themselves becomes more burdensome.

Similar results were found In the Kwale
District of Kenya where people in one
community rely heavily on vended water. In
this case vended water ($5.00/m3) was ten
times the price of water purchased at kiosks
($0.50/m3) and many families were paying more
than the estimated full cost of a yard tap
system. It was also shown that the number of
families who purchased water from vendors
Increased as the round trip travel time to
kiosks Increased. This Is shown in Figure 12
where 85 percent of the households chose
kiosks if the round trip travel time was less
than 5 minutes (150 meters one way travel
distance). However, when the round trip
travel time increased to 30 minutes, 75
percent of households would be expected to
purchase water from vendors. The remainder of
households used water from open wells that
were close to their homes. In this community
the average value of time was estimated to be
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25 cents per hour, the same as the local
unskilled wage rate. In several other
communities In the Kwale District, where
Incomes were lower and a smaller fraction of
was In cash, water vending was must less
prevalent.

Figure 12
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The effect that the value of time has on the
cost of water Is demonstrated In Figure 13,
where each line corresponds to a different
distance to or queue at the source. When the
water sources Is outside the community (i.e.,
the one way distance Is greater than 100 m) the
cost of water can be very high, even for low
values of time. Similarly, If the distance to
the water source is short but people must queue
for more than a few minutes, the cost of meter
may be quite high.
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IV. Cost Benefit Analysis

A. Method

In comparing different CWS options, the
model first determines the optimum handpump
and standplpe systems by computing the
annualIzed costs and benefits of providing
different numbers of handpumps or standpipes
and choosing the number of handpumps or
standpipes that provides the greatest net
benefit. This is shown graphically in Figures
14 and 15 where the optimum number of
handpumps in the prototype village is four
when the assumed value of time is $0.15 per
hour, and the optimum number of standpipes Is
three.
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Figure 14
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The next step is to use the output from the
computer model to compare the net benefits of
the optimum handpump, the optimum standplpe,
and yard tap system. For the prototype village
the net benefits are summarized in Table 3 are

$14.50 for handpumps, $12.75 for standplpes
and $13.25 for yard taps. Consequently, the
best choice would be a handpump-based system.

Table 3

SUMMARY OF COSTS AND BENEFITS FOR THE
PROTOTYPE VILLAGE (S/CAPITA/YEAR)

Total Total Net
Benefit Cost Benefit

Handpumps
Standpipes
Yard Taps

18
18
24

.00

.75

.25

3.
6.
11.

50
00
00

14
12
13

.50

.75

.25

The total benefits and In turn the net
benefits, largely depend on the collection
time at the old source and the value of time
assumed when running the model. This is
illustrated In Figures 16 and 17 where the
relationship between net benefits and distance
to the old source Is shown. When the value of
time is $0.15 per hour handpumps give the
greatest net benefit, however, benefits exceed
costs (positive net benefits) only If the
distance to the old source was 150 meters.
(In effect, this means that the old source was
located outside the village, or equivalents,
the queue time exceeded about 5 minutes).
This conclusion changes as the value of time
increases. Figure 17 shows the net benefits
calculated at $0.30 per hour and Illustrates
that yard taps would provide the greatest net
benefit and are the best choice If the
resource constraints can be overcome.
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Figure 16
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Other benefits can be Included In the model
by adding an estimate of their value In units
of dollars per capita per year to the total
benefits. As a result, If a community has good

access to water but the source Is not
protected from contamination, the project can
provide a positive net benefit if the
community perceives health benefits. In this
Instance a benefit of $2.00 per capita per
year was estimated by assuming the water
supply provided an extra week of productive
activities at a wage rate of $0.25 per hour
that otherwise would have been lost to
iIIness. (See Figure 18.)

Similarly, costs due to water wastage can
be Included In the model. Here a 50 percent
wastage rate (25 Ipcd) was assumed resulting
in an Increased cost (negative benefit) of
$1.50 per capita per year for the yard tap
system.

Figure 18
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B. Comparing the Options

Because the value of time has such a major
effect on the choice of options, the model has
been designed so that no value to time Is
assumed. Rather options and assumptions are
compared across a range of time values.
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Figure 19 graphically shows how the choice of
options depend on the value of time.

Figure 20
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In this Instance manual and solar pumping In
a community of 1000 persons is being
considered. All other factors are the same as
In the prototype village. When the value of
time is below $0.05 per hour handpumps provide
the greatest net benefit when It Is between
$0.05 per hour and $0.18 per hour standpipes
do, and when It is above $0.18 per hour yard
taps do. This type of analysis will be used to
generate the figures that follow.

The effect of community population on the
choice of handpump, standplpe, and yard tap
systems is shown In Figures 20 and 21 for solar
and diesel pumps.

Figure 21
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The curves are derived from model runs similar
to those used to generate Figure 19. The
areas marked handpumps, standpipes, and yard
taps correspond to combinations of the value
of time and population where that particular
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type of system has the greatest net benefit.
The shaded area at the bottom indicates a
negative net benefit. It Is In this area that
consideration of other benefits (e.g. health)
would be necessary to Justify investment in RWS
Improvements.

The curves are characterized by a value of
time above which yard taps are the best
solution. At lower values of time, point
source systems are best, with handpumps suited
to small populations and solar or dlesel pumps
suited to larger populations.

Earlier it was shown that the different
economies of scale of manual, solar, and dlesel
pumps have a major bearing on the cost of
water, and that at low pumped volumes (m3/day)
handpumps provide water at lowest cost, at
Intermediate volumes solar pumps do, and at
higher volumes diesel pumps do. These
economics of scale also affect technology
selection based on cost benefit analysis.
Again handpumps are the best option when pumped
volumes are low and diesel pumps are best when
pumped volumes are high with solar having a
niche between them. Figures 22, 23, and 24
show this where handpumps, then solar, and then
dlesel are the best economic choice depending
on the volume that is pumped.

Figure 22
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V.Summary and Conclusions

The development of th i s model was the result
many years of e f f o r t to develop a set of
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simple "rules of thumb" that could be applied
to the decisions on level of service and
technology choice for small community water
supplies In developing countries. In the
Initial phases of this work It was thought that
some simple criteria could be written down to
guide the planner through the decision process,
but as further research was conducted It became
clear that the decision process was complex.
This led to the development of the
financial/economic cost benefit framework that
has been presented here.

The model Incorporates analysis of collected
data and best of Judgement estimates for the
critical modelling parameters for planning
small community water supply projects. However
as illustrated by the sensitivity analysis done
In this note, It is clear that many of these
parameters can have a relatively significant
impact on the technology of choice when they
are varied over their observed domain of real
world values. Hence the model was designed to
allow the parameters to be reset to values
representing local conditions, and only once
this has been done can specific rules of thumb
be developed for a particular area which will
assist In the formulation of community water
supply policies and programs.

The critical parameters of the model must be
estimated by the user for a particular area,
which Is clearly the most difficult part of
using the model. In particular the estimation
of the economic value of time in snail
communities Is critical to setting the most
valued level of service.
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ANNEX A

I. Costs: Assumptions, Data References,
Equations

This annex describes the straightforward
analytical framework that was used In the
computer node I to allow comparison of the RWS
options that provide different levels of
service at different costs. Three basic RNS
systems; handpumps, standplpes and yardtaps can
be analyzed in an annual I zed cost/benefit
framework.

This section will introduce the structure,
assumptions, and calculations of the computer
model Itself as well as Its potential
application and limitations. Almost all of the
data assumptions can be changed by the user and
will be specified In Annex B: Users Guide. To
the extent practical the computer program
variable names will be used to Illustrate the
formulas. Only the main formulas used In the
model are described In detail, readers who
would like a more detailed look at the model
structure should refer to the BASIC listing in
Annex B.

WELLS

The costs of water extraction (referred to
as source costs In the model) are dominated by
the borehole cost, particularly for handpump
based systems which Is often many times greater
than the cost of the pump. The cost of
establishing a borehole, Including drilling,
casing and screen, Is not only the most costly
component of the Initial capital Investment In
a handpump project, but It Is also the largest
component of annual!zed costs for handpump
systems.

Because the cost of well drilling Is highly
dependent on the type of drilling equipment,
the amount of expatriate labor, construction
efficiency, and borehole success rate, well
construction costs are specified on a lump-sura

basis. For example, In some drilling projects,
the construction cost per well has been more
than $10,000, while other drilling projects
using more suitable drilling equipment,
minimum expatriate labor, and an efficient
drilling progran have constructed wells to
equal depths In similar geologic strata for
less than $2,000. For the computer node I It
has been assumed that wells can be drilled at
basic cost of $2,000. The well cost can also
be specified by the user to reflect particular
situations.

A single well is used for standplpe and yard
tap systems. Handpump systems, however, are
limited by the amount of power a person can
exert. Consequently there Is a trade-off
between increased numbers of wells with
relatively Inexpensive handpuaps, and a single
well with a more expensive motorized pump and
distribution system.

The capacity of a well fitted with a handpump
Is inversely proportional to the pumping lift.
The well capacity (variable QMAX in the model)
is given by equation 1, where LPM Is the water
delivery rate In liters per minute and HRPUMP
Is the hours per day that the pump is operated
(default - 8 hr/day). The water delivery rate
in turn Is given by the equation 1*, where
WATTS Is the power Input In watts, EFF Is the
mechanical efficiency of the pump, and LIFT is
the height between the dynamic water level
(static lift plus drawdown) and the ground
surface in meters. Typical adult women input
about 100 watts of power when the pumping lift
is greater than 15 meters and somewhat lower
power Inputs at lower pumping lifts. The power
input Is assumed to be 100 watts for lifts
above 15 meters and the empirical relationship
In equation 2* is used to approximate power
Inputs for pumping lifts below 15 meters.
Typically manual power Input Is In the range
of 60 to 100 WATTS. The mechanical efficiency
is also a function of the pumping lift; the
empirical relationship In equation 3* reflects
typical handpump efficiencies.

23



QMAX

LPM -

WATTS

- LPM*HRPUMP*60/1000

6*WATTS*EFF/LIFT

- 40 + 4*LIFT

Draft 9/87

(T)

(1*)

(2*)
(WATTS - 100 If LIFT>15 METERS)

EFF - 0.4 + 0.0067*LIFT (3*)

PUMPS

Handpumps: The cost of handpuraps can vary
from less than $100 for simple direct action,
low-lift pumps to more than $2000 dollars for
imported, heavy-duty pumps. In this analysis,
the Installed cost of low-lift handpumps
(pumping lifts less than 12 meters) Is set at
$200, and the cost of community handpunps for
pumping lifts greater than 12 meters is given
by equation 4*. For example, the Installed
cost of a handpunp with a 20 meter pumping lift
Is $660.

PUMC - 200
IF LIFT<I2 METERS

PUMPC - 500 + 8*LIFT (4»)
IF LIFT>12 METERS

Electric pumps: The cost of electric,
surface-mounted pumps (suction lift less than 7
meters) for small communities Is assumed to be
$750. For higher pumping lifts the cost of
electric submersible pumps is dependent on both
the pumping lift and required water delivery
rate. The installed pump cost used here
(Including discharge pipe, electric panel, and
wiring) Is given by equation 5*. where Q Is
the daily water demand of the community in
cubic aeters per day and (STORLIFT) Is a
combination of the frictlonal losses in the
piping leading to the storage tank and the
height of the water level In the storage tank
above the ground surface. For the conditions in
the prototype village LIFT » 20 meters, total
volume (0) - 30 m3/day, hours pumping (HRPUMP)
• 5 hours/day) the installed cost is $1475.
Annual energy costs (ANEC) are given by

equation 6* where the electric power cost Is
assumed to be $0.10/KM (ELPOWERC) $/KWHr and
the mechanical efficiency Is assumed to be 40
percent.

PUMPC - (5»)
275+25*(LIFT+STORLIFT)+75*Q/HRPUMP+500

ANEC - (6«)
2.5*Q*(LIFT+STORLIFT)*ELPOWERC

Diesel Pumps: The cost of low-lift dlesel
pumps Is assumed to be $2000 per pump.
However, for lifts above 7 meters, the cost of
a dlesel-powered generator and submersible
electric pump set Is significantly higher. For
estimation purposes, It Is assumed that the
cost of a dieseI-powered pump Is given by
equation 5*. The annual energy cost for a
dlesel pump Is given by equation 6*. where
DIESELC Is the cost of dlesel which defaults
to $0.5/1iter. It is assumed the energy
content of diesel fuel is 150,000 Btu/liter,
and the fuel-to-water efficiency Is 7.5
percent.

PUMPC - (5*)
275+25»(LIFT+STORLIFT)+75*Q/HRPUMP+3500

ANEC - (6*)
0.086*(LIFT+STORLIFT)+75*Q/HRPUMP

Solar Pumps: Solar pumping systems consist of
an electric pump plus photovoltaic panels and
appurtenant electric equipment. The pump cost
Is about the same as other electric
submersible pumps (see equation 5*) and the
photovoltaic panel cost (SOLARPVC) Is given by
equation 7a* where WP Is the array size in
watts-peak and CPPWATT Is the Installed cost
per peak watt. The required array size Is
given by equation 7b* where INS is the average
solar insolation in KWHR/DAY during the month
with the least insolation and PVEFF, assumed
to be about 30%, is the mechanical efficiency
of the system.
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SOLARPVC - CPPWATT'WP (7a*)

WP - 2.72*Q»(LIFT+ST0RLIFT)/PVEFF/
•INS (7b*)

Wind pumps: The cost of a wind pump Is
proportional to the cross-sectional area of
wind Intercepted by Its blades. This Is given
In equation 8», where WMILLC Is the cost per
square meter of blade area and V Is the average
daily wind speed In meters per second. Costs
vary roughly between $250/m2 for locally made,
light-weight wind pumps to $750/n2 for
heavy-duty pumps made In Australia and the
United States. A cost of $500/m2 is used in
this analysis.

PUMPC - H»MILLC*1.13*Q*(L IFT+STORLI FT)/V3 (8*)

STORAGE TANKS

A major factor In the cost of storage
tanks, particularly large ones, Is whether they
must be raised or the terrain Is such that
sufficient head can be obtained with the tank
placed on the ground. In this analysis it is
assumed that tanks are raised. The cost of
storage tanks Is given by equation 9*, where
STORAGE is the fraction of the dally
consumption that is stored and BCSTORAGE Is a
proportionality constant. In this analysis one
day of storage was used (STORAGE-1) and 1000
was used for BCSTORAGE. For the prototype
village this results In a cost of $3200 for a
10 ra3 standplpe system and $6300 for 40 n3

yardtap system.

STORC - BCST0RAGE*(Q*ST0RAGE)1/2 (9*)

OUTLETS

When water Is pumped by hand and carried
home, water use is typically between 15 and 25
liters per capita per day (Ipcd). Water use at
standplpes is about the same, although wastage

can be significant, and when It is piped to
Individual yards, consumption Increases to
between 50 and 125 Ipcd. Because the water use
generated by standpipe and particularly yard
tap systems often results In ponded water and
muddy village pathways, proper design requires
the provision of either surface drainage or a
seepage pit at each outlet. The $500 per
standplpe outlet and $100 per yardtap outlet
used In this analysis Includes the installed
cost an outlet, splash pad, and drain field.

CONVEYANCE COST

The cost of collecting water depends on the
distance to the source, queue time, the water
delivery rate at the water point, and the
quantity of water carried per trip. The cost
of water collection Is then determined by
multiplying the collection time by the value
people place on their time to collect water.
It should be noted, however, that In this
analysis no assumption has been aade about how
people value their tine; rather, throughout
this analysis the value of time Is approached
in terns of a sensitivity analysis, where the
a range of time values are used.

The collection time T (minutes/trip) is
given by equation 15*, where OIST is the
one-way travel distance in meters, WALK Is the
walking speed in km/hr, QUE Is the queue time
In mlnutes/trlp, VOL is the volume carried in
liters/trip, and DEL Is the water delivery
rate at the source In liters/minute. The
collection cost of water, In dollars cost per
cubic (PM3C) meter is then given by the
equation 16* where VT Is the value of time in
do I lars/hour.

T =• 2*DIST/WALK*60/1000 + QUE + VOL/DEL (15*)

PM3C - T'VT (16*)

If It Is assumed that the community Is laid
out In a rectangular pattern and that water
points are evenly spaced, the one way travel
distance (DIST) Is given by equation 11*a and
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11*b, where AREA Is the area of the community
In hectares, and NHP Is the number of handpumps
and NSP Is the nunber of standpipes in the
community. The area I of the community Is a
function of the population (POP), housing
density (HO) In householes per hectare, and the
average family size (FSIZE).

DIST - (AREA*10000/NHP)1/2/2 (11*a)

OIST » (AREA*10000/NSP)1/2/2

AREA - POP/HD/FSIZE (12*)

In order to put collection time in
perspective, the following example is offered.
If the distance to the water source Is one
kilometer, a family of 6 using 15 liters per
capita per day (led) will spend about 3 hours
each day collecting water. If the water source
is brought into the village, the distance to
the well will typically be between 50 and 100
meters, and If there Is a 2 minute queue each
time a family member goes to the well, about 40
minutes per day will be needed to collect
water.

PIPING

The required length of piping depends on
the number of outlets, size and layout of the
community. The length of distribution piping Is
approximated by equation 13*a and 13*b and the
length of individual house laterals by
equation 14*. where NSP and NYT Is the number
of water points standplpes or yard tapes in the
community and AREA Is the size of the community
in hectares.

LPIPE - 90»NSP°-4*AREA0-6

LPIPE - 90*NYT°-4*AREA0-6

LLAT - 40*(AREA/NYT)0-63

(13*)

(13*)

(14*)

For the range of conditions typical of small
community water supplies, 1.5 to 2 Inch

diameter pipes are suitable for distribution
piping and 0.5 to 1 Inch diameter pipe Is
suitable for house laterals. An Installed cost
of $8 per meter is used for distribution
piping and $6 per meter is used for house
laterals.

Operation and maintenance costs

By and large, one can distinguish between
two different kinds of maintenance systems for
costing purposes: centralized and community
based Village Level Operation and Maintenance
(VLOM). Under a centralized system, the
principal components of maintenance costs are
personnel, transport, spare parts, and
building and equipment depreciation. Personnel
costs would Include all wages, salaries, per
dlens, pension contributions, and the like, of
both local and expatriate workers and
supervisors, plus a proportion of general
management costs allocable to pump
maintenance. Transport costs include vehicle
depreciation and running costs (fuel,
lubricants, tires, spare parts, etc.).
Attention must also be given to the foreign
versus local olx of costs for each type
system. Generally the centralized systems
Impose a greater demand on scarce foreign
exchange due to their reliance on motorized
transport. Community based maintenance, where
repairs are made by a local resident,
eliminates most of the costs associated with
transport, supervision and general management.
This essentially reduced costs to the time and
materials required to make repairs.

The recurrent costs that have been estimated
for the computer model assume that village
based maintenance Is possible, with minimal
dependence on centralized nalntenance
services. Refer to main text Section I, where
resource constraints are discussed. In the
computer model It has been assumed that annual
costs will amount to 10% of the initial
capital costs for all mechanical parts (e.g.,
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pumps), and 3X for all non- mechanical parts
(e.g., boreholes, storage tanks and pipes).

Overhead

The overhead costs for planning,
inplamenting, supervising, and managing
Investments In CWS are perhaps the most
difficult to evaluate. It Is often assumed at
the project preparation phase that these costs,
when spread out over a thousand boreholes, are
negligible. This simplistic assumption should
be avoided, particularly as It Is necessary to
nobillze the community to assume responsibility
for nalntainlng their new water system. During
the preparation phase an appropriate overhead
structure oust be planned and realistically
costed so that it can be allocated to each
technical option for economic comparison and
evaluation of financial affordablIIty. In the
computer node I these costs are included as part
of the capital costs for the physical
components and the maintenance cost
coefficients.

water use is In liters per capita per day and
collection tine (T) Is In ainutes per trip
(assuming that 20 liters are carried each
trip).

LPCD - LPCD -(103-T)/5 15a*

LPCD - 4-T/0.04 15b*

Once the consumption from the Improved system
is estimated the difference In area under the
demand curve between the old and new costs of
water Is used as an estinate of benefits, as
was explained In main text section III.

II. Benefits: Demand curve

A discussion of the assumptions used to
construct the demand curve and method used to
estimate benefits froa time savings in the
discussion of benefits is provided In Section
II. As noted there, the deaand curve Is based
on actual water use observations, which show
that when water must be carried home per capita
water use Is usually about 20 Ipcd and does not
change much whether the water source is In the
community or Is as much as a kilometer away.
However, if water is used at the source,either
by taking clothes or cattle to It, or by
providing yard taps, water consumption will
Increase. This results In two regions an
inelastic one below 3.5 minutes per trip and an
elastic one above 3.5 minutes per trip.

This information allows a functional
relationship between water use and collection
time to be estimated. The demand curve is
delivered by equations 15a* and 15b* where
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Users Qnlde for the Computer Model

Introduction

This annex provides Information on running the ocmputer model that has been described In this
technical note and Is included on a computer disk. The computer model can be used in two basic
modes, for point source systems specific service level where the user can set the number of persons
per cutlet (standplpe or handpump) or the user can request the computer model to optimize the
number of outlets that maximizes net benefits. A detalled discussion of the demand curve used to
calculate time savings benefits is presented In Annex 1.

It Is assumed that the user Is generally familiar with the IBM-PC1 type of personal computer. In
order to produce graphic output, similar to that In the body of this technical note, the user must
also be famlIlar with the LOTUS 1232 software system.

The model has been written In Microsoft Quick Basic3, and has been carpi led using the Microsoft
Quick Basic Compiler (version 3.0). The distribution diskette contains several files:

RWS.EXE the executable version of the model that can be run on any IBM-PC compatible
computer

RWS.BAS The BASIC source code that can be examined by the user and If desired modified to
meet Individual user needs and then run using interpreter BASIC which Is typically
provided with the IBM-PC (running with Interpreter BASIC Is much slower)

RWSFORM.VKS A LOTUS 123 terrplate formatted for Importing data that was output by the RWS Model

DEMD.PRN A sample output frcm the program that can be imported into LOTUS 123 for producing
graphs.

Starting the Model

To start the model you must first have your PC turned on and at the DOS prompt. It Is also
necessary to have your printer connected to the PC and ON LlhE selected, since the program uses the
printer for output and acme error messages.

1 IBM-PC Is a registered trademark of the IBM corporation

2 LOTUS 123 is a registered trademark of the Lotus Corp.

3 Microsoft Quick Basic Is a registered trademark of the Microsoft Corporation
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After placing the RWS Model disk in the active drive, you should type the conmand "RWS" followed
by a carriage return (CR). The following screen wl11 then appear:

RURAL HATER SUPPLY COST/BENEFIT MDDEL
UMXWORLD BANC HANDPUMPS PROJECT

DO YOU WISH TO SET ANf INDIVIDUAL DEFAULT VARIABLES OR FLAGS?
(Y/N)?

You are now running the model and alI you need to do Is read
the questions It asks and respond In UPPER CASE LETTERS. The program requires upper case Input,
and expects runerlc input to consist of numbers (le do not use the letter L as a one). Al I of your
responses should be followed by a carriage return.

By responding to the above "(Y/N)" prompt with a "Y" the program then gives you the opportunity
to modify any of the default variables by displaying the f<5l lowing screen.

LIST OF VARIABLES AN) THEIR SETTINGS

POP- 500 -VILLAGE POPULATION
FSIZE- 8 -FAMILY SIZE
HD- 20 -HOUSING DENSITY
LIFT- 20 -PIAPINS LIFT (M)
DISTO- 500 -DISTANCE TO OLD SOURCE (M)
VT- .15 -VALUE OF TIlyE ($/HR)
WELLO- 2000 -*ELL COST ($)
M*5- 4-NJvBER OF HANDPUVPS
NSP- 3 -MABER OF STANDPIPES
CPU*- 0 -COST PER HATCPUyP ($)
CPSP- 0 -SP + DRAINAGE COST ($/SP)

LPCO- 20 -LPCD AT NEW SOURCE (LPCD)
LPCDO- 20 -LPCD AT OLD SOURCE (LPCD)
I - .1 -DISCOUNT RATE (PERCENT)

OTHER- ENTER THIS FOR A LIST OF ADDITIONAL VARIABLES

PLEASE ENTER THE VARIABLE N*ME. (UPPER CASE ONLY)
VARIABLE??

By responding to the "VARIABLE??" prcnpt by entering "OTHER" you wi11 get an additional 11st of
default variables on the screen that can be set by the user. This screen Is shewn below:
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THIS IS A LIST OF ADDITIONAL VARIABLES

STORLIFT- 10 - L I F T TO STORAGE (M) STORAGE- 1 -NUMBER OF DAYS FLOW (DAY)
PUMPC- 0 COST OF MOTORIZED PUMPS ( $ ) *SOLARPVC- 0 -COST OF PV ARRAY ( $ )
CPMPIPE- 8 -DISTRIBUTION PIPE ($ /M) CPMLAT- 6 -HOUSE LATERAL PIPE ($ /M)

•LP IPE- 0 -TOTAL DIST PIPE LENGTH (M) *LLAT- 0 -HOUSE LATERAL PIPE (M/LAT)
•DISTHP- 50 -DISTANCE TO HANDPUMP (M) *DISTSP- 50 -DISTANCE TO STANDPIPE (M)
*QUEHP- 0 -QUEUE TIME AT HP (MIN/TRIP) *QUESP- 0 -QUEUE TIME AT SP (MIN/TRIP)

DELHP- 15 -DELIVERY OF HP (LITERS/MIN) DELSP- 15 -DELIVERY OF SP (L/MINUTE)
CPYT- 50 -YT COST INCL. DRAINAGE ( J / Y T ) TYT- 1 -TIME AT YARD TAP (MINUTES)
DIESELC- .5 -DIESEL FUEL COST ($ /L ITER) ELPOWERC- .1 -ELECTRIC COST ($/KWH)
LIFEME- 10 - L I F E OF MECH EQUIP (YR) INS- 5 -SOLAR INSOLATION (KWH/M2/DAY)
LIFENME- 20 -L IFE NON-MECH EQUIP (YR) CPPWATT- 8 -SOLAR ARRAY COST (J/WP)
OMME- .1 -O&M MECH EQUIP (X CAP COST) V- 3 -AVERAGE WIND SPEED (M/SEC)
OMNME- .01 -O&M NON-MECH EQUIP (X CAP) WATTS- 0 -POWER INPUT TO HP (WATTS)
HRPUMP- 5 - HOURS OF PUMPING TIME »SOLARPVC- 0 -COST OF PV ARRAYS ( $ )
DSLEFF- .075 -DIESEL EFFICIENCY (X) AHPW- 0 ATTENDANT HOURS PER WEEK
CAPSUB- 1 -CAPITAL SUBSIDY(O-FULLJ-NO) EXRATIO- 1 -NET BEN RATIO (OPTION 8)
OTPCB- 0 -OTHER BENEFITS (S/CAP/YEAR)

( * ) NORMALLY CALCULATED BUT CAN BE SET

PLEASE ENTER THE VARIABLE NAME. (UPPER CASE ONLY)
VARIABLE??

T o s e t a n y o f t h e s e v a r i a b l e s , y o u n e e d o n l y r e s p o n d t o t h e " V A R I A B L E ? ? "
p r o m p t w i t h t h e n a m e o f t h e v a r i a b l e ( I n u p p e r c a s e ) a n d t h e n h i t r e t u r n .
T h e p r o g r a m w i l l t h e n p r o m p t y o u f o r a n e w v a l u e f o r t h a t v a r i a b l e , w h i c h
y o u s h o u l d t y p e I n a n d h i t r e t u r n . T h e p r o g r a m t h e n w i l l a s k i f y o u w i s h
t o s e t a n y a d d i t i o n a l d e f a u l t v a r i a b l e s . A n e x a m p l e o f t h i s p r o c e s s
follows(user inputs have been underlined and are followed by carriage
returns):

PLEASE ENTER THE VARIABLE NAME. (UPPER CASE ONLY)
VARIABLE?? POP
PLEASE ENTER THE NEW VALUE FOR POP?? 1000

DO YOU WISH TO SET ANY INDIVIDUAL DEFAULT VARIABLES OR FLAGS?

(Y /N)?

In t h i s example we have changed the defaul t community population to a
value of 1000. You would then input a "Y or N" i f you wished to change any
addit ional default var iables.
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If y o u m a k e a t y p i n g e r r o r In t h i s p r o c e s s t h e c o m p u t e r w i l l d i s p l a y t h e
f o l l o w i n g m e s s a g e :

UNABLE TO FIND YOUR VARIABLE, PLEASE TRY AGAIN.

DO YOU WISH TO SET ANY INDIVIDUAL DEFAULT VARIABLES OR FLAGS?

(Y/N)?

Once you have set as many of the default variables as desired you should
respond to the "(Y/N)?" prompt with a "N", and the program will display the
following screen:

YOU HAVE THE FOLLOWING RUN OPTIONS:

1 HANDPUMP ONLY 1
2 STANDP IPE ONLY 2
3 YARD TAPS ONLY 3
4 HANDPUMPS AND STANDP IPES 4
5 HANDPUMPS AND YARD TAPS 5
6 STANDP I PES AND YARD TAPS 6
7 HANDPUMPS AND STANDP I PES AND YARD TAPS 7
8 OPTIMIZED NET BENEFITS RATIOS -SPECIAL RUN—8
g NET BENEFIT SWITCHING VALUES -SPECIAL RUN—9

SELECT 1, 2, 3, 4, 5, 6, 7, 8, OR 9: ?

This screen allows you to select which technology choices are to be used
for this particular run. Selections 1-7 are fairly straight forward and
allow the user to run the model for either a single technology or
automatically loop through any combination of technologies.

Selection 8 Is a special run where the model determines the value of
time (VT) where the net benefits of each pair of technologies (handpumps
vs. standplpes, handpumps vs yardtaps, and standpipes vs yardtaps) are
equal. Selection 8 was used to produce the data for the phase diagrams
discussed in the main text.

Selection 9 is a special run where the model determines the value of
time (VT) where the net benefits of each technology switch from being
positive to negative (le value of zero).

The user should respond with a numeric Input of 1-9 and then a carriage
return. If the selection is anything other than options 4,8 or 9 the
computer will then ask If optimization of net benefits is desired and
display the following question:
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DO YOU WISH TO OPTIMIZE HANDPUMP/STANDPIPE NET BENEFITS?

(Y/N)?

The reason for not asking this question for options 4,8 or 9 Is that
there Is no need for optimization for Just yardtaps, and options 8 and 9
automatically optimize.

The decision on optimization allows the user to effectively use the
model for either analysis of costs for different levels of service or allow
the model to suggest the most valued (highest net benefit) level of
service. The process of optimization used by the computer model Is quite
simple and involves the following steps: 1. Start with the minimum number
of outlets (1) 2. Calculate consumption 3. Calculate the costs 4. Calculate
the benefit 5. Calculate Net benefits 6. Perform steps 2-5 with 1
additional outlet 7. Compare Net benefits from steps 5 and 6 and repeat
process until the addition of one outlet reduces net benefits and set the
optimum number of outlets at the previous level. This determination of
optimum service levels Is one of the most useful aspects of the computer
model. Particularly useful Is the ability to calculate the optimum net
benefit sensitivity over a variable range.

After the decision on optimization the user is then requested to select
the form of output that Is desired. There are three choices as outlined
below:

YOU HAVE THE FOLLOWING OUTPUT CHOICES:

1 SUMMARY TO PRINTER 1
2 SUMMARY TO 123 FILE 2
3 DETAILS TO PRINTER 3

SELECT OUTPUT CHOICE 1, 2, OR 3: ?

Output selection 1 gives you a the outp u t that will be presented later
In this note w h i c h Is sent to your p r i n t e r . T h e r e will be o n e line for each
run , and m u l t i p l e lines if the run loops through a serie s of variable
v a l u e s . T h e format of this output Is sho w n late In table at the end of the
User's G u i d e :
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The columns of the output are as follows:

SYSTEM -identifier for technology
HP-Handpumps
SP-Standplpes
YT-Yardtaps

PUMP-ldentIfler for energy source
D-Dlesel
S-Solar
W-WInd
E-ElectrIc

POP -population of the community
HD -housing density (households per hectare)
PP -persons per water outlet
VT -value of time ($/hour)
LIFT -pumping lift (meters)
WELLC -cost per we I I ($)
LPCD -liter per capita per day consumption (liters)
HPM3 -hours required to collect 1 cubic meter of water
PCC -capital cost per capita ($)
ANPCTC -annualized total cost per capita ($)
PM3C -annual I zed total cost per cubic meter ($)
ANPCC -annual I zed cash cost per capita ($)
ANPCB -annualIzed per capita benefits ($)
ANPCNB -annualIzed per capita net benefits ($)
Loopi -primary looping variable
Loop2 -secondary looping variable

Output selection 2 gives the same output, but It Is put In a LOTUS 123
print file. You will be prompted for the name of the file as follows:

FOR 123 OUTPUT PLEASE ENTER DRIVE AND FILENAME - B:RUN1.PRN -? A:DEMO.PRN

YOU MAY ENTER A COMMENT FOR THE FIRST LINE OF THE 123 FILE

PLEASE INPUT YOUR COMMENT? YOU MAY ENTER UP TO ONE LINE OF COMMENTS WITHOUT
PUNCTUATION

Y o u s h o u l d b e careful to s p e c i f y a v a l i d d i s k d r i v e and f i l e n a m e . For
the f i l e n a m e I su g g e s t that y o u u s e the e x t e n s i o n that will a l l o w the data
to be Imported Into L O T U S 1 2 3 (ie " X X X 1 . P R N " ) . T h e s y s t e m will t h e n p r o m p t
y o u for a o n e line c o m m e n t to be p l a c e d in the 123 f i l e , I s u g g e s t that
t h i s line be d e s c r i p t i v e of the run (ie s e t t i n g s of s p e c i f i c v a r i a b l e s ,
looping v a r i a b l e s , run s e l e c t i o n e t c ) O n e n o t e of c a u t i o n , the p r o g r a m
d o e s not like this c o m m e n t line to have c o m m a s ",".
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Once the data is in a 123 file, you may retrieve it using the LOTUS 123
commands "/File Import", and then use 123 to create graphics for
presentation. Another word of caution when using 123 output is that the
program appends (tacks on to the end) to the named file, therefore If you
use the same name more than once you may get confused.

Output selection 3 gives a detailed printout of the key Input variables
and some Intermediate results primarily used for checking the calculations
and uses variable names similar to those In the computer listing In Annex
B.I I. An example of the detailed printout for the optimized prototype
village for handpumps, standpipes and yardtaps is shown on the following
page.
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SYSTEM
KP

LPCDO
20

VT
0.15

NHP

a

PUMP
0

WALK
3

;
0.10

CPHP
660

POP
1000

DISTO
500

LIFEHE
10

MELLC
2000

HD
20

QUEO-
5.0

L.'FE.NXE
20

WATTS
100.0

AREA
&

DELO
15.0

0ME
0.10

EFFHP
0.53

PP
125

TO
21.9

CHNHE
0.01

DELHP
16.0

LPCD
19.9

DI5T
44

LIFT
20

9UE
1.4

CAPSUB EJRATIO
1.00 1.00

8/HP QHAXHP X
2.5 5.5

DEL
16.0

H
0.15

CAP
0.45

T
3.7

AHPH
16.0

HCO
3.29

QTPCB
0.00

MCI
0.48

KC
0.56

PCC TOTALC KELLC PURPC
21.28 21280 2000 5280

ANPCCC ANPCQKC ANPCAC ANPCEC ANPCHC ftNPCMC ANPCTC
2.74 0.69 0.12 1.13 2.91 0.00 7.59

PN3C ANPCC ANPC8 ANPCNB
1.05 3.55 17.99 14.44

3Y3TEH
SP

LPCDO
20

VT
0.15

NSP
5

FOT
D

HALK
3

I
0.10

CPSP
300

POP
1000

DISTO
500

HD
20

QUEO
5.0

LIFEME L1FENHE
10 20

AREA
6

DELO
15.0

CIME
0.10

HELLC STORAGE QSTORE
2000 1.00 20.0

PP
200

TO
21.9

OMNHE
0.01

LPCD
20.0

DIST
56

CAPSUB
1.00

LPIPE CPNPIPE D
514 8.00

LIFT
20

8UE
0.3

EXRATIO
1.00

TDH
0

DEL
15.0

V
0.15

T
3.2

AHPH
45.0

lESELC HRPUHP DSLEFF
0.50 5.0 0.08

MCO
3.29

QTPCB
0.00

MCI
0.48

HC
0.49

PCC TOTALC WELLC PUKPC
16.91 t6907 2000 4824

XSPC STQRC PIPEC
1500 4467 4116

ANPCCC ANPCCHC ANPCAC ANPCEC ANPCHC ANFCKC ANPCTC
2.27 0.74 0.35 0.34 3.53 0.00 7.24

PM3C ANPCC ANPCB ANPCNB
0.99 3.71 18.52 14.82

SYSTEM
VT

LPC30
20

D

ilALK

POP
1000

DISTO
500

HD
20

SUES
5.0

AREA
6

DELO
15.0

PP
8

TO
21.9

LPCD
80.0

DI3T
56

LIFT
20

QUE
0.0

TDH
30

DEL.
15.0

T
1 M

'iCO
0.48 ."> ',C.

0.15
I L1FEBE LIFENUE 3MI1E OUNSE CftPSUS EJRATIO M AHPH 3TPC3

0.10 10 20 0.10 0.31 1.00 i.00 0.15 35.5 0.00

NYT CPYT SELLC STORAGE 35TCRE LPIPr CPSPIPE LLAT CPSLAT CIESELC
125 50 :000 1.00 80.0 1864 8.00 6 6.00 0.50

PCC
42.38

TOTALC
42379

MELLC PUMPC
2000 5725

VTC 3T0RC PIPEC
6250 S944 14915

ANPCCC ANPCOUC
1.50

ANPCAC ANfCEC ANPCHC ANPCHC ANPCTC PN3C ANFCC ANPC3 ANPCNB
0.27 0.00 8.67 D.30 8.67 24.23 15.61
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After selecting the output option, if you have selected a technology
other than Handpumps, the program will prompt you and ask for the
mechanized pumping method to be used for this run by displaying the
following screen:

YOU HAVE THE FOLLOWING MECHANIZED PUMPING OPTIONS:

1 ELECTRIC GRID 1
2 DIESEL GENERATOR 2
3 SOLAR PHOTO VOTALIC—3
4 w | ND MILL 4

SELECT 1, 2, 3, OR 4: ?

The user should respond with a number between 1 and 4 followed by a
return.

The program will then ask If you wish to loop by any particular
variable, with the following screen:

SELECT THE TYPE OF LOOPING YOU WISH

0 NO LOOPING
1 s INGL E LOOP ING
2 DOUBLE LOOPING

SELECT 0, 1, OR 2: ?

The decision on looping allows the user to run the model over a range of
values for various key variables, and Is very useful in carrying out
sensitivity analysis when the specific value of the variable Is not known.
By responding with either a 1 or a 2 the program then gives the user a list
of variables that may be used for looping which is almost Identical to
those used for setting of default variables at the beginning of the
program. After the screens are displayed the program prompts you to input
the variable name and the range of values and the increment to loop by as
follows:

The program can be run just for a single pass (selection 0) or be looped
through a single variable range, or through two variables. It Is Important
to understand the meaning of looping In the context of each run selection,
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for run selections 1-7 looping Is identical to setting one or two of the
default variables and doing a single run. For selections 7 and 8 It is
slightly different, In that the programs main output Is a specific value of
time and It does not give very clear output If you loop by two variables
(selection 2 ) . When looping by two, the system first sets the primary
loop, and then loops the secondary loop within each setting of the primary
loop.

Another point to remember Is looping while optimizing. The
optimization routine In the program works by setting the number of outlets
(handpumps or standplpes) and therefore It would be meaningless to loop by
either NHP (number of handpumps ) or NSP (number of standplpes) or for that
matter either PPSP or PPHP (persons per standpipe of handpump).

Some of the more common looping variables are BCPWELL, LIFT, DISTO
(distance to old source note the 0 at the end Is a zero), POP, DENSITY etc.

Looping Is particularly useful when looking at a the sensitivity of
uncertain assumptions, also It Is essential to produce meaningful graphic
results

SELECT ONE OF THE ABOVE VARIABLES FOR PRIMARY LOOP: ? LIFT
SELECT LOWER LIMIT: ? 20
SELECT UPPER LIMIT: ? 60
SELECT INCREMENT: ? 20

If you ar looping twice a second set of screens will be displayed and
you will be prompted again for the secondary loop as follows:

SELECT ONE OF THE ABOVE VARIABLES FOR SECONDARY LOOP: ? WELLC
SELECT LOWER LIMIT: ? 2000
SELECT UPPER LIMIT: ? 5000
SELECT INCREMENT: ? 1000

After selecting these values the program will begin its calculations,
and will display either the words "PROCESSING" or display some of the
results of the calculations on the screen so as to reassure you that It is
working.

The output from this sample run for handpumps with optimization selected
Is shown on the next page.
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SYSTEH
HP
HP
HP
HP

SYSTEH
HP
HP
HP
HP

SYSTEH
HP
HP
HP
HP

SYSTEH
SP
SP
SP
SP

SYSTEH
SP
SP
SP
SP

SYSTEH
SP
SP
SP
SP

SYSTEM
YT
YT
YT

SYSTEM
Yf
YT

YT
YT

SYSTEH
YT
••T

YT
YT

PUHP
D
0

o
D

PUHP
D
D
D
D

PUHP
D
D
0
D

PUHP
D
D
D
D

PUHP
D
D
D
D

PUHP
D
D
0
D

FUHP
D
D
D
D

FUHP
D

0
D

PUMP
0
0
D
D

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

POP
500
500
500
500

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

HD
20
20
20
20

PP
125
125
167
167

PP
100
100
100
125

PP
83
83

100
100

PP
167
167
167
167

PP
167
167
167
167

PP
167
167
167
167

PP
8

a
a
8

PP
3 -
0

a
8

PP
8

a
3
8

VT LIFT
0.15 20
0.15 20
0.15 20
0.15 20

VT LIFT
0.15 40
0.15 40
0.15 40
0.15 40

VT LIFT
0.15 60
0.15 60
0.15 60
0.15 60

VT LIFT
0.15 20
0.15 20
0.15 20
0.15 20

VT LIFT
0.15 40
0.15 40
0.15 40
0.15 40

VT LIFT
0.15 60
0.15 60
0.15 60
0.15 60

VT LIFT
0.15 20
0.15 20
0.15 20
0.15 20

VT LIFT
0.15 40
0.15 40
0.15 40
0.15 40

VT LIFT
0.15 iO
0.15 60
0.15 60
0.15 60

HELLC
2000
3000
4000
5000

HELLC
2000
3000
4000
5000

HELLC
2000
3000
4000
5000

HELLC
2000
3000

mo
5000

HELLC
2000
3000
4000
5000

HELLC
2000
3000
4000
5000

HELLC
2000
3000
4000
5000

«ELLC
2000
3000
4000
5000

HELLC
2000
3000
4000
5000

LPCD
19.9
19.9
19 h
19.6

LPCD
19.6
19.6
19.6
19.3

LPCD
19.4
19.4
19.2
19.2

LPCD
23.5
23.5
23.5
23.5

LPCD
23.5
23.5
23.5
23.5

LPCD
23.5
23.5
23.5
23.5

LPCD
80.0
80.0
80.0
80.0

LPCD
60.0
80.0
BO.O
80.0

LPCD
30.0
80.0
80.0
80.0

HPH3 PCC
3.7 21.28
3.7 29.28
4.9 27.96
4.9 33.96

HPH3 PCC
5.1 28.20
5.1 38.20
5.1 48.20
6.6 46.56

HPH3 PCC
5.8 35.76
5.8 47.76
7.1 49.80
7.1 59.80

HPM3 PCC
3.1 26.4B
3.1 28.48
3.1 30.48
3.1 32.48

HPH3 PCC
3.1 27.48
3.1 29.48
3.1 31.48
3.1 33.48

HPH3 PCC
3.1 28.48
3.1 30.48
3.1 32.48
3.1 34.48

HPH3 PCC
1.0 52.72
1.0 54.72
1.0 56.72
1.0 58.72

HPH3 PCC
1 C 53.72
1.0 55 7'1

1.0 57.72
1.0 59.72

HPH3 PCC
1.0 . 54.72
1.0 56.72
1.0 58.72
1.0 60.72

ANPCTC
7.59
8.61
9.45
10.22

ANPCTC
10.38
11.65
12.93
13.96

ANPCTC
12.55
14.08
15.32
16.59

ANPCTC
9.87

10.13
10.38
10.64

ANPCTC
10.40
10.66
10.91
11.17

ANPCTC
10.94
11.19
11.45
11.70

ANPCTC
10.38
11.14
11.39
11.65

ANPCTC
12.07
12.32
12.58
12.83

ANFCTC
13.25
13.51
13.76
14.01

PH3C
1.05
1.19
1 32
1.43

PH3C
1.45
1.63
1.81
1.98

PH3C
1.77
1.99
2.19
2.37

PH3C
1.15
1.18
1.21
1.24

PH3C
1.21
1.24
1.27
1.30

PH3C
1.28
1.31
1.34
1.36

PM3C
0.37
0.38
0.39
0.40

PH3C
0.41
0.42
0.43
0.44

PH3C
0.45
0.46
0.47
0.48

ANPCC
3.55
4.57
4.19
4.96

ANPCC
4.86
6.13
7.41
6.95

ANPCC
6.34
7.87
7.33
9.10

ANPCC
5.94
6.19
6.45
6.70

ANPCC
6.47
6.72
6.98
7.23

ANPCC
7.00
7.26
7.51
7.77

ANPCC
10.88
11.14
11.39
11.65

ANPCC
12.07
12.32
12.53
12.83

ANPCC
13.25
13.51
13.76
14.01

ANPCB
17.99
17,99
16.72
16.72

ANPCB
16.45
16.45
16.45
14.36

ANPCB
15.71
15.71
14.35
14.35

ANPCB
18.73
18.73
18.73
18.73

ANPCB
18.73
18.73
18.73
18.73

ANPCB
18.73
18.73
18.73
18.73

ANPCB
24.28
24.28
24.28
24.28

ANPCB
24.28
'4 23
24.28
24.28

ANPCE
24.23
24.28
24.28
24.29

ANPCNB
14.44
13.42
12.53
11.77

ANPCNB
11.59
10.32
9.04
7.91

ANPCNB
9.37
7.84
6.52
5.24

ANPCNB
12.79
12.54
12.28
12.03

ANPCNB
12.26
12.00
11.75
11.49

ANPCNB
11.73
11.47
11.22
10.96

ANPCNB
13.40
13.14
12.89
12.43

ANPCNB
n ?!

11.96
11.70
11.45

ANPCNB
11.03
10.73
10.52
10.27

LIFT
20.00
20.00
20.00
20.00

LIFT
40.00
40.00
40.00
40.00

LIFT
60.00
60.00
60.00
60.00

LIFT
20.00
20.00
20.00
20.00

LIFT
40.00
40.00
40.00
40.00

LIFT
60.00
60.00
60.00
60.00

LIFT
20.00
20.00
20.00
20.00

LIFT
40. OC1

40.00
40.00
40.00

'.!F1
oO.OO
£0.00
50.00
60.00

HELLC
2000.00
3000.00
4000.00
5000.00

HELLC
2000.00
3000.00
4000.00
5000.00

HELLC
2000.00
3000.00
4000.00
5000.00

HELLC
2000.00
3000.00
4000.00
500O.00

HELLC
2000.00
3000.00
4000.00
5000.00

' HELLC
2000.00
3000.00
4000.00
5000.00

HELLC
2000.00
3000.00
4000.00
5000.00

yELLC
2000.Of.
3000.00
4000.00
5000.00

• KELLC
2000.00
3005.00
4CC-C.00
5000.00
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W h e n the calc u l a t i o n are finished the program will prompt you for
another run as shown be low:

DO YOU WISH TO MAKE ANOTHER RUN?

(Y/N)?

The final thing the program does, after completing the calculations is
ask If you desire another run, which Just takes you back to the start after
resetting all of the variables to the default conditions. The prompt
appears as follows:

DO YOU WISH TO RESET VARIABLES TO DEFAULT VALUES?

CAUTION: IF YOU ARE LOOPING, VALUES WILL BE THOSE OF LAST RUN.

(Y/N)?

T h e n the program starts over a g a i n .

W o r d s of A d v i c e and Caution

The program Is not very flexible in terms of its Inputs (which must all
be In ca p s or n u m b e r s ) and Its o u t p u t s , w h i c h are pre formatted. It has
been tested quite a b i t , h o w e v e r , I am aware of one or two remaining e r r o r s
(screen output e t c ) that do not affect the c a l c u l a t i o n s but will someday
need to be fixed. It is also not very forgiving If the printer Is not
turned o n , and It is difficult to stop the program In the midd l e (you might
try turning the printer off this s o m e t i m e s w o r k s , or hitting the "Ctrl
break" keys at the same time w h i l e the system is waiting for a prompt
r e s p o n s e .
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100 CLEAR:,REN FRONT END TD INITIALIZE PP.0CESS1NB
110 PR1NT:PR1NT 'RURAL HATER SUPPLY COST/BENEFIT MODEL' l '
120 PRINT 'UNDP/HORLD BANK HANDPUMPS PROJECT'
130 PRINT "="================-=========:==•
150 BOSUB 2000 ' VILLAGE CHARACTERISTICS
155 60SUB 45000 ' DECISION ON CUSTOMIZATION
160 BOSUB 41000 CHOICE OF RUN AND IF HISH OPTIMIZATION
170 BOSUB 42000 OUTPUT CHOICES
180 IF (RUNCHQ1CE )1) THEN 60SUB 40000 SELECT TYPE OF MECHANIZED PUMP
190 BOSUB 50200 'DECISION ON L0QPIN6
210 60SUB 41100 'THIS SENDS THE PROGRAM TO THE SUBROUTING FOR A PARTICULAR RUN
220 IF (OUTCHOICE = 2) THEN CLOSE II
230 IF (OUTCHOICEI = 1 THEN LPR1NT ' '
410 CLS:PRINT:PR1NT
411 PRINT 'DO YOU HISH TO HAKE ANOTHER I W
412 PRINT:INPUT "(Y/Nl'jRUNABAINJ
430 IF RUNA6AIN! <> 'Y' AND RUNA6A1NI O -K' TKEH PRINT 'INVALID INPUT1:6010 412
435 IF RUNA6AIN* = 'N" THEN END
440 CLS:PR1NT:PR1NT:PRINT 'DO YOU HISH TO RESET VARIABLES TO DEFAULT VALUES'"
442 I>RINT:PR1NT "CAUTION: IF YOU ARE LOOPING, VALUES HILL BE THOSE OF LAST RUN.'
446 PRINT:1NPUT "(Y/NI'jCLEARYNJ
448 IF CLEARYNS <> 'Y' AND CLEARYNS <> 'N' THEN PRINT 'INVALID INPUT":GOTO 440
44? IF CLEARYNI = "Y* THEN GOTO 100 ELSE 60T0 155
450 END
510 REM ALL FLAGS DEFAULT TO VALUES OF ZERO AT THE FIRST ENCOUNTER,
515 REM HHEN VARIABLE IS SET BY USER CORRESPONDING FLA6 IS SET TO 1 AND
516 REM DEFAULT VALUE IS OVERRIDDEN.
2000 REM itt»i«itiMMniiiui»Hiniumiiiiui»num»H
2020 IF P0PFLA6 = 0 THEN P0P=500 ' VILLAGE POPULATION
2030 IF FSIZEFLA6 = 0 THEN FSIZE=8 ' NUMBER OF PERSONS IN HOUSEHOLD
2040 IF HDFLA6 = 0 THEN LET HD=20 ' HOUSEHOLDS PER HECTARE
2050 IF LIFTFLAB = 0 THEN LIFT = 20 ' PUMFINB LIFT (METERSI
2055 IF STDRLIFTFLA6 = 0 THEN STORLIFT = 10 FRICTION LOSS t LIFT TO ST0RA6E TANK FOR MECHANIZED PUMPS
2057 IF PUHPTYPE >= 1 AND PUHPTYPE <= 4 THEN TDH = LIFT • STORLIFT ' TOTAL DYNAMIC HEAD FOR MECHANIZED PUMPS
2060 IF VTFLAG = 0 THEN VT=.15 ' VALUE OF TIME TO HAUL HATER (I/HDUR)
2062 IF MFLA6 = 0 THEN H = VT ' ATTENDANT HAGE RATE ASSUMED EQUAL TO VALUE OF TIME UNLESS SPECIFIED It/HOUR)
2065 IF LPCDFLAG = 0 THEN LPCD = 20:LET LPCDHP=20:LET LPCDSP=30:LET LPC0YT=75 ' HATER USE, (LITERS PER CAPITA PER DAY)
2092 IF TYTFLAG = 0 THEN TYT = 1 ' E5TIHATE0 TIME FOR COLLECTING HATER FROM A YARD TAP IHRS/M3I
2110 IF HRLCFLA6 = 0 THEN HELLC = 2000 ' THIS IS THE BASE COST PER HELL
2120 IF BUE0FLA6 = 0 THEN LET CUE0=5.0 ' OUEUE TIME AT OLD SOURCE (MINUTES PER TRIP)
2145 IF DELOFLAG = 0 THEN LET DEL0=15 ' OELIVERY RATE AT OLD SOURCE (LITERS PER MINUTCI
2150 IF DELHPFLAB = 0 THEN LET DELHPM5 OELIVERY RATE AT HANDPUMP (LITERS PER MINUTE)
2154 IF DELSPFLA6 = 0 THEN LET 0ELSPM5 ' DELIVERY RATE AT 5TANDP1PE IL1TERS/MINI
2156 IF VOLFLAB = 0 THEN LET VOL=20 ' VOLUME CARRIED PER TRIP FROM HP OR SP
2I5B IF DIST0FLA6 = 0 THEN LET DIST0=500 ' DISTANCE TD OLD SOURCE IHETERS)
2160 IF NALKFLA6 = 0 THEN LET HALK=3 ' WALKING SPEED (KM/HOUR)
2162 IF DISTFLA6 = 0 THEN LET D1STHP=5O: LET DISISP=50 ' ONE HAY TRAVEL DISTANCE TO HP OR SP
2174 IF S10RAGEFLAG = 0 THEN STORAGE =1.0 ' FRACTION OF DAILY FLOH THAT IS STORED.
2180 IF CPYIFLAB = 0 THEN LET CPYT=50 ' COST PER YARD TAP INCLUDING DRAINAGE
2185 IF CPSPFLA6 = 0 THEN LET CPSP=300 ' COST PER STANDPIPE 1NCLU0IN6 DRAINAGE
2190 IF CAPSUBFLAG = 0 THEN LET CAPSUB = 1 ' THIS IS A MULTIPLIER FDR CAPITAL COSTS. DEFAULT CONDITION IS A VALUE OF 1. A VALUE OF 0 MEANS NO CAPITAL COSTS.
2192 REM SETTING THIS F U G TO 1 6IVES A STANDARD RUN INCLUDING ALL COSTS
2200 IF NHPSETFLAG = 0 THEN NHP = 4 ' DEFAULT NUMBER OF HANDPUNPS
2205 IF NSPSETFLAfi = 0 THEN NSP = 3 ' DEFAULT NUMBER OF STANDPIPES
2210 IF IFLA6 = 0 THEN LEI 1=10 ' DISCOUNT RATE (PERCENT)
2220 IF LIFEMEFLA6 = 0 THEN LET LIFEHEMO ' LIFE EXPECTANCY OF MECHANICAL EQUIPMENT (YEARS!
2230 IF LIFENHEFLA6 = 0 THEN LET LIFENNE=20 LIFE OF NON-MECHANICAL EBUIPBENT (YEARS)
2260 IF HRPUKPFLA6 = 0 THEN LET HRPUHP=5 ' HOURS OF ELECTRIC OR DIESEL PUMPING PER DAY
2265 IF HRDELFLAG = 0 THEN LET HRDEL = 8' HOURS PER DAY HP OR SP IN USE
2270 IF VFLA6 = 0 THEN LET V=3 ' AVERA6E HIND SPEED IM/SEC)
2275 IF HM1LLCFLA6 = 0 THEN LET HHILLC=500 ' CAPITAL COST OF NINDMLL IJ/M2 OF AREA)
2280 IF ELP0NERCFLA6=0 THEN LET ELFOMERC=.1 'COST OF ELECTRIC POHER II/KHH!
2290 IF DIESELCFLA6 = 0 THEN LET DIESELCO COST OF DIESEL FUEL (I/LITER)
2292 IF DSLEFFFLA6 =0 THEN LET DSLEFF=0.075 DIESEL EFFICIENCY - FUEL TO HATER
:W IF PVF-FFFLAG=O THEN PVEFF = .T EFFICIENCY OF THE PHOTOV0TA1C SYS



2298 IF SCS31JFLfiB=0 T K p SCPM3=0' NEN SOURCE COST U/H3)
2300 IF LPCDOFLAG = 0 THEN LPCD0=20 ' INELASTIC REGION OF DEMAND CURVE
2320 IF On«EFLftS = 0 THEN LET DRHE-tO ' FACTOR FOR ANNUAL DIM COST OF HECH EQUIP II CAPITAL COST!
2330 IF 0HNHEFLA6 = 0 THEN LET OHNHEM'1 FACTOR FOR DiM COST OF NON-NECH EOUIP (1 CAPITAL COST!
2340 DEF FNPW1PrV0L,DEL,VT,LPCDI = (V0L/DEL/6OHVT»LPCD«365/V0L PUMPING COSTS PER CAPITA PER "(EAR
2350 DEF FNC0NVEY(DIST>ALK,QUE,V0L,VT,LPCD> = IDIST»2/IIAU</1000tBUE.'60liVTtLPCDt365/V0L ' COLLECTION HUE (HRS/PERSON/YEAR)
2352 IF BCST0RA6EFLA6 = 0 THEN LET 8CST0RA6E = 1000 BASE STORAGE COST
2351 IF CPPHATTFLA6 =0 THEN LET CPPKATT = 8 'COST PER PEAK KfiTT PHOTOVOLTAIC ARRAY INSTALLED
2356 IF CPHP1PEFLAG =0 THEN LET CPHP1PE = B 'COST PER KETER OF MAIN FIPE
2358 IF CPHLATFLA6 = 0 THEN LET CPHLAT = 6 ' COST PER KETER OF LATERAL PIPE
2370 IF 0TPCBFLA6 = 0 THEN LET OTPCB=0 ' HEALTH/OTHER BENEFITS
2420 IF 1 >.99 THEN LET 1=1/100 ' CONVERT TO DECIMAL
2430 IF OMME > .99 THEN LET 0MME=0MHE/100 ' CONVERT TO DECIflAL
2440 IF OMMHE ).11 THEN LET ONNME=0HNNE/IO0 CONVERT TO DECIMAL
2450 IF EXRAT10FLA6 =0 THEN LET EIRATIO = 1 DEFAULT VALUE FOR EIRATIO (SEE SUB 12000)
2460 RETURN
2500 REM FORMULAS niMmiHiiiiiHifiiKHiiMiiHiiimiiiiiiii

2510 RER THIS SECTION IS FOR ASSIGNING FORMULAS AND CONSTANTS
2512 REM SHORT SECTION FOR CALCULATING PRESENT VALUE FACTOR FOR HECH EQUIP
2514 LET PV=O ' INITIAIHE PV FACTOR
2516 FOR PERIOD = 0 TO LIFENHE STEP L1FEBE ' BEGIN LOOP
2518 IF PERIOD => LIFENNE 60T0 2522 ' END LOOP
2520 LET PV = PV • (1»IIA-PERIOD ' SUM THE PV FACTORS FOR EACH REPLACEMENT
2522 NEIT PERIOD
2530 LET AN = I(l-1HD"-LIFENHE)/Ir-1 ' FACTOR FOR ANNUAUZIN6 COSTS
2540 LET AREA - POP/HO/FSUE
2570 LET NYT = INTIP0P/FSUEM)
2580 IF WTISFU6=1 THEN EOTO 2420 ' SKIP CALCULATING NATTS AS FN OF LIFT
2590 IF LIFT < 15 THEN MATTS = 4M.IFTM0 ELSE NATTS = 100 PONER INPUT TO HANDPUMPS
2620 IF KIHPFLA6=1 THEN 60T0 2641 ' OVERRIDE CALC OF HP DELIVERY
2630 LET EFFHP=.4».OO667»L1FT ' EFFICIENCY OF HP
2640 LET DELHP=NATTS»6iEFFHP/LIFT ' DELIVERY OF HANDPUMP ILITERS/HIN)
2641 LET NCI=(4-0.04tLPCD0HVT ' CALCULATES THE CROSSOVER POINT ON THE DEMAND CURVE
2642 LET HCYT=TYT»VUSCPH3
2643 IF NHPSETFLAEM THEN NHP = NHPSET
2644 IF NSPSETFLAS=1 THEN NSP • NSPSET
2655 IF LPCDFIA6 = 1 THEN LPCDHP = LPCDiLPCOYT = LPCC:LPCOSP = LPCD
2660 IF LPCDFLA6 = 0 AND IDENTt = " W THEN 6D5UB 54000
2670 IF LPCDFLAB = 0 AND 1DENTI ='SP" THEN GDSUB 55000
2674 IF LPC0FLA6 = 0 AND IDENTI ='YT- THEN LPCDYT = (5-TYTIf20: IF KCYTMCX THEN LET LPCDYT = LPCOO
2690 IF IDENT* = "HP" THEN 9 = LPCDHP«POP/1000
2700 IF IDENT* = "SP" THEN S = LPCDSP«POP/1000
2710 IF 1DENT$ = "YT" THEN 0 = LPCDYTfPOP/lOOOtLET NYT = INT(PDP.'FSl!E».9):60T0 2890 • SKIP OVER HP AND SP CALC WHEN RUNNING YT [RUNS FASTER)
2750 LET SRHP = l60«DELHP)/IV0L<DELHP/2)' SR»i= SERVICE RATE
2760 LET 9MA1HP = Sf)HP<HRDEL>VOL/1000
2770 LET SRSP=[60«DELSP)/IV0L»DELSP/2)
27B0 LET QMAJSP = SRSPIHRDELI2I20/1000
2785 IF OPT1M11E$="Y" THEN 80 TO 2800 SKIP CHECK FOR SUFFICIENT NUMBER OF HP OR SP TO MEET DEMAND
2790 IF IDENT$="SP" ANO POPtLFCDSP/1000>NSP»BMAXSP THEN NSP--NSPM:PR1NT •INSUFFICIENT STANDP1PES, AN ADDITIONAL MATER POINT HAS 8EEN ADOED'iGOTO 2785
2795 IF IOENT$="HP" AND POPHPCDHP/lOOO/NHPfBMAJHP THEN NHP=HHPM:PRINT "INSUFFICIENT HANDPUMPS, AN ADDITIONAL PUMP HAS BEEN ADDED":GOTO 2785
2800 LET PPHP=POP/NHP
2810 LET PPSP=POP/NSP
2820 IF D1STFLAG -1 THEN 60T0 2850 DECISION ON CALC DISTANCE TO NEW SOURCE
2S30 LET DISTHP = S0RlAREA»10000/NKP)/2 'ONE KAY TRAVEL DISTANCE
2840 LET D1STSP = 58R(AREAHOO0O/NSP!/2
2850 REM
2660 IF QUEFLA6 = 0 THEN LET ARHP=LPCDHP»P0P/NHP/HRDEL/V0L:0UEHP=ARHP»60/SRHP/lSRHP-ARHP)' AR»«=ARRIVAL RATE ITRIFS/HRI
2880 IF QUEFLAG = 0 THEN LET ARSP=LPCDSP»POP/NSP/HRDEL/VDL:QUESP=ARSP"2»f>O/SRSP/l4tSRSP'2-ARSP'2)
2890 REN
2892 LET TO-12«O!STO/»ALK/1OOO*OUEO/4O«VOL/OELO/6O)MOOO/VQL

2894 LET THP=l2»DlSTHP/NALK/1000»OUEHP/60tVOL/OELHP/60H1000/VOL

2896 LET T5P=l2iD!STSP/»ALK/1000tOUESP/60iVOL/DELSP/60>tlOOO/VOL
2897 LEI NC0=T0«VT»SCPM30
2998 LET »CHP=THP«VT»5CPM3
•WO I F ' Ur^PiT^PHIT^rPHT



SET NUMBER OF DUTLETS ID 1
SET NlfflBER OF OUTLETS TO 1

THEN LET NHP=NHP-1:LET NHPSET = NHP:LET PPHP = P0P/NHP:60SUB 2500:G0SU6 7C00:B0SUB 1OOOO
THEN LET NSF=NSP-1:LET NSPSET = NSP:LET PPSP = P0P/N5P;B0SUB 2500:BGSUB 40100:60SUB ?500:60SUB 10500

3000 REti •Miliil<iMiilii<iiliiitl4iiiiiiiilliiii*ii>iiiiii

3005 REH OFTinilE NUKBER OF HANOPUHPS OR STANDPIPES
3007 REH PRINT 'ENTERING OPTIMIZATION FOR --•jlDENTI
3010 IF iOENT»=#HP" THEN LET NHPM:LE1 NHPSETFLAG = 1:LET NHPSET -- 1:LET PPHP=F0P/W
3012 IF 1DEHT$="SP" THEN LET NSP=1:LET HSFSETFLAG = 1:LET NSFSET = 1:LET PFSP-POF/NSP
3020 LET HBDLD=-999<?999
3040 IF 1DEN1! = 'HP' THEN GOSUB 2500:B05UB 7000:G05UB 10000 'CALC HANDPUNP COSTS AND BENEFITS
3047 IF ICENTI = "SP" THEN GOSUB 2500:60£UB *0t00:BO&UE 7SOO:60SUB IO5O0 CSLC STAHDPIFE COSTS AND BENEFITS
3050 REH LPRINT HHP,AttfXC,ANPCB,ANPCMB,N60LD
3060 LET NBNE«=ANPCNB
3070 IF NBNE*:NBOLD THEN 3110
3080 LET NBOL0=NBNEU
3090 IF U D E N H = "HP*) THEN NHP=NHP>1:LET NHPSET = NH?SET 11:FPHP = POP.'NHP
2092 IF I1DENH = "SP"! THEN NSP=NSP»I:LET NSPSET = NSPSET H:PFSP = POP/NSP
3100 GOTO 3040
31;0 IF IIDENT* = "HP
3120 IF IIDENT* = "Sf
3140 RETURN
3200 REN
4500 REA BRIO SOURCE COSTS t " U » i m i M » » i i i t i M H i i n i m i i i u i i
4520 IF PUHFCFL«6=0 AND LIFT=(7 THEN PU«PC=750
4530 IF PUNPCFLAG=O AND LIFT17 THEN PUHPC=275»25MLIFTtST0RLlFTM75t8/HRPUHFt500
4540 IF PUHPCFLft6=0 AND PUHFC<750 THEN PUNFC=750
4540 LET flNEC=2.5«0MLIFI»ST0RLIFT>«ELP0NERC
4570 IF STORCFLAG=0 THEN STORC=BCSTORABE»SCR(Q«STORAGE)
4660 RETURN
4700 REN
5000 REH DIESEL SOURCE COSTS i m i i i m i i i i i i m i i m i H i i i H i i i H
5020 IF PUHPCFLAG=O AND LIFT=C7 THEN PUHPC=2000
5030 IF PUnPCFLA6=0 AND LIFT>7 THEN PUHPC=(275t25HLIFT.ST0RLIFT)t75iQ/HRPUMPI»3500
5040 IF PUNPCFLAB=O AND PU«PC<750 THEN P0«PC=750
5060 LET «NEC=0.08625»BHL]FT»STQRLlFT)iBIESRC.'DSLEFF
5070 IF ST0RCFLA6=0 THEN ST0RC=BCST0R«6E»S0RIQiST0RAGFJ ST0RA6E COSTS
5080 RETURN
5100 REN
5500 REN SOLAR SOURCE COSTS i i i i i n i n i i i i i i m i i i m u i m i i m i t i i i u
5520 IF FUHPCFLAG=O AND LIFT < 7 THEN PUNPC=75O
5530 IF PUHPCFLflB=O AND LIFT=>7 THEN PUNPC = 275»25MLIFTtST0RLlFT)t75»Q/HRPUNP
5540 IF PUNPCFLA6=0 AND PUHPC<750 THEN PUNPC=750
5545 LET HP = 2.72«BMLIFT«STDRL1FTI/PVEFF/INS
5550 IF S0LARPVCFLAG=O THEN SOLARPVC = CPPWATTtUP
5570 IF STORCFL«G=O THEN 5T0RC=BLST0RABEiSQRIQ«ST0RAGE)
5600 LET ANEC = 0
5640 RETURN
5700 F-.EM
6500 REB HIND SOURCE COSTS »mii»mn«i»t»»ii«tit»»»»ii»iti«»«m»fi
6510 LET ANEC = 0
6550 IF PUNPCFLA6=0 THEN PUI1PC=tmiLLCM.lo»8«ILIFTt5T0RLlFT)/VA3
6560 IF ST0RCFLA6=0 THEN ST0RC--BCST0RA6E»SQR(Q»ST0RAGE)
6670 RETURN
6700 REH
7000 REH HANDPUHP COST CALULATIONS I I I H I H H I H I I H I H I I I H I H I I I I H
7005 IF CPHPFLAG = 1 60 TO 7010
7007 IF LIFT <= 12 THEN CPHP = 250 ELSE LET CPHP=5OO*B»L1FT
7010 LET Pl)NFC=CPHPtNHF
7015 LET HF»ELLC=»ELLC»NHP
7020 LET PCC=(PUNPC»HPHELICI/FOP
7025 LET ANPCCC=IPU«PC«PV»HPKELLCUAN/POP
7030 LET ANPCOHC=(PUHPC«ONHE»HP»EU.C«OHNHE)/POF
7031 LET ANPCCC = ANPCCC»CAPSUB ADJUSTS CAPITAL COSTS FOR ANY 5UBSIDY
7032 LET ANPCEC=FNPUHPIVOL,DELHP,VT,LPCOHP>
7033 LET ANPCnC=LPCOHPiSCPI13i365/|000
7035 IF AHP«FLAG=O THEN AHH*=NHF»2
7037 LET fiNPCAC=AHP»m»52/P0P
7038 ANPCHC=FNCONVEYIDISTHP,K«LK,0UEHP,VOL,VT,LPCDHP)
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7047 LET P!17C=ANPCTC«l«iO/LPC0HP/365
7050 PET URN ' '
7100 REH
750" P.EH S7AHDF1PE COST CALCULATIONS H n n i i i i n n n n i m t i m 4 i i n

7520 IF LPIPEFLAG=O THEN LFIFE=90»NSF\4iAREA\6
752) i r F1PECFLA6=O THEN PirEC=LPlpE»CPHPlPE
7530 LEI ISPC=CFSP«NSP
75J3 IF PUHF1YFE O 3 THEN S0LARPVC=0
7535 LEI PCC=(«ELLCtPtJHPCtST0RCtSOLARPVC»PIPECtISPCI/P0F
75»O LET ANPCCC=i(PUHPCMSPC>«PV»yElLC»ST0RC»50lARPVI>PlPECHAN/P0P
7545 LET ANPCOHC = UFUHPCtISPC)»OXHEtltlELLC»STORCtSOLARFVC»PlFECIiOHM1E)/F0F
7550 IF PUMPTYFE=4 THEN ANPC0HC= I IPUHPC/4*X5PC>lOJWE*(PUHPC»3/4*MELLC*STORC*PIPEC)»D«IWE!/FOP
7553 LET flNPCCC = ANPCCC»CAP5UB ADJUSTS CAPITAL COSTS FOR ANY SUBSIDY
7555 LET ANPCEC=ANEC/POP
7554 LET AHPCHC=LPCDSP*SCPH3*36S.' 1000
'557 IF AHF-HFlAG=i) THEN AHPN=NSP»2
7558 IF FUHPTYFE = 2 AND AHPMFLAG ' 0 THEN AHPN = NSP>2*HRPUHPf7
7559 LET ANPCAC=AHPX»H«52/F0P

7563 AMPCHC=FNCONVEY(D]STSPatMLK,giJESP,VDL,VT,LPCDSP)tFHPUnP(VOL.DEL£P1VT,LPC0SP> HAUL INCLUDES CONVEYING AMD SUE TIKE

7565 LET ANPCC=ANFCCC»AHPCOHC<ANPCEC»ANPCAC
7570 LET ANPCTC=ANFCC«ANPCHC'ANPCHC

7575 LET PN3C=ANPCTC«IOOO/LPCDSP/365
7580 RETURN
7600 REM

8000 RET1 YARD TAP COST CALCULATIONS M i i i i i i i H i i i t i M i i i i i i i i i i i i i i i t i H

8120 IF LP|PEFLAB=O THEN LPIPE=90«NYT".4iAREAA.6

B125 IF LP]PCFLBE=O THEN PIPEC = LPIPE»CP«PIPE
8140 IF LLATFLA6=0 THEN LLAT=40«IAREA/NYT)'.63
8145 IF LLATCFLA6=0 THEN LATC=LLAT»CPHLATiNYT
8i50 LET YTC=CFYTINYT
8152 IF FUNPTY»E 6 3 THEN SOLARPVC=0
8153 LET PCC=IHELLCtPUNPC»STDRCtSOLARFVCtFIPECtLATC*YTCI/P0P
B155 LET ANPCCC=l<PUWC»YTC)«PV»«LLC»STORCtSOLARPVCtPIPEI>L»TCI»AN/FOP
8160 LET ANPCO»C=(IPUHPCtYTC)iD)1HEM«LLC*ST0RC»S0LARPVCtPIPECtLATC!«DI1NI1E)/P0F

8165 IF PUHPTYPE=4 THEN AHFC0«C=((FimPC/4HTC)tOIWE«lPUHPC»3/4»IIELLC«STOItC»P|PEC»LATCI»0IINHEWPOP
8167 LET AKPCCC = ANPCCdCAPSUB 'ADJUSTS CAPITAL COSTS FOR ANY SUBSIDY
8170 LET ANPCEC=ANEC/POP
8172 LET ANFCMC=LPC0YT»SCPH3»365/1000
8175 IF PUHPTYPE = 2 AND AHPKFLAG = 0 THEN AHPN = HRPUHP»7
8176 IF AHFNFLA6 =0 AND PUNPTYFE <)2 THEN AHPN = 0
8177 LEI ftNPCflC-flHFH»X»52/P0P
8180 LET ANPCC=ANFCCC»ANFCOHC»ANPCEC*ANPCAC
8185 LET ANPCTC=ANPCC<ANFCHC»ANPC?1C
8190 LET FN3C=ANPCTCM000/LPCDYT/365
3195 RETURN
62C0 REh
iOOO1) REH HANCFU1P BENEFIT CALCULATIONS n i H i i m i H i i H i i i m i i i n
10010 IF UCO=';NCJ AND KCHP=>UCI THEN ANPCB=(103/5MNC0-NCHP)-l/5/2/VT»IIIC0*2-HCHF'2n»3t5/1000 tOTPCB
10020 IF »CO='.NCJ AND «HP=<NCI THEN ANPCB=(4/0.04» mEO-MCHP) -1 /0.04/2/WT* tHC0*2-WCHP' 2)) »345/ 1000*01PCB
10030 IF NCO=>»CJ AND HCHP-- HCI 1HEN ANPCB=(103/S«(HCO-HCX)-l/S/3/VTi(HCO*Z-HCX'2))*3faS/H)0rj-»<4,'0.C4*(HCI-HCHP)-1/0.04/2/VTifHCX*2-HCHP"2))tI65/IOO(i«OTPCB
10035 IF KCO=<»CJ AND »ICHP=:KCI THEN ANPCB=U03/5< I»C(-NCHF! -i;5/2. 'VTllHCX'2-HCHP'2i)»365/1000*(4/0,04«lltCO-UCll-l /OJi4/2/VT«()ICOA2-HCr2))»:t5/100(itOTFCB
10037 REH LPRINT flNFCB,MCO,MCl,WCHF,LPCOO,LPCDHP,'JT,OTPCF;'ftNPCB,WCO,HCX,MCHP,LPCDO,LPCDHP,VT,OTFCB"
10040 ANFCNB=ANPC8-ANPCC
10050 RETURN
10100 REH
1'IJOO RER STANDPIPE BENEFIT CALCULATIONS • I I M U M I I H I H I U M I I I I I I I I
10510 IF HCOOIKI AND »CSP=>HCI THEN ANPCB=(103/5«(NCO-NCSPI-l/5/2/VTill(CO'2-NCSP I2))»365/1000 «OTPCB
10520 IF NCO=<NCX AND HCSP-NC1 THEN ANPC8=(4/O.04»(KC0-KCSP)-l/O.04/2/VT«H(C0'2-KCSP*:i)«365/1000»DTPCB
10530 IF tO=>HC« AND WCSF=;NCI THEN ANPC8=(103/5«IHC0-»CJ>-l/5/2/VTilllC0>2-NCr2) H345/I0OOM4/O.O4M»Cl-»CSP)-l /0.O4/2/VT«IIICr2-t(CSF*2))i3t5/10O0t0TPCB

10535 IF KCO=;NC> AND KC5F = >»CI THEN flkPCB=(103/5MNC<-N[SF!-l/5/2»VTi(NCr2-NCEP'21 J«365/1000t(4/0.04f(l(CO-IICl' '- l /0.04/2/VTllNCO*2-IICr2)!»365.'1000JOTPCB
10540 ANPCNB=ANPCB-ANPCC
10550 RETURN
10600 REH
MCOO REH VOPO TAF BENFFTT CWCULfi'IONS M i m i w i i i i i i i w i i H i i i m



?/VTi iWC0*2-WcrI) H 3 6 V 1 0 0 0 ' 14 /0 .04* l iO -WCYT) -1 /0 .94 /7 /VTMWtf2 -MCYT"! M7.65;!00i)<0TPC8
-' I /VTi (KCI-:-«CYTTI)»J65/1000*<*/0.0««(HCO-HCX>-»;0.t-4/l>VT»(MCO-;-*CX -2) i«365-- l"0"*0;r [8

12090 IF HFYTFLAG =
12120 IF HPYTFLA6 =
12140 IF HPSPFLA6 =
12150 IF SFYTFLAG =

lldi../ It "l.9--.m.l A... i , H - ,.,I iil»..i» l(IB.mi...l ...II.

11030 IF W:r->WC1 AND »CYT=;WCJ THEN AHPCB-i10J/5*(WCO-VCl;-1/
11035 IF WC0='.«l AND WC'T=>WCI THEN ANrCB=(l(i3/5MWQ-WCYT!-l
11060 LET ANrCNB=ANFC8-ANPCC
11070 RETURN
11100 REN
1200V REH THIS SUBROUTINE IS FOP DETERMINATION OF THE SET CF FD1MTS ALDN6 AN OPTIMIZATION LINE BETWEEN HANDFUHPS AND STANDPIPES OP. HP AND YT OP 3P AND YT
12010 REH TH15 SUBROUTINE MUST HAVE ONE OF THREE FLAGS SET TO ZERO AND ONLY ONE OF THE THREE FLAGES, WHICH ARE HP5P,HPYT.5PYT
12020 REM
12035 LET VT-.1 •INITIALIZE 1HE WAGE RATE TO A LOW VALUE
12050 LET CNT=1
12060 LET 1NC=.15
17070 IF IHPSPFLA6 = I) DR IHPYTFLAG = 1) THEN IDENT*= 'HP":G0SU8 3000:LET AKPCBHP=ANPCB:LET ftNPCCHP=ANPCC:LET ANPCN8HP=ANFCNB
12080 IF HPSPFLAG = 1 OR SPYTFLAB = 1 THEN IDENT»= "SP'tEOSUB 3000:LET ANPCBSP=ANFCB:LET ANPCCSP=ANFCC:LET ANPCN6SP=ANPCNB

OR SPYTFLAG = 1 THEN IDENTJ= "YT:6QSUB 2500:G0SU8 40100:G0SUfi 800O:G0SUB 11000:LET ANPCBYT=ANFCB:LET ANFCWT=ANPCC:LET ANFCNC-VT-ANPLNB
THEN LET DELBEN=6NFCNEYT-ANFCNEHPtE)(RATI0
THEN LET DELBEN=ANPCNBSP-ANPCNBHP«EIRAT10
THEN LET DELBEN--ANPCNBYT-ANPCNBSP«EJRATID

12155 !F CNT=1 AND DELBEN:O AND VT > 0 THEN LET VT=VT-.5:G0TO 12060
12157 |F CNT=1 AND DELEEN>0 AND VT < (' THEN LET VT=VTt.2:GOTO 12060
12160 PRINT "CNI=';CNT
12170 PRINT -E*RATIO=";EIRftTIO,"VT=-;VT,-lNC=*:IHC,"DCLBEN=";BELBEll
12180 IF SPYTFLAG = 1 THEN PRINT "SPYT=,N8SP=-;ANPCNBSP,"NBYT=";ANPCN6YT
12190 IF HPSPFLAG - I THEN PRINT ' H P S P ^ N B H P ^ I A N P C N B H P . ' N B S F ^ J A N F C N B S P
12200 IF HPYTFLA6 = 1 THEN PRINT %HFYT=lNBHP=-;ANPCNBHP,

<NPYT=';ANFtNBYT
12210 LET CNT=CNT»1
12230 IF CNT;25 THEN 12320
12250 !F ABSIDELBEN1 (.05 THEN 12360
12260 IF CELBEN )0 THEN 12290
12765 IF VT/1 THEN LPRINT 'VT GREATER THAN H.OO'sBOTD 12360
12270 LET VT=VT»INC
12280 GOTO 12070
12790 IF VT ( 0 THEN PRINT "VT LE5S THAN ZERO ":60T0 12360 THIS IS ONLY EXECUTED WHEN VT IS BELOW ZERO AND MILL NEEDS TO BO LOWER TO FIND A CROSSOVER POINT
12295 LET VT=VMNC»INC/3
12300 LET 1NCMNC/3
12310 GOTO 12070
12320 LPRINT "HOPE THAN 25 ITERATIONS"
12330 END
12350 END
12360 IF OUTCHDICE = 2 THEN GOTO 12390
12362 IF F1R5T1ME* = "V THEN LPRINT 'RUN,IOEN!,EIRAT!0,VT,LIFT,ORATE,POP,MELLC,IIOF /NOF ,ANPCNB,AHPCNB*
12365 IF SPYTFLAG = 1 THEN LPRINT •SPYT=';EIRAT|O,VT,LIFlll,POP,WELLC,NSP,NYT,ANrCNBSP,ANPCNBYT,DELBEN
12370 IF HPYTFLAG = 1 THEN LPRINT •HPYT=";E«RATID1VT,LIFT,1,POPIWELLC,NHP,NYT,ANPCNBHP,ANPCN8YT,DELBEN
12380 IF HF3FFLA6 = 1 THEN LPRINT •HPSP=';EIRATI0,VT,LIFTll,P0F,>IELLC,NHF,NSP,ANPCN8HP,AN!>CN6SFlDELBEN
12382 LET F1RS11MEJ = "N-

12385 RETURN
12390 IF F1RST1KEI = "Y* THEN WRITE II,'RUM,[DEMT.EitRflTIO,VT,LIFT,ORATE,POP,KILC,DEWS.flNPCW,ANFCMB"
12392 IF FIRSTIMEI = "Y" THEN PRINT "RUN,I0ENT,EIRAT]O,VT,LIFT,DRATE,POP,WELLC,DENS,ANPCNB,ANPCNB"
12395 IF SPYTFLAG = I THEN WRITE II, fSfYT=piEIRAT10,VT,LIFT,I,P0P,WELLC,HD,ANPCNBSP,ANPCNEYT,DElEEN
12396 IF SPYTFLAG =
12405 IF HPYTFLAG =
12402 IF HPYTFLAG =
12410 IF HP5PFLA6 --
12412 IF HFSPFLA6 =
12430 LET FIRSTIKE* - 'V
12450 RETURN
12500 REM
13000 SE« THIS SUBROUTINE IS F0» DETEBHINflTION OF NET BENEFITS SNITHCIN6 VALUES AT AN OPTIMIZATION LIKE BETWEEN HP AND SP, HP AND YT, OP. SP AND YT
13020 REN
13035 IF FIR5TIHEI = "Y' THEN LET V7=.0l INITIALIZE THE WAGE RATE TO A LOW VALU
13050 LET CNT=1
13060 LET 1NC=.15
13070 IF IOEHT*= "HP" THEN 60SUB 3000
13080 IF IDENT»= "SP" THEN OOSUB 3000
130'f' IF I C E N U - ' V I " TMFN JO";Jf 25Of':P0SL'B 4010t':GtJSUP SOOf':5!)5U9 11000

THEN PRINT •SPYT=I;EJRATIO,VT1LIFT,l,POP,WELLC,HD,ANPCNBSP,fiNPCNBYT,DELBEN
THEN WRITE I I , "HFVT=•;EXRATIO,VT,LIFT,1,FOP,WELLC,HD,AHPCHBHP,ANPCNBYf,DELBEN
THEN PUNT •HPYT=-;EIRATIO,VT,LIFT,I,POF,WELLC,HD,ANPCKBHF',ANPCNBYT,DELBEN
THEN WRITE I I , <HPSP=";EIRAT1O,VT,LIFT,I,POP,WELLC,HD,ANFCNBHF1ANPCNBSF,DELBEN
THEN PRINT •HPSP=";E»RAT10,VT,LIFT,1,POF,WELLC,HD,ANPCNBHP.ANPCNBSF,CELBEN
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IViEO
13190
13210
r>::o
11210
15250
13260
11270
13:90
13290
13295
13300
133*5
11510
13320
13322
13340
13360
13140
13450
15250
15252
15258
15260
15265
15270
15271
15272
15275
15280
15265
15290
15295
15300
15305
15310
15315
15320
15325
15330
15335
15340
15345
15:50
15355
15360
15365
15370
15375
15380
15385
15390
15395
15400
15405
15410
15415
15418
15420
15422
15424
15426

SYSTEM PUHP POP HO AREA
•;IDENTJ;" -;PUnP« USING "

THEN LFRINT ' SYSTEM FUffF POP

. N . » . I V t * l = . l U J I I I , . 1 , V I , l n L ;! . . . . , . DC ; ,

I f ! D S " H = 'HP" THEN PRINT "WF = ";NHF,"0UEHP=*9UEHF,"HIS"HP-";DI5THF
IF IOENT$="EP' THEN PF.JNT •NSP=<;HSP,"DUESP=10L'E3F/!HSTSF-- -;DI:TSP
LET CNT-GNTtl
IF VT;.;1 THEN 13340
IF CNT-25 1HEN 1332O
IF APSIANFCN8K.01 THEN 13360

IF ANPCNB K: THEN 13290
LET VT=VTMNC
BQTQ 13070
REN
LET VT=VT-|NCMNC/3

LET INC- lNC/3
IF VT <0 THEN LET VTMNC
60T0 13070

LPRINT "HDRE THAN 25 ITERATIONS'
6010 13360
LPR1NT 'VALUE OF TINE 6REATER THAN 12.00"
G0SU6 18000
LET FIRSTIME* = "V
RETURN
RED PRINT DETAILED SUMMARY u i M U i m i i i t n l i H i i l i m u u i i
PRCNT=FRCNTM:IF PRCNT=4 THEN LPRINT CHRSU21 :FRCNT=!

LPR1NT CHRf(IS)
KIOTH "LfTI:" , :55
IF IDENT$="HF' THEN LPRINT •
IF IDENT«=-HF' THEN LPRINT •
IF IDENT*="SP" OR IDENTIFY!
IF IDENT«="SF- OR IDENTIFY!1 THEN LPRINT
LPRINT • LPCDO NALK OISTO QUEO
LPRINT USING ' IM I HII
LPRINT ' VT I LIFEflE L1FEHHE
LPRINT USING " I . M I . I I II
IF IOEHT$=-HP' THEN LPRINT • NHP CPHF NELLC
IF IBENT«='HP" THEN LPRINT USIN6 ' II HII
IF IDENT*="SP" AND PUNP»='E" THEN LPRINT • NSP
IF IDEHTt='SP' AND PUWJ="E" THEN LFRINT USING '
IF IDENTI^SF" AND P U H P I = - f THEN LFRINT ' NSF
IF IDEN1»="SP" AND PUNP»=PD- THEN LFRINT USING '
IF IBENT*=-SF- AND FUHPI^S" THEN LPRINT " N3P
IF IDENT*="SP" AND PUNP»="S" THEN LFRINT USING •
IF IDENT»="SP" AND PUHP»="K" THEN LPRINT " NSP
IF IDENTI^SF" AND P U H P l ^ l i 1 THEN LPRINT USING "
IF IDENT»="YT" AND PUI1Ff = "E" THEN LPTilN; " NYT
IF IDENTt="YT AND PUMP*='E" THEN LPRINT USIN6 "
IF lDEtiT$="YT AND P U N P M T THEN LPRINT • NYT
IF I D E N T I F Y ! " AND FUHF»="D- THEN LPRINT USING "
IF I D E N T I F Y ! " AND PUHP»="S" THEN LPRINT " NYT
IF IDENT»="YT" AND PIJHF$="S' THEN LPRINT USING '
IF IDEMTI="YT' AND PUHP»="K" THEN LPRINT " NYT
IF IDENM= P SP' AND PUKPS=-IT THEN LFRINT USIN6 "

IF 1DENT»="HP' THEN LFRINT " PCC TDTALC NELLC
IF 1DEHT$=*HP" IHEN LPRINT U5IN6 • I I I . I I H U H
IF IDE«T$='SP" AND P l i B P I O ' S " THEN LPRINT " FCC
IF IDENTJ='SF" AND P U H F I ' l ' S " THEN LPRINT USIN6 ' I I I . I I M H t l t l l l l
IF I D E N T I F Y ! " ANO P U H F I O ' S ' THEN LPRINT " PCC TOTALC KELLC PUHPC

' U O E N T f ; -

DELO TO DIST
M.I II.I II.I HII M.I

DIME QMNME Cflf SUB E l RAT ID
II I.M I.II I.II I.M

pp
MM

HC

LPCO
M

AREA

«P» USING '

JE DEL

LIFT
I I I

PP
Mil

T

•
I I I
ltd)
I I

NCO

Ml.l
UFT

I t *
UC1

ir;FOF,HD,AREfi ,PF,PRLPCD,UFT:LPRINT
TDH"

Ml III.I I I irjPOF,HO,AREA,FP.PRLFCt,LIFT,TDH-.LPRINT
HC"

I I . I I M.ir ;LPC00,KALK,DISTO,BUEO,DELO,TO,DIST,0UE,DEL,T,IICO,NCX,PRMC:LPRINTII.I M.I II. II
AHF'M OTPCB"

I . M M . I M.ir;VT,I,LlFEnE,LIFENNE,OmiE,OI1N«E,CAPSllB,EI(RATID,ll,AHFI(,OTPCB:LPRINT
HATTS EFFHP DELHP Q/HP CNAIHF Z CAP"
H i l l I I I . I I . M I I . I I I . I I I . I I.ir;NHP,CFHP,UELlC>AnS,EFFHP,DELHP,Q/NHF.DHAIHP.Q/NHF.miiLFRlNT
CPSP HELLC 5T0RAGE OSTDKE LFIPE CPMPIFE ELFOKERC HRPUMP"

I.M Ml.l MM» II. I I I.II
OSTORE LFIPE CPNPIFE DIESELC HRP'JUF

I.M
1

• I.M
V

MM
CPMLAT
HIM

CFHLAT DIESELC
HIM MM

CPMLhT CPFKATT
Mill 11.11

CPHL6I W1ILLC
Mill 11.11

M Ml Mill
CPSP HELLC STORAGE
M IM H I M
CPSP NELLC STORAGE
II Ml Mill
CPSP NELLC STORAGE
II III H I M
CPYT MELLC STORAGE
III Ml HIM
CPYT HELLC STORAGE
IM Ml Mill
CPYT «LLC STORAGE

III Ml Mill
CPVT NELLC ST0RA6E
III III H I M
PUHPC"

H I M Mir;PCC,FCC«FOF,»ELLC,PUm>C:l.PRINT
TOTALC NELLC FUNPC JSPC STORC PIPEC*

M i l M i l l H I M i m i ' ; P C C , P C C » P 0 P , HELLC, PU«PC,>EPC, STORC, FIPEC:LPRINT
YTC 5T0RC PIPEC"

I.M
OSTORE

I . M
OSTORE

I I I
QS10KE

I I I
QSTDRE

I I I

QSTORE
I.M

QSTORE
I.II

Ml.l
LFIPE
IM.I
LFIPE
Ml.l
LF1PE
IM.I
LFIPE
• M.I
L^IPE
IM.I
LFIPE
M l . l

Mill
CFHFIFE

• MM
CPNPIPE

•MM
CPHPIPE

Mill
CPHPIPE

• MM
CFHP1FE

Mttl
CPI1FIFE

Mill

II. II
CPPNATT

II. II
W1ILLC
II.M
LLftT

I I . M
LLAT

11 .11
LLAT

II. It
LLAT

11 .11

II.f;NSP,CPSP,NELLC,ST0RASE,QiSTCRft6E,LPIFE,CFnPIFE,ELP0NERC,HRPUHP

DSLEFF-

I I . I l.ir;NSP,CPSP,»ELLC,ST0RA6E,eiSr0RA6E,LPIPE,CrNriFE,DIESELC,HRFU«P,DSLEFF:LPRINT

HF"

l.l"jNSF,CFSP,«ELLC.ST0MBE,IH3T0RII5E.LFIPE,CPI1FIPE,CPPII«TT,I,yF:LPRINT

I.•"jNSP,CP5P,HELLC.STORAGE,O«STORAGt,LPlFE,CP«F;PE,H«ILLt,V:LPRINT
EL PC

I t . I I I.M"iNYT,CPYT>ELLC.51DMBE,l!»ST0RA6E,LPlPE,CFI1PIFE,LLAT,CPI1LAT,ELPC:LFIIINT

I.ir;NYT,CPYT,NELLC,ST0Rfi5E,e»ST0RAGE,LPI5E,CPt1PIPE,LLAT,CPflLAT,DlESELC:LFRINT

HP"
I . M lllir;NYT,CPYT,KELLC,STORAGE,QiSTORAGE,LPIPE,CF«P!FE,LLAT,CPnLAT,CPP»ATT,NF:LPRINT

V"
M M I . I";NVT, CPYT, NELLC, STORAGE, B»ST0RA6E,LPIPE,CPNPIFE,LLAT,CPI1LAT,KniLLC,V:LFRINT

IF IDENTt = -YT- AND PunFtO 'S ' THEN LFRINT USING ' M l . l t M U M H I M

IF IDENT$=-5P" AND PUItPI="S" THEN LPR1NT " PCC TOTALC NELLC PUHPC
IF rOENT»='SF' OND PUHPI^S" THEN LPPINT USINB ' l l l . t t M U M t t l t l
IF IDENTIFY!" ANO PUHP*='3" THEN LPRINT " PCC TOTALC MELLC PUDPC
IF 1DENT»="YT- AND PUNF*="S" THEN LFRINT USING ' I I I . M M M M I H M
LPRINT • ANFCCC ANFCDHC ANPCAC
LPRINT USING ' M . M M . M

c.«™ RETURN

ANPCEC
M.M

ANPCHC
11.11

I I I ! M i l l H I M I I H I * ; PCC ,PCC»POF ,«LLC,PUHFC, YTC, STORC, F1PEC:LPRINT
XSPC STORC P1FEC SOLARFVC"

MM Mi l l t l l l l M i l l HMf;PCC,PCCiP0P, NELLC, PLinPC,XSPC,£TORC,PIFEC,SnLfiRFVC:LFRlNT
YTC 5T0RC PIPEC SOLARPVC

till Hill H I M M i l l Mtir;PCC,PCC»P0P,NELLC,PUI1PC,YTC,ST0RC,F!FEC,S0LARFVC:LFRINT

ANPCHC
M . M

ANFCTC FM3C
M.M MM

ANPCC
M.M

ANPCB
II.II

ANPCNB'
11.11 II.H';ANPCCC,ANPCO«C,ANPCAC,ANPCEC,ANFCHC,ANPCHC,ANFCTC,FKC,ANPCC,ANPCB,ANFCNB:LPRINT:LPRINT:LPRINT

'0 IS fPI>ji;>; Of 9'5K DPWE



1B'>% IF UIJENTJ^YTMHEN LET PP=f"SUE:PRLFCI>=LFCBYT:0UE=0:OHOI=0iPRHELLC=HELLC: 1 = TVT:FR»C=MCYT
19C0B IF PUW1VPE--1 THEM PUMP»="E" :t ». »
IBOIO IF PUMPTYPE=2 THEN FWIP»="D' *• • •> ^ <t
18012 ;F PUMPTIPE=3 THE* PUMP$="5 -

IBOU IF 'linnvPE^ THEN PU«F» = "ti'
18016 IF (OUTCHCICE = 1) THEN GOEUB IB3O0 DU10UT SHORT SUMMARY TO LINE PRINTER
leoie IF (OUTCHOICE = :i THEN GDSUB IB;OO OUTPUT SHORT SUMMARY TO 123 FILE *
18020 IF (OUTCHOICE = ',1 THFN GOSUB 15:50 OUTPUT DETAILED SUHIIflRY TO PRINTER
1810!) RETURN
18200 REM PRINTING TO LINE PRINTER • • H H I . I M I H I I H U H I I H H H U M H M
18207 IF DUTCH0ICE=2 THEN GOTO 1B300
18205 MIPTH "LPTI:",255
1B206 IFUNT CHRJI15)
IB209 IF PL=FLLL AND SL=SLLL OR looop=2 AND SL=SLLL THEN PRINT 'SYSTEM PUHP POP HD VT LIFT NELIC LPCD";" •jPLVARl;" ";SLVAR»
1B210 IF PL=PLLL AND SL=SLLL OR looop-2 AND SL=SLLl THEN LFRINT:LPRINT "SYSTEN PUMP POP HD PP VT LIFT UELLC LPCD HFM3 PCC ANFCTC FM3C ANPCC ANPCB ANPCNB";" ";PLVAR«;" "jSLVAR*
1B212 PRINT • • jIOENT*;" 'jFUIIP* USING ' M i l I t I . I I I I H i l l I I . I t i l l . I I IHI. ir;P0P,HD,VT,l iFT,Pft»ELLC,LPC!),PL,3L
1B214 LFRINT • ";IDENT$;" ";FUW» USING " H I I I t I I I I . I I I I H i l l I I . I I I . I 11.11 H . l l 11.11 I t . I I M . l l I t . I t M M . I I lilt.If-.POP.HD.PF.VT,LIFT,PRHELLC,PRLPCD,T,PCC,ANPCTC,P«3C,ANPCC,ANPCB,ANFCNB,P
L,5L,
182U RETURN
18300 REM PRINTING TO 123 FILE H I I M I I I I I M I M I M I M I M M I I I I M I H I M M I I
18301 IF PL=PLLL ANO SL=5LLL OR Iooop=2 AND SL=SLLL THEN PRINT 'SYSTEM PUNP POP HD VT LIFT MELLC L F T 0 V • ;FLVARf ; - ":SU'ARJ
18302 PRINT • • ; I D C N T $ j " ";PU«P» USING • I l l l t l M l I I H i l l I I . I t l l t . t l t i l l . t r : P 0 P , H 0 , V T , L I F T , F R M E L L C , L P C D , F L , S L
1B303 IF PL=PLLL AND SL=SLLL OR laoop-Z ANO SL=SLLL THEN KRIIE I I , " S Y S " , " P T , ' F O F - , " H D " , " P F - " , " V T - . " L I F T " , - M E L U C " , " L F C D " , • T V FCC",'f iNFCTC*." mil"."ANPCC","flNFCB",'flNPCNB",FLVflR$,SLVAR*
18304 MRITE I I , lDENT»,PUtlP»,POP,HD,FP,VI,LIFT,PSMELLC.PRLPCO,i,PCC,ANPCTC,FH:C,AKPCC,ANPCB,ANFCNB,PL,SL
18310 RETURN
31000 REN SUB FOR H0NDFUHP5 ONLY CALCUALTIONS H n « i M i i « i n t i < i » i m H
31010 IDENT»="HP" 'SET IDENTIFICATION FOR PRINTING
:iO15 IF looop=0 THEN 31050
31020 FOR PL = PLLL TO PLUL STEP FLINC
31025 60SUB 52000 SELECT UAR FOR PLIPRIMARY looopl
31030 IF looop = 1 THEN GOTO 31050
31040 FOR SI = SLLL TO SLUL STEP SLINC
51042 GOSUB 53000 SELECT VARIABLE ASSIGNMENT FOR 5L
31050 IF (OPTIMIZE* = "Y'l THEN GOSUB JOOO:EDTD 31090
31060 GOSUB 2000: 60SUB 2500 FORMULA ASSIGNMENT
31070 GOSUB 7000 HAND PUHP COSTS
31080 GOSUB 10000 HAND PUNP BENEFITS
310?0 BOSUB 18000 FOR PRINTIN6 OUT RESULTS
31095 IF looop=0 THEN RETURN
31100 IF looopM THEN 60T0 31120
31110 NEIT SL
31115 REM
31120 NEIT PL
31130 RETURN
31200 REM
32000 REM SUB FOR STANDPIPE CALCULATIONS m i n i i n i i m m i n i n i i u
32010 IDENT»='SP" SET IDENTIFICATION FOR PRINTING
32020 IF looop=0 THEN 32080
32030 FOR PL = PLLL TO PLUL STEP PLINC
370*0 60SUB 52000 SELECT VAR FOR PLIFRIMARY looop)
32050 IF looop = I THEN GOTO 32080
32060 FOR SL = SLLL TO SLUL STEP SLIHC
32070 GOSUB 53000 'SELECT VARIABLE ASSI6NNENT FOR SL
32080 IF (OPTIMIZE* = •Y'l THEN GOSUB 3000:6010 32130
32090 GOSUB 2000:G0SUB 2500 'FORMULA ASSIGNMENT
32100 60SUB 40100 CALCULATE SOURCE COSTS
32110 60SUB 7500 'CALCULATE CONVEYANCE COSTS PIPE AND CARRY
32120 GOSUB 10500 STANDPIPE BENEFITS
32130 GOSUB 1B000 FOR PRINTING OUT RESULTS
'•2140 IF looop=0 THEN RETURN
32150 IF looop=l THEN 60T0 32180
J2160 NEU SL
32180 NEIT PI.
32190 RETURN



33010 lBENU="*r SET jOENTlF'.CflllUH fOii riflNTIiw
53020 ir looop^O THEN o3090
J3O3O FOR PL = PILL TO FLUL STEF PL INC
33040 605UB 52000 SELECT VAR FOR PLIPRIHARY looop)
33050 IF looop - I THEN GOTO 33090
J3J60 FOR SL = SLLL TO SLUL 5TEP SLINC
33070 GDSUB 53000 SELECT VARIABLE ASSIGNMENT FOR SL
33090 60SUP 2000:G0SL'F 2500 FORnULA ASSI6NHENT
33100 GOSU& «0100 CALCULATE SOURCE C05T5
33110 GOSUB 6000 CALCULATE CONVEYANCE COSTS
33120 GOSUB 11000 YARD TAF BENEFITS
33130 60SUS 18000 FOR PR1NTIN6 OUT RESULTS
33140 IF looop=0 THEN RETURN
33150 IF looop=l THEN GOTO 331B0
33160 NEIT SL
33170 REH
33180 NEII PL
53190 RETURN
34000 REH THIS SECTION EIECUTES THE HANDPUHPS i STANDP1PE5 RUN
34020 GOSUB 31000 EIECUTES THE HAND PUHFS SECTION
34030 60SUB 32000 'EXECUTES THE STANDPIPES SECTION
34050 RETURN
35000 REN THIS SECTION EIECUTES THE HANDPUNPS V YARD TAPS RUN
35020 GOSUB 31000 EIECUTES THE HAND PUMFS SECTION
35025 LET ANPCHC=O
35030 GOSUB 3-3000 EXECUTES THE YARD TAPS SECTION
35050 RETURN
36000 REH THIS SECTION EXECUTES THE STANDPIPES I YARD TAPS RUN
36020 GOSUB 32000 EXECUTES THE STANDPIFES SECTION
36025 LET ANPCHC=O
36030 SOSUB 33000 'EXECUTES THE YARD TAPS SECTION
36050 RETURN
37000 REN THIS SECTION EIECUTES THE HANDPUHPS i STANDPIPES * YARD TAPS RUN
37020 GOSUB 31000 'EXECUTES THE HAND PUMPS SECTION
37030 GOSUB J2000 'EXECUTES THE STANDPIPES SECTION
37035 LET ANPCHC=0
57040 GOSUB 33000 EIECUTES THE YARD TAPS SECTION
37060 RETURN
3B000 REH THIS IS THE SUBROUTINE FOR TRADEOFF LINES OF NET BENEFIT RATIOS
38050 REH SUBROUTINE FOR NET BENEFIT RATIO CALCULATIONS
38055 LET DP1IHIZES = "Y1 SET OPTIMIZATION FLA6
58060 FOR pair Ioop -1 TO 3
38065 LET FIRSTIHEJ = 'V
58070 IF pairloop = 1 THEN HPSPFLA6 = t:HP>TFLftB = 0:SPYTFLA6 = 0
3B0B0 IF pairloop = 2 THEN HPYTFLAG = 1:HPSPFLAB = 0:SPYTFLA6 = 0
38C90 IF pairloop = 3 THEN SPYTFLAG = 1:HPSPFLA6 = O:HPY1FLAG = 0
58100 IF looop = 0 THEN 60T0 58150
58110 FOR PL = PLLL TO PLUL STEP PLINC
5BI20 60SUB 52000 SELECT VARIABLE FOR PRIMARY looop
38130 IF looop = 1 THEN GOTO 38150
38140 FOR SL = SLLL TO SLUL STEP SLINC
38145 GOSUB 53000 SELECT THE SECONDARY looop VARIABLE
38150 GOSUE 12000 'THE SUBROUTINE FOR CALCULATING THE TRADEOFF POINTS
3B160 IF looop = (I THEN GOTO 33210
38170 IF looop = 1 'HEN GOTO 3B200
38180 NEIT SL
3B200 NEIT PL
33210 NEXT pairloop
39220 RETURN
39000 REH THIS IS THE SUBROUTINE FOR SWTCHIN6 VALUES OF NET BENEFITS
39005 PRINT:PR1NT
39010 PRINT "DO YOU WISH TO RUN SKITCHING VALUES FOR JUST HANOPUHPS'
39015 PRINT: INPUT 'INPUT I FOR JUST HP OR 2 FOR ALL THREE'iHPSKVAL
39020 IF HPSNVAL >0 AND HPSWftL <3 THEN 50T0 39055 ELSE PRINT "INVALID 1NPUT':GOTO 39000
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390*0 FOP' paMoop =1 fl *
39065 LET FIRSTIHE» = "Y"
11070 IF pjirloop = I THEN [PEHT*-"HP"
39080 IF pairloop = 2 1HEN IDENT»="SP"
59090 IF pairloop = I THEN IDENTIFY!"
39100 IF IODOP = 0 THEN EOTO 39150
59110 FOR PL = FLU TO PIUL STEP PL INC
39120 60SUB 52000 SELECT VARIABLE FOR PRMARY looop
39130 IF looop = 1 THEN GOTO 39150
391*0 FOR SL = 5LLL TO 5LUL STEP SLINC
39145 GOSUB 53000 SELECT THE SECONDARY looop VARIABLE
39150 GOSUB 13000 THE SUBROUTINE FOR CALCULATING THE TRADEOFF POINTS
39160 IF looop = 0 THEN 60T0 39210
39170 IF looop = 1 THEN GOTO 39200
391B0 HEIT SL
39200 NEST PL
!9210 IF HPSNVAL = 1 THEN pairloop = 3
39211 NEIT pairloop
39220 RETURN
•0000 REH THIS IS THE PROMPTING SECTION FOR TYPE OF SOURCE m t u m m
40005 CLS
40010 PRINT:PR1NT
40020 PRINT "YOU HAVE THE FOLLOHING MECHANIZED PUMPING OPTIONS:"
40030 PRINT
40040 PRINT "1 ELECTRIC GRID- 1"
40050 PRINT "2 DIESEL 6ENERAT0R 2"
40060 PRINT "3 SOLAR PHOTO V0TALIC--3"
40070 FRINT "4 -NINO MILL 4"
40075 PRINT:PRINT
400B0 INPUT 'SELECT 1, 2, 3, OR 4: 'jPUMPTYPE
40090 IF (FUMPTYPE > 01 AND (PW1FTYFE '. 51 THEN 6010 40097 ELSE PRINT "INVALID INPUT":GOTO 40080
40097 RETURN
40100 REM VALID INPUT FOR PUMPTYPE i i i H t i M i m m » i i m i i i n i i n i
40110 IF (PUHPTYPE = I) THEN GOSUB 4500 'ELECTRIC SOURCE
40120 IF (PUMPTYPE = 2) THEN GOSUB 5000 DIESEL SOURCE
40130 IF [PUMPTYPE = 3) THEN GOSUB 5500 SOLAR SOURCE
40140 IF (FUflPTYPE = 4) THEN 60EUB 6500 'HIND POKER SOURCE
40160 RETURN
41000 REH THIS IS THE PR0MPT1N6 SECTION FOR TYPE OF RUN i i m m m i
41005 CLS
41010 PRINT :PRINT
41020 PRINT "YOU HAVE THE FOLLOUING RUN OPTIONS:1

41030 PRINT:PR1NI
41035 PRINT "1 - --HANDPUMP ONLY I"
41040 PRINT "2 STANOPIPE ONLY 2'
41045 PRINT "3 YARD TAPS ONLY 3"
41050 PRINT "4 HAMDPUMPS AND STANDPIPES 4"
41055 PRINT "5 —HANDPUBPS AND YARD TAPS 5"
41060 PRINT "6 -STANDPIPES AND YARD TAPS — 6 "
41065 PRIN1 "7 HANDPUKPS AND STANDPIPE5 AND YARD TAPS — 7 "
41066 PRINT "8 0PTINE7.ED NET BENEFITS RATIOS -SPECIAL HUN—B'
41067 FRINT "9 - NET BENEFIT 5UITCHIN8 VALUES -SPECIAL RUN--9"
41069 PRINT:PR1NT
41070 INPUT "SELECT 1, 2, 3, 4, 5, 6, 7, B, OR 9: ";RUNCHOICE
41075 IF (RUNCH01CE > 01 AND (RUNCH01CE < 10) THEN EOTO 41OB0 ELSE FRINT "INVALID INPUT':G0TO 41070
41080 IF (RUNCHOICE = 3) OR RUVCHOICE > 7 THEN RETURN
41081 FRINT:FRINT
410B3 PRINT "DO YOU WISH TO OPTIMIZE HANDPUtlP/STANDPIPE NET BENEFITS^1

41085 PRINT: INPU! "(V/N)";DPTIHIZE«
41090 IF 0PIIHI2E* O 'V AND OPTIMIZE* <> "N" THEN PRINT "INVALID INPUT, PLEASE TRY AGAINVGOTO 410B5
41095 RETURN
41100 REM VALID INPUT FOR RUNCHOICE i M n l i i i u M i u n u m i u n n n i
41105 PR1NT:PR1NT "PROCESSING IN ITIATED':PRINT:PRINT
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I'.l'A' ]F !BUr*.H01CE = !* THEN GOSUB 3500!' HfiNPrunFS AND YARli 1W5
411J5 IF (RUNCHOICE = fcl THEN GOSUB J6O00 STANDPIPES AND YARC ifiPE * *•
4II4O IF IF:UNCHO!CE = 7) THEN GOSUB 37000 HANDPUNPS & STANOPIFES BHt YflRD TUPS
41145 IF IRUNCKOICE = 81 THEN GOSUB 38000 EQUALIZED NET BENEFIT RATIOS
41146 IF IRUNCHOICE = 9! THEN 60SUB 39M0 NET BENEFIT SWITCHING VALUES
41160 RETURN
420V0 REI1 SELECT OUTPUT MODE
42010 REH THERE ARE FOR NOK THREE CHOICES
42015 CLS
47030 PR!NT:PR1NT:PRINT "YOU HAVE THE F3LL0H1N6 OUTPUT CHOICES:"
42040 PRINT:PR1NT
42050 PRINT "I SUMMARY TO PRINTER --- 1"
42060 PRINT '2 SUMMARY TO 123 FILE 2"
42070 PRINT '3 DETAILS TO PRINTER 3"
42080 PR I NT: PR I NT
42090 INFUT "SELECT OUTPUT CHOICE 1, 2, OR 3: ";OUTCHOICE
42100 IF (0UTCH01CE >=]> AND IOUTCHOICE <4> THEN GOTO 42110 ELSE PRINT "INVALID INPUT PLEA5E TRY A6AIN":G0T0 42090
42110 IF (OUTCHOICE = 21 THEN GOTO 42115 ELSE RETURN
42115 INPUT 'FOR 123 OUTPUT PLEASE ENTER DRIVE AND FILENAME - B:RUN1.PRN -';F»
42120 OPEN F$ FOR APPEND AS II It IS THE DRIVE,FILENAME AND F1LETYPE
42130 PRINT:PRINT 'YOU HAY ENTER A COMMENT FOR THE FIRST LINE OF THE 123 FILE"
42150 PRINT: INPUT "PLEASE INPUT YOUR C0HHENV;Cini23$
42160 MRITE 11,011123$
42170 RETURN
45000 REN THIS SUB IS FDR ALLDM1NB CHANGES III BASE CASE VARIABLES AND FLAGS
45010 REM TO ALLON EASIER USE OF THE COMPILED VERSION OF THIS PR06RAM
45020 REH
•5035 PR!NT:PRJNT:PRINT "DO YOU WISH TO SET ANY INDIVIDUAL DEFAULT VARIABLES OR FLAGS?":PRINT
45040 INPUT "(Y/NI";SETVAR$
45050 IF SETVARt <) "Y" AND SETVAR$ <> fN" THEN PRINT CHRSI7):CLS:PRINT:PRINT:PRINT •INVALID INPUT, PLEASE ENTER Y DR N \ IUSE UPPER CASE ONLY)':PRINT:FRINT:GOTO 45035
45060 IP SETVAR* ="N" THEN RETURN
45062 CLS
45065 PRINT "LIST OF VARIABLES AND THEIR SEHIN6S"
4SO70 EOSUB 43000
45072 PRINT "PLEASE ENTER THE VARIABLE NAKE. (UPPER CASE DWLY)":INPUT 1VARIABLE"":SETI
45075 IF SET* = "OTHER" THEN GOSUB 43500 ELSE GO TO 45080
43350 PRINT "PLEASE ENTER THE VARIABLE NAME. (UPPER CASE ONLYI":INPUT "VARIABLE"":SET*
45080 GO TO 45375
43000 REH THIS SECTION IS FOR DISPLAYING SCREENS OF VARIABLES
43090 PRINT
43130 PRINT " POP=";POP;"-VILLAGE POPULATION"
43135 PRINT • F51 ZE=-;FSIIE;--FAMILY SUE"
43140 FR1NT " HD=";HC;" -HOUSING DENSITY"
43145 PRINT " L1FT=";LIFT;" -PUHP1NG LIFT IN)"
43160 PRINT USING " 01510=1111 -DISTANCE TO OLD SOURCE (N)";DISTO
43170 PRINT " VT=";VT;"-VALUE OF TIME II/HRI"
43175 PRINT " NELLC=';«LLCl" -NELL COST ($)"
43180 PRINT " NHP=";NHP;"-NUMBER OF HANDFUNPS"
43185 PRINT " HSP=";MSP;'-NUnBER OF STANDPIPES"
43190 PRINT " CPHP=";CPHP;" -COST FER HANDPUHP HI"
43192 PRINT " CPSP=':CPHP;" -SP • CRA1HA6E COST I$/SP1"
43195 FRINT
43200 PRINT " LPCO=";LPCO;"-LPCD AT NEN SOURCE (LPCD)"
43210 PRINT " LPCOO=";LPCD0i" -LPCD AT OLD SOURCE ILPCD1"
43250 PRINT " I=";I;"-DISCOUNT RA1E (PERCENT)"
43255 PRINT •
43J00 PRINT " OTHER- SELECT THIS FOR LIST OF ADDITIONAL VARIABLES .
43305 PRINT
43J10 PRINT
43370 RETURN
43500 REM THIS SECTION IS FOR OTHER VARIABLES
43505 CLS
43M0 PRINT "THIS 15 A LIST OF apninnNAL VARtApi E^"
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4" ,5" PRINT "• C;PnPlPE="^CFMPlPE;"-DISTRIBUTION PIPE I l / H i CF«LA1 = -;CFMLAT;"-HOUSE LATERAL PIPE ( ! / « ) "
43534 PRINT USING " ILPIPE=I»»« -TOTAL DIST PIFE LENGTH (HI H L A I M H I -LATERAL PIPE LENGTH (H/LAT)-;LP1PE;LLAT
43536 PRINT USING "»DISTHP=IH -DISTANCE TO HANDPUMP (Ml I D I S T S P M I I -DISTANCE TO STANDP1PE IH)";D1STHF;DISTSP
43545 PRINT USIN6 "iQUEHFMI -BUEUE TINE AT HP IMN/1R1P) «BUESP=II -QUEUE USE AT SP (HINCTRIF>";CUEHP;OUESF
43550 PRINT " DELHF=";DELHPj- -DELIVERY OF HP IL ITERS/NN) DELSP=":DELSP;" -DELIVERY OF SF IL /MINU1EP
43555 PRINT USING " C F Y T - I I I -YT COST 1NCL. DRAINA6E ( t / Y T ) I V I = H I - H U E AT YARD TAF IHINUTES!";CPYTjTYT
43560 PRINT " DIESELC=";OIESELC;"-DIESEL FUEL COST U / L I T E R ) ELPONERC="ELPDNERC;"-ELECTRICITY COST U/KNH1"

LIFEnE=";LIFEHE;"-LIFE OF KECH ESU1P IYRI 1NS=";1NS;"-SOLAR INSOLATION (KKH/S2/DAY!1

L I F E N B E = - J L I F E N M E ; - - L 1 F E NON-BECH EQUIP IYRI CPFKAIT=";CPPNATI;"-SOLAR ARRAY COST ( I . 'KP)"
1 OHr.E="iOWIEi"-OM HECH EQUIP n CAP COST! W=-;V;--AVERAGE KIND SPEED (N /SECr

0HNHE="i0KNI1Ei"-0ll1 NON-HECH EBU1P ( I CAP) «ATTS="jWATTS;"-POMER INPUT TO HF iKAITS)"
' HRPUnP='jHRPUHFj" - HOURS OF PUKPIN6 TIME »SOLARPVC=";SOLARPVCj"-COST OF PV ARRAYS ( « ) '

DSLEFF=";DSLEFF;' -DIESEL EFFICEINCY U ) AHPN=":AHPKj'ATTENDANT HOURS PER WEEK"
' CAPSUB='jCAPSUB|"-CAPITAL SUBSIDY(O^FULL.,1=NO) E>RA1IO=";EIRAT1O;"-NET BEN RATIO (OPTION 9>"
1 OTPCP-="jOTPCBj" -OTHER PER CAPITA BENEFITS (J/CAP/YEAR)"

ID NORHALLY CALCULATED BUT CAN BE SET"

43565 PRINT
43570 PRINT
43580 PRINT
43585 PRINT
43595 PRINT
43610 PRINT
43620 PRINT
43630 PRINT
43640 PRINT
43645 PRINT
43650 PRINT
43660 RETURN
45375 RES THIS SECTION 15 FOR SELECTINB AND SETTING THE CHOSEN VARIABLES
45376 REIt
45380 IF SET»="POP" THEN INPUT "PLEASE ENTER IHE NEN VALUE FDR POP'";P0P:POFFLA6 = I:BOTD 45020
45390 IF SET»='VT" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR VT PRINT";VT:VTFLA6 = 1:6010 45020
45400 IF SETI='HO" THEN INPUT "PLEASE ENTER THE NEK VALUE FOR HD^"jHD:HDFLR6 = 1:6010 45020
45402 IF SET*="FSUE" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR FBI2E";FSHE:FSIIEFLBG = 1:6010 45020
45420 IF SET*=*IIFT THEN INPUT "PLEASE ENTER THE NEB VALUE FOR LIF1?";11FT:LIF1FL«G = 1:6010 45020
45430 IF SE1I="1" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR P";I:IFLA6 = 1:6010 45020
45440 IF SEI»="LPCD" THEN INPU1 "PLEASE ENTER IHE NEK VALUE FOR LPCD";LPCD:LET LPCDFLAG = 1:6010 45010
45442 IF SEU="0IPCB" THEN INPUT "PLEASE ENIER THE NEN VALUE FOR 01PC8";0TPCB:0TPCBFLA6 = 1:6010 45010
45450 IF SET*=-LIFEHE" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR LIFEKE"jLlFEHE:UFEHEFLA6 -" 1:GOTO 45020
45452 IF SE1I="LIFENHE" 1HEN INPUT 'PLEASE ENTER IHE NEN VALUE FOR L1FENKE%;LIFENHE:L1FENI<EFIA6 = 1:6010 45020
45470 IF SEU="HRPU«P" 1HEN INPUT "FLEASE ENTER THE NEN VALUE FOR HRFUHP";HRPUHP:HRPUHPFLA6 = 1:6010 45020
45490 IF SEI»="V IHEN INPU1 'PLEASE ENIER THE NEN VALUE FOR V';V:VFLA6 = 1:6010 45020
45500 IF SE!t='OUEHP' IHEN INPU1 "FLEASE ENTER THE NEN VALUE FOR BUEHP';BUEHF:6UEFLA6 = 1:6010 45030
45505 IF SETt="gUESP" IHEN INPU1 "PLEASE ENIER IHE NEN VALUE FOR BUESP";BUESP-.BUEFLA6 = 1:60T0 4502"
45510 IF SE1$="ELPONERC" IHEN INPUT "PLEASE ENTER THE NEN VALUE FOR ELPONERC";Et.PONERC;ELPONERCFLAG = 1:6010 45020
45530 IF SET*="DIESELC* IHEN INPUT "PLEASE ENTER THE NEN VALUE FOR D1ESELC";DIESELC:DIESELCFLOG = 1:6010 45020
45532 IF SET«="DEIHP" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR OELHP";DELHP:DEIFLA6= 1:6010 45020
45533 IF SET»="DELSP" THEN INPUT 'PLEASE ENTER THE NEN VALUE FOR DELSP";DELSP:DELFLAG= 1:6010 45020
45534 IF SET»--"0W1E' IHEN 1NPU1 "PLEASE ENIER THE NEN VALUE FOR 0rniE";0HSE:0HHEFLA6 = 1:6010 45020
45540 IF SETt="CPHP" THEN 1NFUT "PLEASf ENTER THE NEN VALUE FOR CFHP";CPHP:CPHPFLAG = 1:6010 45020
45542 IF SETM'CPSP" IHEN INPUT "PLEASE ENTER THE NEN VALUE FOR CPSf;CPSP:CPSPFlAG = 1:6070 45020
45544 IF SET$='CPYT THEN INPUT "PLEASE ENTER THE NEN VALUE FOR CPYT";CPYT:CPYTFLAG = 1:GOTO 45020
45546 IF 3ET»='INS" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR INS";INS:INSFLA6 = 1:GOTO 45020
45550 IF SET$="OmfflE' THEN INPUT "PLEASE ENTER THE KEN VALUE FOR OKNnE•;OHNHE:0MNNEF1.A6 = l:60T0 45020
45560 IF SETI='DISTO" THEN INPUT 'PLEASE ENTER THE NEN VALUE FDR 01STO";D1ST0:DI5T0FLA6 = 1:6010 45020
45570 IF SETI="NATTS" THEN INPUT "PLEASE ENTER THE NEK VALUE FOR KAT1S";KA1TS:LE1 NA1ISFLA6 = 1:6010 45020
45580 IF SEU="DISTHP" THEN INPUT "PLEASE ENTER THE NEN VALUE FOR DISTHP"jOISTHP:LET DISTFLA6 M:G0T0 45020
45582 IF SET$='01STSP" THEN INPUT 'PLEASE ENTER THE NEK VALUE FOR DISTSP";D!STSP:LET DISTFLA6 =1:6010 45020
45592 IF SET»="NHF" IHEN INPU1 'PLEASE ENIER IHE NEK VALUE FOR NHP";NHPSE1:LE1 NHPSETFLA6 = 1:LET NHP=NHP5ET:60TO 45020
45594 IF SE1$="NSP" IHEN INPUT "FLEASE ENIER IHE NEN VALUE FOR NSP";NSPSEI:LE1 NSPSE1FLA6 = 1:LE1 NSP^NSPSET:60TO 45C20
45595 IF SET$="EIRATIO" THEN INPUT "PLEASE ENTER IHE NEN VALUE FOR EXRAT10";EXRATID:EIRATI0FLA6 = 1:6010 45020
45600 IF SETI="CAPSUB" THEN INPUT "PLEASE ENTER THE NEK VALUE FDR CAPSUB";CAPSUB:CAPSUBFLAG = 1:6010 45020
45682 IF SET$='BCSTORAGE" THEN INPUT "PLEASE INPUT THE NEN VALUE FOR BCST0RA6E";BCST0RA6E:BCST0RA6EFLA6 = 1:6010 45020
456B4 IF SET»="CPPNATI" IHEN INPUT "PLEASE INPUT IHE NEN VALUE FOR CPPNATT;CPPKATT:CPPNATTFLA6 = I:60T0 45020
45685 IF SET»="NNILLC THEN INPUT "PLEASE INPUT THE NEK VALUE FOR Hn]LLC":HHILLC:Ht1ILLCFLA6 = 1:60 TO 45020
456B6 IF SET$="CPnLAT" THEN INPUT "PLEASE INPUT THE NEK VALUE FOR CP.MLAr;CPHLAl:CPHLATFLA6 = I:G010 45020
45688 IF 5ETJ="CPI1PIPE" IHEN INPU1 "PLEASE INPUT THE NEN VALUE FOR CP«PIPE";CPHP1PE:CPMPIPEFLA6 = 1:6010 45020
45690 IF SET»='STORLIFT" IHEN INPUT "PLEASE INPUT IHE NEK VALUE FOR FRICTION LOSS • STORAGE LIFT";STORLIFT:STORLIFTFLAG=1:60TO 45020
45691 IF SETI="ST0RA6E' THEN INPUT "PLEASE INPUT THE NEK VALUE FDR ST0RA6E (ST0RA6E V0LUHE/B)';ST0RA6E:ST0RA6EFLA6M:60T0 45020
45692 IF SET«='DSLEFF' THEN INPUT 'PLEASE INPUT THE NEK VALUE FOR DSLEFF (DIESEL EFFIO';DSLEFF:DSLEFFFLAG=l:G0T0 45020
45693 IF SEIM'AHPK" THEN INPUT "PLEASE INPUT THE NEK VALUE FOR AHPN (ATTENDANT HOURS FER MEEK)";AHPW:AHPMFLA5-1:G010 45020
45694 IF SET*="TYT' THFN INPUT "PLEASE INPUT THE NEK VAIUE FOR TYT (TIKE AT YARD TAPj";TYT:TYTFLA6=l:GOT0 45020
• SA<»f IF 3FT« = "LFCC!1' MEN INF ill "".EASE INPSH T̂ E UEU ','6LUE COR LFCDO (OLD SOURCE LFCD)": LPCDO: LPCDDFLflG=1: GOTO 45020



«5b?E IF SE11*"SOLBRPVf«fc THEN 1NFUT "FLEflSt IHFUT THE NEW VALUE FOR FRICTION LOSS • STORAGE. LIFT"}SOLftRFVC:SDLAf*FVCFLOB=1:GOTO *50T0
4 W ? IF 5 E T » - " L P I F E ' THEN IKPUT 'FLEflSiE INPUT THE NEK VALUE FOR FRICTION L055 * STORA6E LIFT";LP1FE:LFIFEFLfiB=!:GOTO 4 5 0 2 * ' ' *
45700 IF 5ET»="ST0RC" THEN INPUT "PLEASE INPUT THE NE» VALUE FOR FHCT10N LOSS < ST0RA6E LIFT";STORC:STOPCFLBB^l:SOTO 45020
45?0 l IF 3ET I= "LL f tT " THEN INPUT 'PLEASE INPUT THE NEU VALUE FOR FRICTION LOSS • STORAGE LIFT";LLfiT:LLftTFLflD=1:GOTO 45020
45710 REH
457:'.' CLS:FRIHT:FR]NT:FRINT "UNARE TO FIND VDUR VARIfitLE, PLEftEE TRY AGAIN.1

45750 PRINT CHF>II7):GOTO 45035
50170 REM
50200 F.EM THIS SUBROUTINE IE FOR CHOOSING THE THE TYPE OF LD0FIN6
5o:fj; F.EH EELECI NC LOOPINB, PRIMARY LOOPING, OR SECONDARY LOOPING
50205 PRIIITsFRlMT
50207 CIS
5O2OB PR1NT:PRINT
50210 PRINT "SELECT THE TYPE OF LOOPING YOU DISH"
50215 PR1NT:PRINT
50250 PRINT "0 NO LOOPING"
50240 PRINT "1 - —SINGLE LOOPING"
50240 PRINT "2 DOUBLE L00P1N6'
50242 PRINTiPRIKT
50270 INPUT "SELECT 0, 1, OR 2: M o o o p
50275 IF looop--0 THEN RETURN
50280 IF (looop)OI AMD (looop (3) THEN GOTO 50500 ELSE PRINT "INVALID INPUT PLEASE TRY AGA1N':GOTO 50270
50500 REM "SPECIFY THE FRIHARY LOOPING VARIABLE"
50510 CLS
50515 PRINT "THIS IS A LIST OF THE VARIABLES FOR L00FI1I6 AND THEIR CURRENT VALUES"
50514 GOSUB 43000 DISPLAY FIRST SCREEN OF VARIAfLES
50630 PRINT
50650 INPUT "SELECT ONE OF THE ABOVE VARIABLES FOR PRIMARY LOOP: ":PLVARI
50452 IF PlVftRI='OTHEfi" THEN GOSUB 43500 ELSE 60 TO 50640
50654 INPUT "SELECT ONE OF THE ABOVE VARIABLES FOR PRIMARY LOOP: "iFLVGRI
50640 INPUT 'SELECT LONER LIMIT: ";PLLL
50670 INPUI "SELECT UFPER LIMIT: "iPLUL
50680 INPUT "SELECT INCREMENT: ';PLINC
50690 IF looop=l THEN RETURN
51500 REN "SPECIFY THE SECONDARY LOOPING VARIABLE"
51510 CLS
51515 PRINT "THIS IS A LIST OF THE VARIABLES FOR LOOPING AND THEIR CURRENT VALUES"
51520 60SUB 43000 ' DISPLAY THE FIRST SCREEN OF VARIABLES
51530 PRINT
51558 INPUT "SELECT ONE OF THE ABOVE VARIABLES FOR SECONDARY LOOF: ";SLVARI
51652 IF SLVARI = FLVARI THEN PRINT "SECONDARY LOOP MUST BE DIFFERENT THAN PRIMARY LOOP PLEASE TRY AGAIN': GOTO 51556
51154 IF SLVARI="DTHER" THEN GOSUB 43500 ELSE GO TO 51660
51156 INPUT "SELECT ONE OF THE ABOVE VARIABLES FOR SECONDARY LOOF; -;SLVAR$
51660 INPUT "SELECT LONER LIMIT: \SLLL
51670 INPUT "SELECT UPPER LIMIT: ';SLUL
51690 INPUT "SELECT INCREMENT: ":SLINC
51690 RETURN
52C00 IF PLVARI = "POP" THEN POP = PL:P0PFLA6 = 1:RETURN
52010 IF PLVARJ = "VT" THEN VT = FL:VTFLBG = hRETURN
52020 IF FLVARI = "HD" THEN HD = PL:HDFLAG = I:RETURN
52022 IF PLVAR* = "FSIIE" THEN FSIIE = PL: FSUEFLAG = 1:RETURN
52040 IF PLVARJ = "LIFT THEN LIFT = PL:LIFTFLA6 = 1:RETURN
52050 IF PLVARI = "1" THEN I = PI:LET I •= 1/100:IFLAG=1:RETURN
52060 IF PLVARJ = "LPCO" THEN LPCO = PL:LET LPCDFLA6 = 1:RETURN
52062 IF PLVARI = "OTPCB" THEN OTPCB = FLiOTFCBFLAG = 1:RETURN
52070 IF FLVARJ = "L1FEME" THEN LIFEME = PL:LIFEMEFLA6 = 1:RETURN
52072 IF FLVARI = "LIFENME" THEN L1FENME = FL:LIFENMEFLA6 = 1:RETURN
52090 IF PLVARI = "HRPUMF" THEN HRFUBF = PL:HRFU«FFLAG = 1:RETURN
52110 IF FLVARI = "V THEN V = PL:VFLAG "- hRETURN
52120 IF PLVARI = "QUEHP" THEN 8UEHP = PL:LET 0UEFLA6 = hRETURN
52130 IF PLVARI = "ELPOHERC" THEN ELFOKERt = PL:ELF0HEfiCFLft6 = I-.RETURN
52140 IF FLVARI = "OUESP" THEN BUESF ' PL:IET PUEFLAG =I:RETURN
52150 IF PLVARI = "DIESELC" THEN DIESEIC = PL:DIESELCFLfiB = URETURN
52U0 IF PLVARI = "D1STHF" THEN DJSTHP = n:LET DISTFLA6 = 1:RETURN



52155 IF PLV&R! = " i i , , , - iMtH U , . = , L : L . r . H - 1 : . U .
5215? IF PLvSU,- - ' W i * THEN CFSP -- FI:CPSFTIA6 = WRETURN
5215"? IF FLVARJ = -CPY1- THEN CPV1 = PL-.CPYTFLA6 = 1:R["JRM
52170 IF PL'JARJ = "CANHE" THEN OtlNNE = P L : L M OfiNNE = 0nNt1E/IO0:OMMEFLA6 = hRETURN
52172 IF PLVARJ = 'OffflE" THEN OWE -- PI :LET ONHE = DHME/l00:0HHEFLfl6 -" hRETURN
52180 IF PLVfiFJ = -D13T01 THEN DIS10 = FL-.DISTOFLOE = I'.RETURN
S31B2 IF FLVARJ = -WATTS" THEN HATIS = PL:LET HftTTSFLflG = 1:RE TURN
53367 IF PLVARJ = "NHF" THEN NHPSET = FL:LET NHPSETFLA6 = hRETUSN
521BB IF PLVftF* = "N5F" IHEN N5P5ET = PL:LET NSF3ETFLA6 = hFiET'JRN
52165 IF PLVfiRJ = -CftPEUP' THEN LET CAPSUB = PLiCAPSUBFLAG = hRETURN
"52190 IF "LVBR* = "EXRftTIO" THEN EIRAT1Q = r i :EJRATI0FLA6 = 1:RETURN
52195 IF PLVARJ = "CPItLAT' THEN CFNLAT = FLCFNIATFLAS = hRETURN
52201' IF FLVARJ = 'CPHFl fE ' THEN CPNFIPE = PL:CP«FIPEFLR6= hRETURN
57210 IF FLVARt = mBC3T0RAGf THEN BC5TDRAGE = PLiBCSlORftGEFLftB "- hSETURH
52220 IF PLVARJ = TPPHaTT THEN CPPMftTT = Pl:CPFHATTFLAB = hRETURN
52230 IF PLVflRt = 'Uh lLLC ' THEN WIILLC = PL: HHILLCFLAS = hRETURN
52235 IF PLVARJ = " INS" THEN INS = PL: INSF1.AG = 1: RETURN
5 2 2 « IF PLVRRt = "STORLIFT1 THEN 5T0RL1FT = PL: ST0RL1FTFLAG = hRETURN
52241 IF PLVARJ = 'STORAGE' THEN ST0RA6E = PL: ST0RABEFLB6 = hRETURN
52242 IF PLVARJ = "D5LEFF" THEN DSLF.FF = PL: DSLEFFFLA6 = hRETURN
52243 IF PLVARJ = "f iHPtf THEN AIIPH = PL: AHPKFLAB = 1: RE TURN
52244 IF PLVARJ = "TYT" THEN TYT = PL; TYTFLA6 = hRETURN
52245 IF F1V6RJ = "LFtOO* THEN LPCDO = PL: LPCDOFLAG = hRETURN
52246 IF PLVARJ = "KELLC THEN KELLC = PL: HELLCFLAG = I-.RETURN
52247 IF PLVARJ = 'PUHPC THEN PUHPC = PL: PUHPCFLAG - hRETURN
5224B IF PLVARJ = "5T0RC THEN STDRC = PL: STOPCFLAB = hRETURN
52249 IF PLVARJ = "5OLARPVC" THEN SOLARPVC = PL: SOLARTVCFLUG = lrRETURM
52250 IF PLVARJ = "LPIPE1 THEN LPIFE = PL: LPIPEFLAB = hRETURN
52251 IF PLVARJ = "LLAT" THEN LLAT = PL: UATFLA6 = hRETURN
52252 PRINT 'MATCHING VARIABLE FOR PRIMARY LOOP NOT FOUNC':GOTO 411
52300 KE11KM
53000 IF 5LVARJ = TOP" THEN POP = SL:POPFLAT = hRETURN
53010 IF SLVARJ = - V T ' THEN VT = SLlVTFLAG - hRETURN
51010 IF SLVARJ = 'HO1 THEN HD = SL:HDFLAG = hRETURN
53022 IF SLVARJ = "FSIZE1 THEN FSI7.E = SL:FSUEFLAG = hRETURN
53040 IF SLVARJ = ' L I F T THEN LIFT = SL:LIFTFLA6 = hRETURN
53050 IF SLVARJ = " I 1 THEN I = SL:LET I = 1/100:IFLA6=1:RETURN
51060 IF 3LVARJ = "LPCI)' THEN LPCD = SL:LET LPCDFLAB = hRETURN
53042 IF SLVARJ = •OTPCB" THEN OTPCB = SL:OTPCBFLAG = hRETURN
53070 IF 5LVARJ = "LIFEHE" THEN L1FEME = 3L:LIFE«EFLAB = hRETURN
57-077 IF SLVARJ = 'LIFEM1E" THEN LIFENME = SLdlFENMEFLAG - hRETURN
CJ1C?!> IF SLVARJ = -HRPUBP' THEN HRPUHP = SL:HRFUtiPFLftG = hRETURN
53110 IF SLVARJ = "V" THEN V = SL:VFLAG = hRETURN
5312': IF SLVffflJ "- -eUEMP" THEN 8UEHP = Sl iLET SUEFLA6 -- l-.RETUM
53130 IF SLVARJ = 'ELFOHERC THEN ELPOKERC = SL:ELPO»ERCFLAG = hRETURN
53140 IF SLVARJ = "OUESP" THEN SUESP = SL:LET OUEFLAG -1:RETJRH
53150 IF SLVARJ = "DIESELC THEN D1ESELC = SL:OIESELCFLAG = 1:FETURN
53155 IF SLVARJ = "CPHF" THEN CPHP = SL:CPHPFLAG = hRETURN
53157 IF SLVARJ = TJPSP- THEN CFSP = SL-.CFSPFLA6 = hRETURN
5315? IF SLVARJ = " C P Y f THEN CPYT = SUCPYTFLAG = hRETURN
53140 IF SLVARJ = 'DISTHF" THEN DISTHP = SL:LET OISTFLAB = hRETURN
53145 IF SLVARJ = •DISTSP" THEN BISTSP = SL:LET DtSTFLAB = hRETURN
5317C IF SLVARJ = "0I1NHE" THEN OMNNE = SL:1.ET OMNHE = OHNfiE/100:OPIMMEFLflG = hRETURN
53172 IF SLVARJ = "0IWE* THEN OHME = SL-.LET ONHE = OlfflE/100:O«nEFLBG = hRETURN
53180 IF SLVARJ = 'OISTO' THEN DISTO = SL:0IST0FLA6 = I:RETURN
531B2 IF SLVARJ = "MftTTS' THEN BAITS = SL:LET KATTSFLA6 = hPETURN
531B7 IF SLVARJ = "NHP" THEN NHPSET = SL:LET HHFSE1FLA6 = hRETURH
53188 IF SLVARJ = "MSP* THEN NSPSET = SL:LET NSPSETFLAB - hRETURN .
5318? IF SLVARJ = "CAPSUB" THEN LET CAPSUB = SL:CAPSU6FLAG = hRETURN
53190 IF SLVARJ = "EHRATIO" THEN EIRATIO = SL:EIRATIOFLAB = hRETURN
53115 I f SL'JURI = 'CPHLAT' THEN CPNLAT = SL:CPMLATFLAB = hRETURN
53200 IF SLVARJ = 'CFHPIPE1 THEN CPHP1PE = 5L:CPM>IPEFLA6= l-.RETURN
53210 IF SLVARJ = 'BCSTORAGE1 THEN BC5T0RAGE = SL:BCST0RAGEFLA6 = hRETURN
' . " 2 0 IF SLVARJ = -CPPHflTT- THEN CFPWTT = SLiCPPHATTFLAB = hRFTURN
' . ' - " .n ' r Qi-J6n - " U i l ! : r " THFIi t c r i i r .- s i : HHR'.C'LAP = l:KETI!Wi


