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This document is the result of a long term effort of staff worklng on the
Worid ank/UNDP Communlity Water Supply Project (previously the Handpumps
Project) as part of the International Drinking Water Supply and Sanltation
Decade. It supplements the recent report "Community Water Supply: The
Handpump Optlion” which presented the concluslons of the first flve years of
the Project's work and World Bank Discussion Paper No 18 "Rural Water Supply
and Sanlitation: Time for a Change". During the first phase of the Project, It
was recognized that the analytical framework for selectlon of water supply
service levels and cost estimation for low cost systems was lacking. One of
the many actlvities of the Project was the collection of Information on the
cost of community water supply projects. The development of thls 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 codifled in a computer model that altows
flexible and quick evaluation of the cost of various levels of service and
technologles.

The other component of the analytlical framework that the project found
lacking was an adequate means of estimating the beneflits of improved water
supplies. After lengthy debate and consultatlons, 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 vailue a person places on a
water supply, these may aiso be incorporated in the analytical framework
presented here.

The computer mode! described In this report Is intended to assist
planners and those involved In implementation of small community water supply
programs. [t Is not Intended to replace feasiblility studles or detailed
project planning, but merely asslist 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, informatlon, 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

s
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INTRODUCT [ON

A Planning Tool for Low-Cost Community Water
Supply Systeas

This note presents a dellberately simplifled
analytica! tool, based on cost/benefit
analysls, that can be used to evaluate proposed
community water supply (CWS) projects. A
computer model has been developed so that
alternative systems can be assessed quickly.
The way In which the mode!l can be used in
project planning will be described through
exampies and discussion. The examples are
based on field conditions, Ilkely to be the
encountered In developling countrles, and where
possible broad rules of thumb are developed for
making decisions on CWS 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 reciplents will be
requested to send us the data assumptions and
results of their applications for use in
refining the model.

The mode! can be used to compare the costs,
beneflts, and service levels of alternative CWS
systems and perfore sensitivity analysls 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 mode! should be considered as a
simpliflied working tool, to be used with
cautlous Jjudgement when applied to a specific
community water supply program. The model is
in no way intended to replace communlty
choice, for the community must be responsible
for its water supply system and so must make
the flnal decision on what type of system It
wants, can afford, and can maintain. The
technoiogy 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
flve years of work on the assessment of
avallable technology and management options for
the wide-scale Implementation of community
water supply systems, which have been

summar |zed in the report "Community Water
Supply: The Handpump Optlon” central to both
the assumptions in the model, and one of the
key themes of thls report, is the concept of
Village Level Operation and Management of
Malntenance (VLOM), as the least cost solution
for sustainable water supply systems
regardless of technology cholce. The VLOM
approach has been tested and verifled for
handpump based systems, but we are currently
lackIng adequate field data on costs and
maintenance requirements of the other
technologles, 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 wil|
be forthcoming.

Costs: The mode! evaluates and compares the
costs of alternative pumping technologies and
types of water supply systems. Pumping
technologles 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 populatlion and housing
density, and economic parameters such as
discount rate and useful |Ife of equipment can
be varied to fit site specific conditions.

Benefits: The model estimates the beneflts
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 estlimated
benefits for them to the time savings benefits
calculated by the model. Thls 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 Beneflts: By subtracting the total cost
from the total benefit of a water supply
optlion, the resulting net benefit provides a
means of comparing different technically viable
optlons. This comparlison can either be between
different types of systems (l.e. handpumps,
standplpes, and yard taps) or within systems
(for examplie one, two, or three handpumps or
standpipes 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 qual ity of the water, the
amount of time needed to collect water, and the
rellability of the systenm.

Quantity: Daily water consumption has besn
reported to range from 3 to 300 lcpd (liters
per caplta per day). The high end of this range
is associated with house connections for
relatively affiuent communities where
households have multiple water fixtures and
gardens are watered. The low end of the range,
which approaches the minimum necessary to
sustain |lfe, may occur where water has to be
carried for long distances. For polnt sources
(open wells, handpumps and standpipes),
househo|d usage In many parts of rural Africa
and Asla |s commonly 15 to 25 Ipcd, when water
is used only for household purposes. If
families also need water for a few head of
I lvestock, 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
betwsen 60 and 100 lcd, sven |{f only used for
household purposes provided the supply system
functions regularly which Is often not the
case.

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

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

Collectlon 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 systenms.
Point source systems necessitate that water be
carried home and so limit the amount that can
be used. Yard taps, on the other hand convey
water by plpeline to the point of use. The
service leve! offered by point source systems
depends on the number of handpumps or
standpipes in the community and the water
dellvery rate.

Rellability: Rellability Is very
important and often overlooked when
considering service levels. It requires a
realistic assessment of the Iikellhood 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 disrepalr not long after
belng constructed. In such Instances the
investment |s 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 realizatlon of health
benefits is also highly dependent on the
refiability of the improved water supply
system, since even periodic usage of
traditional sources, which are often polluted,
can retard the improvement [n health.
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C. Resource Constralnts

Cholice betwesen technology options Is Iimited
by physical (water and energy), organizational
and flnanclal constraints. Each of thess
factors should be considered by planners and
the community to be served before a particular
water supply system is selected.

Water: Surface water sources (rivers,
fakes, etc.) need to be Identified and compared
with groundwater In terms of avallabllity,
water quality and cost. (Note: The current
version of computerized analytical model is
limited to ground water based systems due to
its generally universal applicabillity, howsver
the methodology is applicable to any water
source and others will be Incorporated as time
and resources permit.

Protected surface water sources (springs and
upland streams) can provide very rellable
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 avallable. However, sven
temporary failure of the treatment system can
result in serious outbreak of water-borne
diseass.

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
demand and with prolonged droughts.

-t allows the community to manage and
maintain the system more effectively

because the entire system is located In or
near the coammunity.

The depth of the groundwater table and Its
extractlon capacity should aiso be assessed
since it will determine the type of pump that
is used. Handpumps provide a good quantities
of water for pumping 11fts up to about 25
meters but only marginal quantitles for |ifts

In the 40 to 50 meter range. Above this
motorized pumps should be used If they can be
maintalned. A more detalled discussion of
handpumps Is given In "Community Water Supply:
The Handpump Option® by S. Arlosoroff, et al.
1987.

Potential wel!| yields can also affect the
cholce of pumping technology. This Is
particulariy true In the basement rocks of
Africa and India where it can be difflicult to
site wells sven 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

motor ized pumping can increase markedly
because wells may have to be deeper and the
number 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
mode| include manual, electric, dlesel, solar,
and wind. (Note: Animal power may be
Incorporated In a future version.) Manual
pumps have the advantage that their operation
Is not susceptible to supply interruptions.
However, manual pumping is limited by the
amount of power (rate of energy expenditure)
that a person can apply to a pump. This
llmits both the depth from which water can be
pumped and the amount of water a person can
draw each day.

Electric pumps are a proven technology that
can rellably 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 |ikely to be
the technology of choicse.

Diese! pumps are more probiematic because of
the difficulty of malntaining fuel on hand,
when It can be diverted to other buyers or
dellvery trucks elther breakdown or are
prevented from reaching thelr dellvery points
because of bad road conditlons.

Solar and wind pumps have one potential
advantage over diese! in that they are not
dependent on external fuel supplies. Solar
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energy Is partlicuiarly suited to many low
income countrlies because of their proximity to
the equator and the high and consistent solar
radlation they recelve throughout the year;
while wind pumps will contlnue to have |Imited
application because winds of sufficient speed
and rellabliity to make them economical are
available in limited locations.

Planners must take account of the fact that
as the pumping technology becomes more complex,
small communitles become more dependent on
external resources outside thelr contro!. 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, suppllies, and Institutional structures
were not available to kesp them functioning.
For all schemes an organization such as a water
committee Is needed to manage collectlon of
charges from 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 rellable power
supply, a greater varlety of spare parts and
tools, and more advanced mechanlical skills.

VLOM - for Village Level Operatlon and
Management of Maintenance was colned to
highlight the need for strong community
involvement In the malntenance of water supply
systems. This leads to a number of speciflc
deslign targets related to routinely
replaceable components; they should be:

-readily avallable locally and preferably
made In country;

-gasltly transported by a person on foot,
on a blcycle, or on a bus;

-replaceable by a local artlsan or
technician, using only a few simple hand
tools without need of |Ifting equipment;

-easily affordable to the community.

Self rellance at the community level s the
only workable alternative in the long run.
Dependence on centrally administered "moblie”
maintenance teams has proven untenable both
administratively and financlally.

While the term VLOM was originaliy applied to
handpumps, the same principles apply to other
technologies. Handpumps meet VLOM criterla
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 rellable
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 viilage 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. [n the
recent years progress has been recorded in
their costs and rellabllity. 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 fleld
performance becomes better documented and It
is shown that village repairers and/or area
mechanics can troubleshoot the systems and
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repair them, solar pumping will find more
widespread application. For diesel pump
systems, there are numerous examples where
gasoline and dlesel engines are being repalred
by local techniclans. The typical problems
with dliesel systems in the avallabl!ity of
spare parts and fuel.

Finance: By the year 2000, some 1,500
milllon people will still need new or improved
service |f substantial rural water supply
coverage Is to be achleved. Globally, it has
been estimated that approximately US$1,500
miltlon s spent each year on the construction
or rehabllitation of RWS projects.

Today capital costs of RWS projects range
from US$10-40 per caplita for groundwater
schemes based on handpumps, $25-60 per capita
for standplipe suppiies, and $60-120 per capita
for yard taps. To meet the global needs
financlally, it Is clear that elther 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
expendltures on RNS and maintaln them
indefinitely.

The cost Implications of developing a viable
program of community invoivement must not be
over looked. 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. Experlence has shown that where
community involvement programs have not been
successful in raising tha communities
understanding, the negative costs in terms of
falled systems (wasted investments) can be very
high.

1. COSTS
A.Qverview
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.
Whils O&M costs recur every year. A correct
compar ison of different options must take into
account both caplital and O&M costs over the
expucted physical life of the equipment. This
is done by discounting, or taking into
considsration the time value of money
(discount rate). The dlscount rate can be
used to either calculate present values of a
cash flow or amortize a single amount into an
annual lzed equai fiow over a period of time.
In the analysis presented here the capital
cost is converted Into its annual equivalent
taking Into account the expected |ife of the
components. To this annual equivalent of the
capital cost is added the undiscounted annual
08M cost to glve the total “annuallzed" cost.
It was felt that thls annualized cost would be
easler to communicate to the declsion makers
in a small community, and is equivalent to
using present values when comparing systeas
over a similar time 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
terms of annualized capital plus O&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 annuallzed
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 |ikely 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
mode| at the early planning stages so that
efforts can be concentrated on viable
technologies.

B. Cost Comparison of Puaping Technologles

When comparIng the costs of different
pump ing technologles, 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 vlilage Is presented In Tabie 1. In
doing these cost comparisons, water use is
fixed at 20 lcd, the collection time Is heid
constant at 3.7 hrs/a3 (4.5 min/trip) for
handpumps and 3.0 hrs/m® (3.5 min/trip) for
standpipes. In so doing the service level Is
held approximately constant, and as wili be
shown l|ater, these collectlon times correspond
to optimum handpump and standpipe systems when
both capital plus 0&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
handpump) and 3 standplpes (167 persons per
standpipe). To keep the collection time
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 caplta
water consumptlon.

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

Table 1

DEFAULT VALUES FOR COMPONENTS OF
PROTOTYPE WATER SUPPLY SYSTEM

Demographlic Characteristics

Total population

Famlly size (persons/househoid)
Number of households

Housing density (households/hectare)
Persons per hectare

Economic Conditions

Discount rate (X)

Useful life mech. equip.

Useful |ife non-mech. equip.

Annual O8M/mech. eq. (X cap cost)
Annual O0&M/non-mech. eq. (X cap cost)
Electric Power Cost ($/KWHR)

Dlesel fuel Cost ($/!liter)

Solar Insulation (KWHR/M2/Day)
Average Wind Speed (meters/second)

Water Supply System HP‘s SP
Dlstance to old source (m) 500 5
Distance to new source (m) 50
Volume carried per trip (1) 20
Walking speed (km/hr) 3
Collection time

Travel time (min/trip) 1.0 1
Queue time (min/trip) 1.5 0
Fill time (min/trip) 1.3 1
Water use (|iters/cap/day) 20
Number of wells 4
Number of water points 4
Cost per well 2000 20
Pumping & storage |ift (m) 20

Storage volume (V/Q) -
Water delivery rate (i/min) 15

*Collection time for yard taps is set at 1

hour per cublc meter of water.

‘s

00
45
20

00
30

1
15

500
62

25
200

2000
30

10
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Table 2

THE COST OF WATER SUPPLY SYSTEMS
PROTOTYPE COMMUNITY
CAPITAL COST (%)

Systen

Component Manual Electric Dlesel Solar Wind
Wells 8000 2000 2000 2000 2000
Pump 2600 1700 4700 6300 6200
Storage - 3400 3400 3400 3400
Piping - 3100 3100 3100 3100
Total 10600 10200 13200 14800 14700

ANNUAL IZED PER CAPITA COST ($/capita/year)
PROTOTYPE COMMUNITY

Manual Electric Olese! Solar Wind
Caplital 2.75 2.65 3.60 3.70 3.70
0&M 0.80 0.75 1.90 0.80 0.75
Elec/Ds! 0.20 40 - -
Total 3.55 3.60 5.90 4.50 4.45
Popuiation: The curves in Figure 1 show the

cost of water ($/capita/year) for manual,
electric, dlesel, solar, and wind point sourcs
systems as a functlion of community population.
Because handpumps have a |imlted capaclty
(m3/day), additional wells must be added to
keep the service level constant (in this case
at 125 persons per handpump), S0 on a per
capita basls the cost of manual pumping does
not vary with population. Other types of pumps
are not |Imlted by the asount of power a person
can apply and so requlre only a single well and
exhiblt varying economies of scalie. Dlesel
pumps have the greatest economles 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

10

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

Flgure 1
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Water Use: As per caplta water use
increases, queue time at the source will also
increase. In order to keep the service level
constant the number of handpumps must |ncrease
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 agaln, the varied economles
of scale of the different pumping technologies
results in manual, solar, and dlese! pumps In
turn providing water at least cost as water
use increases, with handpumps most economical
betow 30 Ipcd, solar between 30 and 60 Ipcd
and dlese! above 60 Ipcd. Electric if
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avallable again provides water at least cost in
aimost all clrcumstances.

Well Cost: Well cost can vary from as
Iittle as $200 per well In Bangladesh, where
artisans use the sludge method to drii| as deep
as 50 meters In alluvial solls, to more than
$15,000 In some places In West Africa. More
typlcaf 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 Flgure
3, by keeping the collection time (hrs/m3)
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 viilage and result In a
lower service level. This wlll tend to
moderate the effect of increasing well costs on
a per caplita basis. Nonetheless, planners
should guard against serving too many pecple
with a single handpump. Other pumping
technologles are relatively less affected by
the weli 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 11ft and because the amount
of power a person can apply to a handpump Is
{imited, the cost of manually pumped water Iis
more sensitlive to pumping Iift than other
technologles. As a result, in the prototype
village handpumps are more economical than
electric pumps onty 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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Energy Cost: Electric power cost has little
effect on the cost of water (see
Figure 5). For example, doubling the eiectric
power cost from 10 to 20 cents/KWHR causes the
cost of water to rise by 4 percent (0.14
$/capita/year). Diesel fue! has a somewhat
greater effect, for doubiing the cost of dlesel
fuel from $0.50 to $1.00 per 1iter causses 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 KKHR/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 (v3). Average
wind speeds above 3 m/sec are unusual, but to
be competitive wind speeds must be at least 4
m/sec or more.
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Figure 5
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C. Technology Cholce Based on Cost

Population, per capita water use, pumping
Ii1ft, cost all affect the cost of water. Well
costs are largely dependent on external fac-
tors such as construction management effi-
clency, type of well rig, competition between
drillers, and amount of expatrliate
involvement. Where these factors are
favorable such as In !Indla 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
I1ft 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 m3/day, solar becomes the
least cost alternative; and if consumption
exceeds 30 m3/day, diesel Is the least cost
alternative. |f grid power |s available In the
commun|ty, electric pumps can provide water at
least cost |f consumption exceeds about 10
m3/day.

Figure 6
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The results in Figure 6 were for 20m pumping
fift. A rule of thumb that takes pumping tift
Into account can be derived by taking the
product of the pumped volume (m3/day) and
pumping 1ift (m); this glves the amount of
energy (m4/day) required to pump water. for the
characteristics of the protaetype villags,
handpumps provide water at least cost if the
product of the pumped voiume and pumping |1ft
is less than 400 m4/day, solar pumps provide
water at least cost in the range of 400 to 600
m4/day (assuming that solar systems can be
sustained with a VLOM approach), and diess|
pumps do so above 600 m%/day.

D.Comparison of Handpump, Public Standpipe, 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 stems 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 comblined effect of
population and housing density on the cost of
water from yard taps Is shown in Flgure 9.
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111. Benefits
A. Types of beneflits

A number of benefits arlise from rural
water supply projects. These Include
reduct lon of the time spent collecting water,
Improved health, Increased productlive uses of
water, and soclal benefits related to an
Improved service level. Quantitative research
Into the demand for water and the benefits of
improved water supply systems Is an ongoling
part of UNDP/Wor|d Bank activities.

Time savings: The most easlly 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 themselves and their children, to
increase family food production and income,
and to Improve their quallity of life.

Time savings are often substantial. For the
vast majority of rural famillies 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 standpipse
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 dlfference being that handpumps and
standp ipes provide 20 lcd while yard taps
provide 80 lcd.

Health: Health benefits also resuit from
an improved water supply. However, there is
limited data linking improved health to
improved water supp!ies onty 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 Infectlons may be distinguished:
water-borne Infections and hygiene related
Infections.

Water-borne Infections will be reduced by
protect ing the water source from pollution but
will not be ellminated unless contamlnation Is
avolded during transport to and storage in the
home through an integrated tralning program
that Includes lowcost sanitatlon advice.

Hyglene related infections wli} be reduced
by improved water supplies only in-so-far as
they encourage water to be used to Improve
hyglene. To obtain the full health beneflits
that Improved water supplies offer, people must
learn to avoid contaminating their home water
supplles and to use water effectively In food
preparation and for personal hyglens. 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 sufficlent
condition for improved health.

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

in the computer mode! beneflts other than
time savings are grouped as a single variable.
The defauit value for these benefits is zero,
but they can be Input in terms of dollars per
capita per year.

B. Method of calculating benefits for time
savings

Demand curve: |f water consumption was
constant (l.e. not a function of level of
service) the calculation of benefits from time
savings could be quite simpie. It would be
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directly proportional to the reduction in
collection time. However, in reality the
closer the source, the greater the guantity 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.

White avaitable information about the
relationship between the cost of water (S/m )
and amount of consumption is not adequate to
define a demand curve, observations of
cotlection time (hrs/m3) and water consumption
aliow 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 correspondlng collection times as low as
3 hrs/n3 (3.5 min/trip) water use is usually
about 20 lcd; second, as collectlon times
increase to as much as 30 hrs/a3 (40 min per
trip) there Is very little change In per
caplta consumption; thlrd when collectlon
times drop below 3 nrs/m , elither by providing
piped water close to Iindlvidual 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/m ) by the
value of time, the range of demand curves iIn
figure 11 can be abtained.
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In the model, reductlions In the cost of
water account for part of the total benefit,
and a further benefit comes from the increased
consumpt fon Induced by a reduced cost. These
two elements are shown graphically in the
demand curve In Figure 10 shaded S1 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 beneflts 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 (beneflt = 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 vaiue these activities.
Regardiess 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.
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Also, If water-hauling time had no value,
one would expect to find that people using the
same amount of water regardiess of the
distance to the source. That, too, is
unrealistic. Although the quantity of water
consumed may be relatlvely 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
signiflcantly 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 thelir water. Antoniou, for
Instance, examined vendor sales in poor urban
fringe areas in the Sudan whsre vendors
compete with kiosks (supervised standplipes).
At the kiosks, water is dispensed for little
charge, but there Is often a queue and hence,
a walt which increases time component of water
cost. Vendors were able to charge four times
as much as klosks, showing that households
wlll 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 klosks
($0.50/m3) and many familles were paying more
than the estimated ful! cost of a yard tap
system. It was aiso 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
trave! 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 thelr 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
unskllled wage rate. in several other
communities in the Kwale District, where
Incomes were fower and a smaller fraction of it
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 1ine 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 |s greater than 100 m) the
cost of water can be very high, even for |ow
values of time. Similarly, If the distance to
the water source is short but people must qusue
for more than a few minutes, the cost of meter
may be quite high.

Figure 13
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V. Cost Benefit Analyslis

A. Method

In comparing different CWS options, the
mode! flrst determines the optimum handpump
and standpipe systems by computing the
annualized costs and benefits of providing
dlfferent numbers of handpumps or standpipes
and choosing the number of handpumps or
standpipes that provides the greatest net
penefit. 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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Flgure 14
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The next step is to use the cutput from the
computer model to compare the net benefits of
the optimum handpump, the optimum standpipe,
and yard tap system. For the prototype village
’ the net beneflits are summarized in Table 3 are
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$14.50 for handpumps, $12.75 for standplipes
and $13.25 for yard taps. Consequently, the
hest choice would be a handpump-based system.

Table 3

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

Total  Total Net
Bengfit Cost Benefit
Handpumps 18.00 3.50 14.50
Standpipes 18.75 6.00 12.75
Yard Taps 24,25 11.00 13.25

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 glve the
greatest net benefit, however, benefits exceed
costs (positive net benefits) only |f the
distance to the old source was 150 meters.

(In effect, this means that the old source was
located outside the village, or equivalently,
the queue time exceeded about 5 minutes).

This conclusion changes as the value of tims
Increases. Figure 17 shows the net benefits
calculated at $0.30 pser hour and llustrates
that yard taps would provide the greatest net
benefit and are the best choice [f the
resource constraints can be overcome.
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Figure 16
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Other benefits can be Inctuded in the model
by adding an estimate of their value in units
of doilars 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 percelves health benefits. iIn 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
illness. (See Figure 18.)

Simitarty, 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 beneflt) of
$1.50 per capita per year for the yard tap
system.

Figure 18
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B. Comparing the Optlions

Because the value of time has such a major
effect on the choice of options, the model has
been designed so that no vaiue to time [s
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 19
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In this Instance manual and sclar pumping in
a community of 1000 persons is being
considered. Aill other factors are the same as
in the prototypse village. When the value of
time is below $0.05 per hour handpumps provide
the greatest net benefit when |t 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, standpipe, and yard tap
systems is shown In Figures 20 and 21 for soiar
and diese! pumps.
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Figure 20
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The curves are derived from model runs simllar
to those used to generate Figure 19. The
areas marked handpumps, standpipes, and yard
taps correspond to combinations of the valus
of time and population where that particular
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typs of system has the greatest net benefit.
The shaded area at the bottom indicates a
negative net beneflt. It [s In this area that
consideration of other benefits (e.g. health)
would be necessary to Jjustify 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 diesel pumps
suited to larger populations.

Earllier it was shown that the dlfferent
economies of scale of manual, solar, and diesel
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
sconomics of scale also affect technology
selection based on cost benefit analysis.

Agaln 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
dlese! are the best economlic choice depending
on the volume that is pumped.

Figure 22
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Figure 23
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V.Summary and Conclusions

Lo ALS X

The development of this mode! was the result
many years of effort to develop a set of
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simple "rules of thumb® that could be applled
to the declisions on level of service and
technology choice for small community water
supplles 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 decislon process,
but as further research was conducted It became
clear that the decislon process was complex.
This led to the development of the
financlai/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 varled over thelir observed domain of real
wor id valuss. Hence the model was designed to
allow the parameters to be reset to values
representing local conditions, and onty once
this has bsen done can specific rules of thumb
be developed for a particular area which will
assist In the formulation of community water
supply policles ang 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 small
communities Is critical to setting the most
valued level of service.

22
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ANNEX A
|. Costs: Assumptions, Data Rsferences,
Equations

This annex descrlbes the straightforward
analytical framework that was used in the
computer mode! to allow comparison of the RWS
options that provide different levels of
service at dlfferent costs. Three basic RWS
systems; handpumps, standplpes and yardtaps can
be analyzed in an annuaiized cost/benefit
framework.

This sectlon 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 Iflustrate the
formulas. Only the main formuias used In the
model are described in detail, readers who
would 11ke a more detalled look at the model
structure should refer to the BASIC |listing in
Annex B.

NELLS

The costs of water extraction (referred to
as source costs In the model) are domlnated by
the borehole cost, particularty for handpump
based systems which Is often many times greater
than the cost of the pump. The cost of
establishing a borehole, including drillling,
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 annualized costs for handpump
systenms.

Because the cost of weil driliing Is highly
dependent on the type of drliling equipment,
the amount of expatriate labor, construction
sfficlency, and borehole success rate, well
construction costs are specifled on a lump-sum
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basl|s. For example, In some driiiing projects,
the construction cost per well has been more
than $10,000, while other drilling projects
using more sultable drilling equipment,
minimum expatriate labor, and an efficlent
drilling program have constructed welis to
equal depths In similar geologlc strata for
less than $2,000. For the computer @model |t
has been assumed that wells can be drilled at
basic cost of $2,000. The well cost can also
be specifled by the user to reflect particular
sltuations.

A single well is used for standpipe 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 handpumps, 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 |ift.
The well capaclty (variable QMAX in the model)
is given by equation 1, where LPM is the water
delivery rate In (iters per minute and HRPUMP
Is the hours per day that the pump is operated
(default « 8 hr/day). The water dellvery rate
in turn Is glven by the equation 1*, where
WATTS is the power input [n watts, EFF Is the
mechanical efficlency of the pump, and LIFT is
the helght 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 !Ift
is greater than 15 meters and somewhat lower
power inputs at tower pumping |ifts. The power
input fs 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.
Typlcally manual power input Is In the range
of 60 to 100 WATTS. The mechanical efficlency
is also a function of the pumping lift; the
empirical relationship in equation 3* reflects
typical handpump efficlencles.
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QMAX = LPM*HRPUMP*60/1000 (1%)
LPM = G*WATTS*EFF/LIFT (1%)
WATTS = 40 + 4*LIFT (2%)
(WATTS = 100 1f LIFT>15 METERS)
EFF = 0.4 + 0.0067*LIFT (3*)
PUMPS
Handpumps: The cost of handpumps can vary

from less than $100 for simplie dlrect actlon,
low-11ft pumps to more than $2000 dollars for
imported, heavy-duty pumps. in thls analysis,
the installed cost of low-lift handpumps
(pumping |I1fts less than 12 meters) Is set at
$200, and the cost of community handpumps for
pumping |ifts greater than 12 meters Is given
by equation 4*. For example, the installed
cost of a handpumsp with a 20 meter pumping lift
is $660.

PUMC = 200
IF LIFT<12 METERS

PUMPC = 500 + 8sLIFT
IF LIFT>12 METERS

(4%)

Electric pumps: The cost of electric,
surface-mounted pumps (suctlon lift less than 7
meters) for small communities |s assumed to be
$750. For higher pumping iifts the cost of
electric submersibie pumps is dependent on both
the pumping [1ft and required water deilvery
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 meters per day and (STORLIFT) Is a
comblnatlion 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 (Q) = 30 m3/day, hours pumping (HRPUMP)
= 5 hours/day) the installed cost is $1475.
Annual energy costs (ANEC) are given by
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equatlon 6* where the electric power cost is
assumed to be $0.10/KM (ELPOWERC) $/KWHr and
the mechanlcal efficlency is assumed to be 40
percent. '

PUMPC = (5%)
275+25*(L IFT+STORL IFT)+75*Q/HRPUMP+500

ANEC =
2.5*Q*(LIFT+STORL IFT)*ELPONERC

(6*)

Diesel Pumps: The cost of low-lift diesel
pumps |s assumed to be $2000 per pump.
However, for (lfts above 7 meters, the cost of
a dlesel-powsred gensrator and submersible
electric pump set is significantly higher. For
estimatlon purposes, It Is assumed that the
cost of a diesel-powered pump Is glven by
equation 5*. The annual energy cost for a
dlesel pump Is given by equation 6*, where
DIESELC Is the cost of diesel which defaults
to $0.5/liter. It Is assumed the energy
content of diese! fuel Is 150,000 8tu/liter,
and the fuel-to-water efficiency is 7.5
percent.

PUMPC = (5*)
275+25*(L IFT+STORL IFT)+75*Q/HRPUMP+3500

ANEC =
0.086*(L IFT+STORL 1FT)+75*Q/HRPUMP

(6*)

Solar Pumps: Solar pumping systems consist of
an electric pump plus photovoitaic panetls and
appurtenant electric equipment. The pump cost
Is about the same as other electric
submers|ble pumps (see equation 5*) and the
photovoltaic panel cost (SOLARPVC) is glven by
equation 7a* where WP is the array size in
watts-peak and CPPWATT Is the Installed cost
per peak watt. The requlred array size lIs
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+STORLIFT)/PVEFF/
*|NS (7b*)

Wind pumps: The cost of a wind pump Is
proportional to the cross-sectional area of
wind intercepted by Its blades. This Is glven
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/m2 for
heavy-duty pumps made in Australla and the
United States. A cost of $500/m2 is used in
this analysls.

PUMPC = WMILLC*1.13*Q*(LIFT+STORLIFT)/V3 (8%)

STORAGE TANKS

A major factor In the cost of storage
tanks, particularly large ones, |s whether they
must be raised or the terrain Is such that
sufficlent 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 gliven by equation 9%, where
STORAGE is the fraction of the dalliy
consumption that is stored and BCSTORAGE is a
proportionallty constant. In this analysls 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 n3 standpipe system and $6300 for 40 m3
yardtap system.

STORC = BCSTORAGE*(Q*STORAGE) /2 (9%)

OUTLETS

When water Is pumped by hand and carried
home, water use is typlcally between 15 and 25
Ilters per caplta per day (Ipcd). Water use at
standpipes s about the same, although wastage
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can be significant, and when It is pliped to
individual yards, consumptlon Increases to
between 50 and 125 Ipcd. Because the water use
generated by standpipe and partlcularly yard
tap systems often results in ponded water and
muddy village pathways, proper deslign requires
the provision of either surface drainage or a
seepage pit at each outlet. The $500 per
standpipe outlet and $100 per yardtap outlet
used in this analysis Includes the installed
cost an outlet, splash pad, and draln fleld.

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 thelr time to collect water.
It should be noted, however, that In this
analysis no assumption has been made about how
peaple value thelr time; rather, throughout
this analysis the value of time Is approached
in terms of a sensitivity analysis, where the
a range of time values are used.

The collection time T (minutes/trip) is
glven by equation 15%, where DIST is the
one-way travel distance in meters, WALK Is the
walking speed in km/hr, QUE Is the queue time
In minutes/trip, 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
dollars/hour.

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

PM3C = T*VT  (16%)

if It Is assumed that the community Is faid
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 number of standpipes in the
community. The areal of the community Is a
function of the population (POP), housing
density (HD) In householes per hectare, and the
average family slze (FSIZE).

DIST = (AREA*10000/NHP)'/2/2 (11%a)
DIST = (AREA*10000/NSP)1/2/2 (11%b)
AREA = POP/HD/FSIZE (12%)

In order to put colliection time in
perspective, the following exampies is offered.
If the distance to the water source |s one
kilometer, a family of 6 using 15 liters per
caplta per day (lcd) wlll spend about 3 hours
each day collecting water. |f the water source
is brought into the vlllage, the distance to
the wefl will typlcally be between 50 and 100
meters, and If there is a 2 minute queue each
time a famlly member goes to the well, about 40
minutes per day wlll be needed to ¢collect
water.

PIPING

The required length of piping depends on
the number of outlets, slze and layout of the
community. The length of distributlon piping Is
approximated by equation 13*a and 13*b and the
length of indlvidual house laterais by
equation 14*, where NSP and NYT Is the number
of water points standpipes or yard tapes in the
community and AREA Is the slze of the community
in hectares.

LPIPE = 90*NSPO-4sAREAD-6 (13%)
LPIPE = 90*NyT0-44ReAD-6 (13%)
LLAT = 40*(AREA/NYT)0-63 (14%)

For the range of conditions typical of small
compunity water suppllies, 1.5 to 2 inch
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dlameter pipes are suitable for distribution
piping and 0.5 to 1 Inch dlameter pipe Is
suitable for house laterals. An Installed cost
of $8 per meter is used for distribution
plping and $6 per meter is used for house
laterals.

Operation and malntenance costs

By and large, one can distinguish between
two different kinds of maintenance systems for
costing purposes: centrallzed and communlity
based VlIllage Level Operatlion and Malntenance
(VLOM). Under a centrallized system, the
principal components of malintenance costs are
personnel, transport, spare parts, and
building and equipment depreclation. Personnsl
costs would Include all wages, salarles, per
diems, pension contributions, and the |ike, of
both focal and expatriate workers and
supervisors, plus a proportion of general
management costs allocable to pump
maintenance. Transport costs include vehicle
depreciatlion and running costs (fuel,
jubricants, tires, spare parts, etc.).
Attention must also be gliven to the forelign
versus local @ix of costs for each type
system. Generally the centralized systems
Impose a greater demand on scarce foreign
exchange due to thelr refilance on motorized
transport. Community based malntenance, 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 reguired to make repalrs.

The recurrent costs that have been estimated
for the computer model! assume that vlilage
based maintenance Is possible, with minimal
dependence on centralized maintenance
services. Refer to maln text Sectlon |, where
resource constraints are discussed. in the
computer mode! It has been assumed that annual
costs wil| amount to 10% of the initlal
capital costs for all mechanical parts (s.g.,
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pumps), and 3% for all non- mechanical parts
(e.g., boreholes, storage tanks and pipes).

Overhead

The overhead costs for planning,
impiementing, 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, particulariy as it |s necessary to
mobillze the community to assume responsibillty
for malntaining thelr new water system. Ouring
the preparation phase an approprlate overhead
structure must be planned and reallstically
costed so that it can be allocated to each
technical optlon for economic comparison and
evaluation of financlal affordability. In the
computer mode! these costs are included as part
of the capital costs for the physical
components and the maintenance cost
coefficlients,

. Beneflts: Demand curve

A discusslon of the assumptions used to
construct the demand curve and method used to
estimate benefits from time savings in the
discussion of benefits is provided In Sectlion
Il. As noted there, the demand curve Is based
on actual water use observatlons, which show
that when water must be carried home per caplta
water use Is usually about 20 !pcd 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, watar 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
relatlionship between water use and collection
time to be estimated. The demand curve is
dellvered by equatlions 15a* and 15b* where
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water use is In titers per caplita per day and
coliection time (T) iIs In minutes 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 |s used as an estimate of benefits, as
was explalned in main text section 1Il.
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ANNEX B

Users Qiide for the Computer Mods!

Introduct lon

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

It Is assumed that the user Is generally familiar with the 1Bv-PC! type of personal camputer. In
order to produce graphic output, similar to that in the body of this technical note, the user must
also be familiar with the LOTUS 1232 software system.

The model has been written In Microsoft Quick Baslc3, and has been compiled using the Microsoft
Qulck Baslic Campller (version 3.0). The distribution diskette contains several flles:

RWS.EXE the executable version of the model that can be run on any |BM-PC campatible
computer
RWS.BAS The BASIC source code that can be examined by the user and if desired modifled to

meat Indlvidual user needs and then run using interpreter BASIC which Is typically
provided with the 1IBM-PC (running with Interpreter BASIC Is much slower)

RWSFORM.WKS A LOTUS 123 tenplate formatted for Importing data that was cutput by the RWS Model
DEMO.PRN A samle cutput fram the program that can be imported into LOTUS 123 for producing
graphs.

Starting the Mode!

To start the model you must flirst have your PC turned on and at the DOS prompt. It Is also
necessary to have your printer comnected to the PC and ON LINE selected, since the program uses the
printer for cutput and some error messages.

1 1aMPC IS a registered trademark of the IBM oorporat'lon
2 oTus 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 Mode| disk in the active drive, you should type the command "RWS" followed
by a carriage return (CR). The following screen wili then appear:

RURAL WATER SUPPLY QOST/BENEFIT MODEL
UNDP/WORLD BANK HANDPUMPS PROJECT

DO YOU WISH TO SET ANY INDIVIDUAL DEFALLT VARIABLES OR FLAGS?
(Y/N)?

You are now rumning the mode!l and all you need to do Is read
the questions It asks and respond In UPPER CASE LETTERS. The program reaulires upper case input,
and expects numeric input to consist of numbers (ie do not use the letter L as a one). All of your
responses should be followed by a carriage return.

By responding to the above "(Y/N)" prampt with a "Y" the program then gives you the opportunity
to modify any of the default variables by displaying the f@llowing screen.

LIST OF VARIABLES AND THEIR SETTINGS

POP= 500 -VILLAGE POPULATION
FSIZE= 8 -FAMILY SIZE

HD= 20 -HOUSING DENSITY

LIFT= 20 -PUMPING LIFT (M)

DISTO= 500 -DISTANCE TO OLD SOURCE (M)
VI= .15 -VALUE OF TIME ($/HR)
WELLC= 2000 -WELL COST (%)

NP= 4 -NIMBER OF HANDPUWPS

NSP= 3 -NUMBER OF STANDPIPES

CPHP= 0 -QOST PER HANDPUWP ($)
C(PSP= 0 -SP + DRAINAGE QOST ($/5P)

LPCD= 20 -LPCD AT NEW SOURCE (LPCD)

LPCDO= 20 -LPCD AT OLD SOURCE (LPCD)

1= .1 -DISCOUNT RATE (PERCENT)

OTHER- ENTER THIS FOR A LIST OF ADDITIONAL VARIABLES
PLEASE ENTER THE VARIABLE NAME. (UPPER CASE ONLY)
VARIABLE??

By responding to the "VARIABLE??" prampt by entering "OTHER" you will get an additional |ist of
defauit variables on the screen that can be set by the user. This screen Is shown below:
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THIS IS A LIST OF ADDITIONAL VARIABLES

STORLIFT= 10 ~LIFT TO STORAGE (M) STORAGE= 1 -NUMBER OF DAYS FLOW (DAY)
PUMPC= Q0 COST OF MOTORIZED PUMPS ($)  *SOLARPVC= 0 -COST OF PV ARRAY ($)
CPMPIPE= 8 -DISTRIBUTION PIPE ($/M) CPMLAT= 6 -HOUSE LATERAL PIPE ($/M)
*LPIPE= 0 -TOTAL DIST PIPE LENGTH (M) *LLAT= O -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= O -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 ($/YT) TYT= 1 -TIME AT YARD TAP (MINUTES)
DIESELC= .5 -DIESEL FUEL COGST ($/LITER) ELPOWERC= .1 -ELECTRIC COST ($/KWH)
LIFEME= 10 -LIFE OF MECH EQUIP (YR) INS= 5 -SOLAR INSOLATION (KWH/M2/DAY)
LIFENME= 20 -L1FE NON-MECH EQUIP (YR)  CPPWATT= 8 -SOLAR ARRAY COST ($/WP)
OMME= .1 -08M MECH EQUIP (X CAP COST) V= 3 -AVERAGE WIND SPEED (M/SEC)
OMNME= .01 -0&M NON-MECH EQUIP (X CAP) WATTS= O -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=FULL,1=NO) EXRATI0= 1 -NET BEN RATIO (OPTION 8)
OTPCB= 0 -OTHER BENEFITS ($/CAP/YEAR)

(*) NORMALLY CALCULATED BUT CAN BE SET

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

To set any of these varlables, you need only respond to the "VARIABLE??"
prompt with the name of the variable (In upper case) and then hit return.
The program will then prompt you for a new value for that variable, which
you should type In and hit return. The program then will ask if you wish
to set any additional default varlables. An example of this process
follows(user Iinputs 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 this example we have changed the default community population to a

value of 1000. You would then input a "Y or N" if you wished to change any
additional default variables.
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If you make a typing error In thils process the computer wlll display the
fol lowing message:

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 varlables 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:

HANDPUMP ONLY-—~——- 1

STANDP IPE ONLY=~---2

YARD TAPS ONLY—~———-3

HANDPUMPS AND STANDP IPES—--——- 4

HANDPUMPS AND YARD TAPS —--=5

STANDP IPES AND YARD TAPS -—-6

HANDPUMPS AND STANDPIPES AND YARD TAPS ---7
OPTIMIZED NET BENEFITS RATIOS -SPECIAL RUN--8
NET BENEFIT SWITCHING VALUES -SPECIAL RUN--9

@ONOO AL WN =

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

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

Selection 8 Is a special run where the model determines the value of
time (VT) where the net beneflts of each palr of technologies (handpumps
vs. standplipes, handpumps vs yardtaps, and standpipes vs yardtaps) are
equal. Selection 8 was used to produce the data for the phase dliagrams
discussed Iin the main text.

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

The user should respond with a numerlic 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 TQO OPTIMIZE HANDPUMP/STANDPIPE NET BENEFITS?
(Y/N)?

The reason for not askling thls question for options 4,8 or 9 Is that
there Is no need for optimization for Jjust yardtaps, and options 8 and 9
automatically optimize.

The declision on optimization allows the user to effectively use the
mode| for elther analysls of costs for different levels of service or allow
the mode! to suggest the most valued (highest net benefit) level of
service. The process of optimization used by the computer model Is quite
simple and invoives the following steps: 1. Start with the minimum number
of outlets (1) 2. Calculate consumption 3. Calcuiate the costs 4. Calculate
the beneflt 5. Calculate Net beneflts 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 beneflits and set the
optimum number of outlets at the previous level. This determination of
optimum service levels |s one of the most useful aspects of the computer
mode!l. Particularly useful Is the abllity to calculate the optimum net
beneflt sensitivity over a variable range.

After the decislon on optimization the user is then requested to select
the form of output that Is desired. There are three cholces 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 OQUTPUT CHOICE 1, 2, OR 3: ?
Output selection 1 gives you a the output that will be presented later
In this note which Is sent to your printer. There will be one |Iine for each

run, and muitiple lines if the run loops through a series of variable
values. The format of this output Is shown late in table at the end of the
User‘s Gulde:
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The columns of the output are as fol lows:

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

PUMP-Identifler for energy source

D-Dlesel
S-Solar
wW-Wind
E-Electric
POP -population of the community
HD -housing density (households per hectare)
PP -persons per water outlet
vT -value of time ($/hour)
LIFT -pumping Iift (meters)
WELLC ~-cost per well ($)
LPCD -llter per caplta 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 -annualized total cost per cublic meter ($)
ANPCC -annual ized cash cost per capita ($)

ANPCB -annuallized per caplita benefits ($)
ANPCNB -annualized per capita net benefits (%)
Loop1 -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 flle 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 WIiITHOUT
PUNCTUAT ION

You should be careful to specify a valid disk drive and file name. For

the file name | suggest that you use the extension that will allow the data
to be Imported into LOTUS 123 (ie "XXX1.PRN"). The system will then prompt
you for a one line comment to be placed in the 123 file, | suggest that

this line be descriptive of the run (ie settings of speciflic variables,
looping variables, run selectlion etc) One note of caution, the program
does not like this comment |ine to have commas ",".
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Once the data is in a 123 flle, 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 Iis that the
program appends (tacks on to the end) to the named file, therefore iIf you
use the same name more than once you may get confused.

Output selection 3 glves a detalled printout of the key Iinput variables
and some Iintermediate results primarily used for checking the calculations
and uses variable names similar to those in the computer listing In Annex
B.ll. 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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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 GRI|D—=———w— 1
2 DIESEL GENERATOR-———- 2
3 SOLAR PHOTO VOTALIC--3
4 WIND 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 |f you wish to loop by any particular
variable, with the following screen:

SELECT THE TYPE OF LOOPING YOU WIiSH

0 NO LOOPING
1 SINGLE LOOPING
2 DOUBLE LOOP ING

SELECT 0, 1, OR 2: ?

The decision on looping aliows 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 varlables that may be used for looping which is almost identical to
those used for setting of default varlables 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
fol lows:

The program can be run just for a single pass (selectlon 0) or be looped
through a single variable range, or through two varlables. It Is Important
to understand the meaning of looping In the context of each run selection,
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for run selectlons 1-7 looping Is identical to setting one or two of the
default varlables 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
(selectlion 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 Iin the program works by setting the number of outlets
(handpumps or standpipes) and therefore it would be meaningiess to (oop by
elther NHP (number of handpumps ) or NSP (number of standpipes) or for that
matter elther PPSP or PPHP (persons per standpipe of handpump).

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

Looping Is particularly useful when looking at a the sensitivity of
uncertaln assumptions, also It is essentlal 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 begln 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 wlith optimization selected
Is shown on the next page.
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HPM3  PCC ANPCTC
37 2.8 .59
.7 29,28 8.4
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When the calculation are finished the program will prompt you for
another run as shown below:

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)?

Then the program starts over agalin.

Words of Advice and Caution

The program Is not very flexible In terms of its inputs (which must all

be In caps or numbers) and its outputs, which are pre formatted. It has
been tested quite a bit, however, | am aware of one or two remaining errors
(screen output etc) that do not affect the calculations but wlll someday
need to be fixed. It is also not very forglving If the printer Is not

turned on, and It is difficult to stop the program In the middle (you might
try turning the printer off this sometimes works, or hitting the “ctrl
break" keys at the same time while the system is walting for a prompt
response.
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100 CLEAR:, REM FRONT END TD INITIALIZE PROCESSING
110 PRINT:PRINT °"RURAL WATER SUPPLY COST/BENEF1T MODEL® v

120 PRINT 'UNDP/NDRLD BANK HANDPUMPS PROJECT®

130 PRINT ®===z=s=====32z=zz=s: ==zzzz=s=z s3z2®

150 60SUB 2000 ° VILLAGE CHARACTERISTICS

153 60SUB 45000 ° DECISION ON CUSTOMIZATION

160 605UD 41000 "CHOICE OF RUN AND IF WISH QPTIMIZATION

170 BOSUB 42000 "OUTPUT CHOICES

180 1F (RUNCHOICE >1) THEM GOSUB 40000 "SELECY TYPE OF MECHANIZED Pump

190 BOSUB 50200 "DECISION ON LOOPING

210 60SUB 41100 'THIS SENDS THE PROGRAM TO THE SUBROUTING FOR A PARTICULAR RUN
220 IF (DUTCHOICE = 2) THEN CLOSE #1

230 IF (DUTCHDICE) = 1 THEN LPRINT °* *

410 CLS:PRINT:PRINT

411 PRINT "DO YOU WISH TD MAKE ANDTHER RUN?"

412 FRINT: INPUT *(Y/N)*;RUNAGAINS

430 IF RUNAGRINS <> °Y* AND RUNAGAIN$ < *W* TREW PRINT “INVALID INPUT*:B010 412
435 IF RUNAGAINS = "N® THEN END

440 CLS:PRINT:PRINT:PRINT *DO0 YOU WISH TO RESET VARIABLES TD DEFAULT VALUES?"
442 PRINT:PRINT “CAUTION: IF YOU ARE LOOFING, VALUES WILL BE THOSE OF LAST RUN.®
44b PRINT: INPUT *(Y/N)*;CLEARYNS ’

449 [F CLEARYNS (> "Y" AND CLEARYNS (> *N° THEN PRINT "INVALID INPUT":GOTD 449
449 IF CLEARYNS = °Y* THEN GOTD 100 ELSE 6070 155

450 END

310 REM ALL FLAGS DEFAULT TO VALUES OF ZERD AT THE FIRST ENCOUNTER,

515 REN WHEN YARIABLE IS SET BY USER CORRESPONDING FLAS IS SET TD 1 AND
516 REM DEFAULT VALUE 1S OVERRIDDEN,

2000 REM 406000ttt sd s et o et tabeestat st taa et edinttidisy

2020 1F POPFLAG = O THEN POP=500 VILLAGE PCPULAYIDN

2030 IF FSIZEFLAG = 0 THEN FSIZE-8 * NUMBER DF PERSONS [N HOUSEHOLD
2040 IF HDFLAG = O THEN LET HD=20 - HOUSEHOLDS PER HECTARE

2050 1F LIFTFLAG = O THEN LIFV = 20 ° PUNFING LIFT (METERS!

2055 IF STORLIFTFLAG = O THEN STORLIFT = 10 "FRICTION LOSS ¢ LIFT 7D STORAGE TANK FOR MECHANIIED PUMPS
2057 IF PUMPTYFE >= 1 AND PUMPTYPE <= 4 THEN TOH = LIFT + STORLIFT ° TOTAL DYNAMIC HEAD FOR MECHANIZED PUNPS

2060 F VIFLAB = O THEN VT=.15 ~ VALUE OF TINE TO HAUL WATER ($/HDUR)

2062 [F WFLAG = 0 THEN W = VT ° ATTENDANT WAGE RATE ASSUMED EQUAL TO VALUE OF TINE UNLESS SPECIFIED ($/HOUR)
2065 IF LPCDFLAG = O THEN LPCD = 20:LEV LPCOHP=20:LET LPCOSP=20:LEY LPLOYY=75 ' WATER USE, (LITERS FER CAPITA PER DAY}
2092 IF TYTFLAB = O THEN TYT =) - ESTINATED TIME FOR COLLECTING WATER FROM & YARD TAP (HRS/M3)

2110 IF MELLCFLAS = 0 THEN WELLC = 2000 * THIS 1S THE BASE COST PER WELL

2120 IF QUEOFLAG = 0 THEN LET QUE0=S.) ° BUEUE TINE AT OLD SOURCE (MINUTES PER TRIP)

2145 IF DELOFLAG = O THEN LET DELO=1S ° DELIVERY RATE AT OLD SOURCE (LITERS PER MINUTE)

2150 IF DELRRFLAG = O THEN LET DELWP=15 - DELIVERY RATE AT HANDPUMP (LITERS PER NINUTE)

2154 1F DELSPFLAG = O THEN LET DELSP=15 * DELIVERY RATE AT STANDPIPE (LITERS/MIN)

2158 [F VOLFLAB = 0 THEN LET V0L=20 ° VOLUNE CAKRIED FER TRIP FROM HP QR SP

2158 IF DISTOFLAG = O THEM LET DISTN=500 ©  DISIANCE 7D OLD SDURCE (METERS)

2160 [F WALKFLAG = O THEN LET WALK=3 ° NALKING SPEED (KM/HOUR)

2162 1F DISTFLAG = 0 THEN LET DISTHP=50: LET DISTSP=50 °  ONE MAY TRAVEL DISTANCE TO WP OR SP
2174 IF STORAGEFLAG = O THEN STORABE =1.0 * FRACTION OF DAILY FLON THAT IS STORED.

2180 IF CPYIFLAG = O THEN LET CPYT=50 ° COST PER YARD TAP INCLUDING DRAINAGE

2185 1F CPSPFLAG = O THEN LET CPSP=300 ° COST PER STANOFIPE INCLUDING DRAINAGE

2190 IF CAPSUBFLAG = O THEN LET CAPSUB = 1 * THIS IS A MULTIFLIER FOR CAPITAL COSTS. DEFAULT CONDITION [S A VALUE OF L. A VALUE OF 0 NEANS NO CAPITAL CDSTYS.
2192 REN SETTING THIS FLAG TD t BIVES A STANDARD RUN INCLUDING ALL COSTS

2200 IF NHPSETFLAG = O THEN RHP = & ° DEFAULT NUNBER OF HANDPUNPS

2205 IF NSPSETFLAG = O THEN NSF = 3 ° DEFAULT NUMBER OF STANDPIPES

2210 |F IFLAG = O THEN LET 1=10 ° DISCOUNT RATE {(PERCENT)

2220 IF LIFENEFLAG = O THEN LET LIFENE=10 * LIFE EXPECTANCY DF MECHANICAL EQUIPMENT (YEARS)
2230 IF CIFENMEFLAB = O THEN LET LIFENNE=20 "LIFE OF NON-MECHANICAL EQUIPNENT {YERRS)

2260 IF HRPUMPFLAG = 0 THEN LET HRPUNP=3 *  HOURS OF ELECTRIC OR DIESEL PUNPING PER DAY
2265 IF HROELFLAG = O THEN LET HRDEL = 8'  HOURS PER DAY HP OR SP IN USE

2270 IF VFLAG = 0 THEN LET v=3 ~ AVERAGE MIND SPEED (M/SEC)

2275 1F WNILLCFLAG = O THEN LET NMILLC=300 * CAPITAL COST OF WINDNMILL ($/M2 OF AREA)

2280 IF ELPONERCFLAS=G THEN LET ELPGWERC=.1 'COST OF ELECTRIC POMER (#/KMH!

2290 1F DIESELCFLAS = O THEN LET DIESELC=.5 "COST OF DIESEL FUEL I$/L1TER)

2292 IF DSLEFFFLAG =0 THEN LET DSLEFF=0.075 "OJESEL EFFICIENCY - FUEL TO MATER

2294 JF FVEFFFLAB=0 THEN FVEFF=. 1’ EFFICIENCY OF THE PHOTOVQTAIC 5YS
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2298 IF SCEMIFLAB=0 THEN SCPM3=0°
2300 1F LPCDOFLAG = O THEN LPCDO=20
2320 1F OMMEFLAG = O THEN LET OMME=10 °
2330 IF OMNMEFLAG = O THEN LET OMNME=1'"
2340 DEF FNPUMP (VOL,DEL, VT, LPCDI=(VDL/DEL/60)

2350 DEF FNCONVEY (DIST,NALK, QUE,VOL, VT ,LPCDI=

2332 1f BCSTORAGEFLAG = 0 THEN LET BCSTORAGE
2354 IF CPPNATTFLAG =0 THEN LET CPPWATT = 8 °
2356 IF CPMPIPEFLAG =0 THEN LET CPMPIPE = B °
2338 IF CPMLATFLAG = 0 THEN LET CPMLAT = & °
2370 IF OTPCBFLAB = O THEN LET OTPCB=)

2420 IF 1 >,99 THEN LET 1=1/100 -

2430 IF OMNE > .99 THEN LET OMME=OMHE/100 °
2440 1F OMNME >.99 THEN LET DMNNE=OMNNE/100
2430 1f EXRATIOFLAG =0 THEN LET EXRATIO = 1 °
2460 RETURN

NEW SOURCE COST ($/n3)

INELASTIC REGION OF DEMAND CURVE

FACTOR FOR ANNUAL 03N COST OF MECH EQUIF (1 CAP1TAL COST:
FACTOR FOR D&M COST OF NON-NECH EQUIP (% CAPITAL COST)
tVTaLPCDE3AS/VOL "PUMPING COSTS PER CAPITA PER YEAR
(DISTS2/MALK/1000+4GUE /601 #VT#LPCD#365/V0L * COLLECTION TIME (HRS/PERSON/YEAR)
= 1000 'BASE STORAGE COST

COST PER PEAK WATT PHOTOVOLTAIC ARRAY INSTALLED

COST PER METER OF MAIN FIPE

COST PER METER OF LATERAL PIPE

HEALTH/OTHER BENEFITS

CONVERT 10 DECTMAL

CONVERT 10 DECIMAL

CONVERT T0 DECIMAL

DEFAULT VALUE FOR EXRATIO (SEE SUB 12000)

2300 REM FORMULAS #eseseiapisnetsstdsdsastessstanstsisstinnstets
2510 REM THIS SECTION 1S FOR ASSIGNING FORMULAS AND CONSTANTS
2312 REM SHORT SECTION FOR CALCULATING PRESENT VALUE FACTOR FOR MECH EQUIP

2514 LET Pv=0 -

2316 FOR PERIOD = O TO LIFENME STEP LIFEME °
2318 IF PERIOD =) LIFENNE 6070 2822 °

2520 LET PY = PV ¢ (1+]1~-PERIOD °

2522 NEXT PERIOD

2530 LET AN = ((1-114 D)~ -LIFENNEY /1D ~-1
2540 LET AREA = POP/HD/FSIZE

2570 LET NYT = INT(POP/FSI2ES. )

2360 IF WATTSFLAG=1 THEN BOTO 2520

INLTIANT2E PV FACTOR

BEGIN LOOP

END LDOP

SUN THE PV FACTORS FOR EACH REPLACEMENT

FACTOR FOR ANKUALIZING COSTS

SKIP CALCULATING WATTS &S FN OF LIFT

2590 F LIFT € 15 THEN NATTS = 43LIFT+40 ELSE WATTS = 100 "PONER INFUT YD HANDPUMPS

2620 IF DELHPFLAG=1 THEN 60TD 2841 °
2630 LET EFFHP=.4+,008678L1FT °
2640 LET DELHP=WATTS®A#EFFHP/LIFT
2641 LET NCX=(4-0.04#LPCROY VT *

OVERRIDE CALC OF WP DELIVERY

EFFICIENCY OF WP

OELIVERY OF HANDPUMP {(LITERS/MIN)

CALCULATES THE CROSSOVER POINT ON THE DEMAND CURVE

2642 LET NCYT=TYT8VT+SEPAY

2643 [F NHPSETFLAG=1 THEN NHP = NHPSET

2644 IF NSPSETFLAG=1 THEN NSP = NSPSET

2655 IF LPCDFLAG = 1 THEN LPCOHP = LPCD:LPLDYT = LPCD:LPCOSP = LPCD

2660 IF LPCOFLAG = O AND IDENT$ ="HP* THEN 60SUB 54000

2470 [F LPCDFLAB = O AND IDENT$ ="SP° THEN BOSUB 55000

2674 IF LPCOFLAG = 0 AND IDENT$ =°YT® THEN LPCDYT = (5-TYT)#20: IF WCYTMCX THEN LET LPCDYT = LPCDO

2890 IF IDENTS = “HP* THEN @ = LPCDHP+POP/1000

2700 IF IDENT$ = *SP* THEN @ = LPCDSP4POP/1000

2710 IF JDENT$ = “YT* THEN @ = LPCOYT$POP/1000:LET NYT = INT(POP/FSIZE+.9):60TD 2890 ° SKIP OVER HF AND SP CALC WHEN RUNNING YT (RUNS FASTER)
2750 LET SRHP = 160#DELMP)/{VOL+DELHP/2)*  SRe#e= SERVICE RATE

2760 LET GNAIHP = SRHP#HRDEL#VOL/1000

2170 LET SRSP=(504DELSF)/ (VOL+DELSP/2)

2780 LET OMAXSP = SRSPHRDEL #2¢20/1000

2785 If DPTIMIIE$="Y* THEN 60 10 2800 'SKIP CHECK FOR SUFFICIENT NUNBER OF HP OR SP TO MEET DEMAND

2790 1F IDENT$="SP* AND POPsLPCDSF/1000)NSP+QNAXSP THEN NSP=NSP+1:PRINT INSUFFICIENT STANDPIPES, AN ADDITIONAL WATER POINT HAS BEEN ADOED':GGTG 2785
2195 IF JDENTS=*HP* AND POPeLPCOHP/1000:NHP+QRAXHP THEN NHP=NHP+1:PRINT *INSUFFICIENT HANDPUNPS, AN ADDITIONAL PUMP HAS BEEN ADDED®:6010 2785
2800 LET PPHP=POP/NHP

2810 LET PPSP=POP/NSP

2820 IF DISTFLAG =1 THEN BOTD 2850 'DECISION ON CALC DISTANCE TG NEW SOURCE

2830 LET DISTHP = SOR(AREA®10000/NHP) /2 “ONE MAY TRAVEL DISTANCE

2840 LET DISTSP = SQRUAREA€10000/NSPY/2

2650 REM

2860 IF QUEFLAG = O THEN LET ARHP=LPCDHPPOP/NHP/HRDEL/VOL:QUEHP=ARHP#40/SRHP/ (SRHP-ARHP)*  AR##=ARRIVAL RATE (TRIPS/HR)
2880 IF QUEFLAG = O THEN LET ARSP=LPCDSP#POP/NSP/HRDEL /VDL:RQUESP=ARSP*2460/SRSP/ (4#5RSP~2-ARSP2)

2890 REM

2892 LET T0=(24DISTO/MALK/1000+QUED/60+VOL/DELD/60) #1000/VOL

2094 LET THP=(2+D1STHP/WALK /1000 +QUEHP/60+VOL/ DELHP/60) £1000/v0L

2895 LET TSP=(Z4DISTSP/MALK/1000+QUESP /50 vOL/DELSP/60) #1000/v0L

2897 LET WCO=TOQ#YT+SCPA30

2898 LET NCHP=THPeVT+SCPA3

MROQ I FT WrOP=TSPeyTaCr PN



000 REM ||{l!i||||Ii|:|!|l0l||||0|4|00!!90|||oo¢||¢o||||||!
7005 REM OFTINIZIE NUMBER OF HANOPUMPS OR STANDFIFES
3007 REM PRINT "ENTERING OPTIMIZATION FOR --°;1DENT$
3010 [F JDENT$="HP" THEN LET NHP=1:LET NHPSETFLAG

J:LET NHPSET = L:LET PFHP=FOP/NHF "SET MUMBER OF OUTLETS 10 1

3012 IF IDENT$="SP" THER LET NSP=1:LEY NSPSETFLAG = 1:LET NSFSET = 1:LET PFSP=POF/NSF "SET NUMBER DF OUTLETS 10 1t

3020 LET NBOLD=-9999999

3040 IF IDENT$ = “HP* THEN GOSUB 2500:505UB 7000:50548 10050 "CALC HANDPUMP COSTS AND BENEFITS

3G47 IF IDENTS
3050 REN LPRINT NHF,ANFCC,ANFCB, ANPCNB,NEOLD
I060 LET NBNEW=ANFCNB
3070 1F NBNEW.NBOLD THEN 3110
3080 LET NBOLD-NBNEW
3080 IF (IDENT$ = "HP®) THEN NHP=NHP+1:LET NHPSET = NHPSET +1:FPHP = POP/NHP
1092 IF (IDENT$ = "SP*) THEN NSP=NSP+1:LET NSPSET = NSFSET +1:FFSP = POF/NSP
100 6070 3040
i IF (IDENTS
3120 [F {IDENTS
3140 RETURN
1200 REN
4500 REN GRID SDURCE COSTS 4% tasssseps e dipss sniasessnssiassiost
4520 IF PUMPCFLAG=C AND LIFT=(7 THEN PUMFC=750
4530 IF PUMPTFLAG=0 AND LIFT}7 THEN PUMPC=275+25# (LIFT+STORLIFT) 47540/ HRPUNF+500
4340 IF PUMPCFLAG=0 AND PUMFC(750 THEN PUNFC=730
4360 LET ANEC=2,540¢ (LIFT+STORLIFT) ¢ELPONERC
4570 1f STORCFLAG=0 THEN STORC=BCSTORAGESOR (Q#STORAGE)
4660 RETURN
700 REM
S000 REM DIESEL SOURCE COSTS HEassietsesaeessstsasstssnsasssradnss
3020 IF FUMPCFLAB=0 AND LIFT={7 THEN PUKFC=2000
5030 If PUMPCFLAG=0 AND LIFT)7 THEN PUMPC={275+25¢ (LIFT+STORLIFT) +75#Q/HRPUMP) +3500
3040 IF FUMPCFLAB=0 AND PUMPC{(750 THEM FUMPC=750
5060 LET ANEC=0.08625¢0¢ (LIFT+STORLIFT) ¢DIESELC/PSLEFF
3070 1F STORCFLAG=0 THEN STORC=BCSTORAGE*SQRIQ#STORAGE! *STORAGE COSTS
5080 RETURN
5100 REW
500 REM SOLAR SOURCE £OSTS esssssssvissieisss s testtinapisdprbidtesentny
5520 IF PUMPCFLAG=0 AND LIFT < 7 THEN PUMPC=750
5330 IF PUNPCFLAG=0 AND LIFT=>7 THEN PUNPC = 275+2S# (LIFT+STORLIFT) ¢7S¢Q/HRPUNP
5540 IF PUMPCFLAB=0 AND FUMPC(750 THEN PUNPC-750
5545 LET WP = 2,72¢Q4(LIFT+STORLIFT)/PVEFF/INS
5550 IF SDLARFVCFLAG=0 THEN SOLARPVL = CPPWATT#UF
5570 1F STORCFLAG=0 THEN STORC=BLSTORABE #50R (@¢#STORAGE)
5600 LET ANEC = 0
5440 RETURN
3700 REN
8500 REN WIND SOURCE COSTS  #e#43atsiesstsaetiitestabaesisssntesesittng
5510 LET ANEC = 0
6550 IF FUMPCFLAS=0 THEN PUMPC=WMILLC#1,133Qe (LIFT4STORLIFT)/V*]
6560 [F STORCFLAB=G THEN STORC=BCSTORAGE#SQR (Q#STORAGE)
6470 RETURN
8700 REM
7000 REM  HANDPUMP COST CALULATIONS €484230sessetsatasetaentassisssss
7005 IF CPHPFLAG = { 60 10 7010
7007 IF LIFT (= 12 THEN CPHP = 250 ELSE LET CPHP=500+BaL1FT
7010 LET PUNPC=CPHPENHP
7015 LET HPNELLC=WELLC#NHP
1020 LET PCC=(PUNPC+HPWELLC) /FOP
7025 LET ANPCCC=(PUMPCHPV+HPMELLC) #AN/POFP
7030 LET ANPCONC= (FUNPCHONME +HPNELLCSOMNNE) /FOP
7031 LET ANPCCC = ANPCCC#CAPSUB “ADJUSTS CAPITAL €DSTS FOR ANY SUBSIDY
7032 LET ANPCEC=FNFUMP (VOL,DELHP, VT LPCDHP}
7033 LET ANPCAC=LPCOHP¥SCPM3#365/1000
7035 IF AHPNFLAG=0 THEN AHFW=NHF#2
7037 LET ANPCAL=AHPN#N#52/POF
7038 ANPCHC=FNCONVEY IDISTHF, ALK, QUEHF, VOL , VT, LPCDHP)

*HP*) THEN LET NHP=NHP-1:LET NMPSET
*SF") THEN LET NSF=NSP-1:LET NSPSET

NHP:LET PPHP
NSP:LET PPSP

POP/NHP:60SUB 2
FOP/NSP:60SUB 2500:60SUB 40100:60SUF 7500:505UB 10500

*S5P® THEN GOSUB 2500:50SUR 40100:BOSUE 7500:60SUB 150D “CALC STANDPIFE COSTS AND BENEFITS

500:505UB 7000:805U8 10000
5
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TOAT LET PMIC=ANPCIC®130/LPCOHP /365

1950 RETURN

100 REM

7900 PEW STANOFIPE TOST CALCULATIONS setsssstrnssesssaqrsevatpesessts

7520 [F LPIPEFLAG=0 THEN LFIFE=Q0#NSF ", 4¥AREA".b

7523 1F FIFECFLAG=D THEN PIPEC=LPIPESCPMPIPE

7530 LET XSPC=CFSPaNSP

T533 IF FUNPTYFE <> 3 THEN SOLARPYC=0

7335 LET PCC=(WELLCPUMPC+STORCHSOLARPVC+PIPECHXSPL) /POF

1540 LET ANPCTC=1 (PUMPC+XSFC) ¢PVAMELLC+STORT +SOLARPYC+PIPEC) 4AN/FOP

7543 LEY ANPCOMC=( (FUNPCHXSFC)+OMME + tWELLC+STORC+SOLARFYC+FIFEC) #ONNNE) /POF

7350 1F PUMPTYFE=4 THEN ANPCOMC=((PUMPC/4+4SFC) ¢OMNE+ (PUNPCoZ/4+WELLC+STORCSPIPEC) #OMNME Y /FOF
7553 LEY ANPCCC = ANPCCCHCAPSUB "ADJUSTS CAPITAL COSTS FOR ANY SUBSIDY

7555 LEY ANPCEC=ANEC/POP

7596 LET ANPCMC=LPCDSFSSCPMIA36S /1000

7557 1F ARFUFLAB=1) THEN AHFW=NSP#?2

7358 IF FUNPTYFE = T AND AHPWFLAG = O THEN AHPN = NSPaZ+HRPUMP&7

7559 LET ANPCAC=AHPW#WASZ/FOP

7563 ANFCHC=FNCONVEY (DYSTSP, WALK ,BUESP,VOL VT LPCOSP) +FNFUNF {YOL ,DELSP,VT,LPCOSPY "HAUL INCLUDES COMVEYING AND SUE TINE
7565 LET ANPCC=ANPCCC+ANPCOMC4ANPCEC+ANFCAC

7370 LET ANPCTC=ANFCC+ANPCHL*ANPCNE

7575 LET PHIC=ANPCTC#1000/LPCDSP/ 365

7580 RETURN

7600 REM

8000 REN YARD TAP COST CALCULATIONS Restuasesseatsdsesssssrtstpessnisteey

8120 IF LPIPEFLAB=0 THEN LFIPE=90¢NYT~, 43AREA". &

8125 IF LPIPCFLAG=0 THEN PIPEC = LPIPE#CPAPIPE

B140 IF LLATFLAB=0 THEN LLAT=40% (AREA/NYT)" .63

8145 IF LLATCFLAG=0 THEN LATC=LLAT#CPMLATWNYT

8130 LET YIC=CPYTaNTT

8152 IF PUNPTYPE (> 3 THEN SOLARPV(C=0

8153 LET PCC=(MELLC+PUNMPC+STORC+SOLARPVC+PIPEC+LATC+YIC)/POP

8135 LET ANPCCC= ({PUMPC+YTC)ePV+WELLC+STORC+SOLARPYC+PIPECALATL) #AN/FOP

8160 LET ANPCONC={!PUNFC+YTC)#DNME + (WELLCo+STORCASOLARPYC+PIPEC+LATTY ¢DMNNE) /POF

8165 [F PUMPTYPE=4 THEN ANFCOMC=((PUMPC/4+(TC) #ONME+ (PUNPC23/4+MELLL+STORC+PIPECHLATC) $OMNNE) /EDP
8167 LET ANPCCL = ANFCCCCARSUB "ADJUSTS CAPITAL COSTS FOR ANY SUBSIDY

8170 LET ANPLCEC=ANEC/POP

8172 LET ANPCMC=LPCDYTSCPH3#765/1000

8175 IF PUNPTYPE = 2 AND AHPNFLAG = O THEN AHPN = HRPUMP#7

B176 IF AHFWFLAG =0 AND PUNPTYFE <)>2 THEN AKFN = ©

8177 LEY ANPCAC=AHFN#NS52/POP

8180 LET ANPLC=ANFLCC+ANFCONC+ANPCEC+ANPCAC

8185 LET ANPCTC=ANPCCHANFCHC +ANPINC

8190 LET PMIC=ANPCTC#1000/LPCDYT/365

3193 RETURN

£200 REM

J000Y REM HANDPUNP BENEFIT CALCULATIONS sesttsssessrssiiadodsitassel

10010 IF WCO=NCY AND MCHP=)HCY THEN ANPCB=(103/5¢(NCO-WCHP) -1/S/2/VTe (NCO*2-WCHP 211 #345/1000 +QTFCR
10020 IF WCO=(WCY AND WCHP=(MCX THEN ANPCB=(4/0.04#(NCO-NCHP)-1/0.04/2/VTw (NTH"2-NCHP” 211 #3857 1000+CTFCB

10030 IF WCH=>WCL AND NCHF=:MCX THEN ANPCB=(163/5¢ (WCO-MEX)-1/S/2/VTH(MEG  2-HCX 21 4365710004 (40, C4+ (RCX-NCHPF) ~170,04/2/VTHINTX" 2-WCHF~2)) #3435/ 1000+QTPLB
10035 1F WCO=(NCY AND WCHP=:MCX THEN ANPCB=(103/5¢ (MCX-MCHF!-1/5/2/VTR ML 2-HCHP21)#365/1000+ (470, 04¢ (NCO-RLXI-1/0,4/2/VT4 (HCO2-WEX 2114765/ 1000+QTFTB

10037 REN LPRINT ANFCB,WCO,WC) NCHF LPCDO,LPCOHP, YT, OTPCR; *ANPCB,NCD,WCX , ¥CHF,LPCDO,LPCOHP, VT, OTFCB”
10049 ANPCNB=ANFCB-ANPCC

10050 RETURN

10106 KEM

10500 REM STANDPIPE RENEFIT CALCULATIONS sasesesdsssdssssssssenpntasey

10510 IF MCO=:NCY AND WLSP= NLCX THEN ANPCB=(103/5¢ (MCO-WCSP)-1/5/2/%TH{NCO"2-MESP*2})4165/1000 +0TPCB
10520 1F WCO=(NCX AND WCSP=:NCY THEN ANPCB=(4/0,04% (NCO-NCSPI-1/0.04/2/VT#(WCO"2-NCSP"2114365/10004DTPCB

10330 IF WCO=)WCX AND WCSF={MCE THEN ANPCB=(103/5% (WCO-WCX}-175/2/VTw(NCO 2-WCK"2)18345/1000+ (470, 04% (WCX-WESPY-1/0,04/2/9T4 (WCX*2-KCSF*2)) #365/1000+0TPCB
10535 1F WCO=<NCY AND WCSP=:NCX THEN ANPCB=(103/5# (WCX-NCSFY-1/5/2¢VTs (NCX"2-WCEP*2) 14365/ 10004 (470, 048 INCO-NCX:-1/0,04/2/VTINCO*2-NCX"2) ) #165/1000+01PCB

10540 ANPCNB=ANPCB-ANPCC

10550 RETURN

10600 REN

HICO0 REM VARD TAF BENEFTT CALCULATIONS weecesviossessrstinonessasases

-

-
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11030 1F WCE-NCY AND 4CYT=(NCX THEN ANPTB=1101/5%1MCH-MCX:-1/S
11035 1F WCO=/¥CY AND WCYT=»NCY THEN ANPCB=(107/S#(NCK-MCYT: -1/
11060 LET ANFTNB=ANPLB-ANPCC

11070 RETURN

11190 RER

1300v REM THIS SUBROUTIME 15 FOP DETERMINATION OF THE SET OF FCINTS RLONG AN OPTIMIZATION LINE BETWEEN HANDPUNPS AND STANDPIFES DR HF AND YT OF 5F aND YT
12010 KEM  THIS SUEROUTINE MUST HAVE OME OF THREE FLABS SEV TO ZERC AND ONLY ONE OF THE THREE FLABES, WHICH ARE HFSP HFYT,SFYT

12620 REM

12035 LET 97=.1 "INITIALIZE THE WABE RATE T0 A LON VALUE

12050 LET ONT=]

12050 LET INC=.15

12070 1F (HPSPFLAG = 1) OR (HPYTFLAG = 1) THEN IDENT$= °HP*:GOSUB 3000:LET ANPCBHP=ANPCB:LET ANPCCHP=ANPCL:LET ANPCNBHF=ANFLNB

12080 1F HPSPFLAG = | OR SPYTFLAB = { THEN IDENT$= "SP*:BOSUB J000:LET ANPCBSP=ANFCB:LET ANFLTSF<ANFCC:LET ANPCNBSP=ANFCND

12090 IF HFYTFLAG = t OR SPYTFLAG = 1 THEN IDENTS$= “YT*:6Q5Uk 2500:605U8 40100:G60SUB 8000:GOSUB 11000:LEY ANPCRYT=ANFCR:LET AMFULYT=ANPCLILET ANFCNEYT=ANPLNE
12120 IF HPYTFLAB = { THEN LET DELBEN=ANFCNEYT-ANFCNEHPSEXRATIO

12180 IF HPSPFLAG = | THEN LET DELBEN=ANFCNESP-ANPCNBHPeEXRATID

12150 IF SFYTFLAB = | THEN LET DELBEN=ANPCNRYT-ANPCNBSF4EXRATID

12159 IF CNT=1 AXD DELBEM:C AND VT > O THEN LET YT=V1-.5:60T0 12060

12157 IF CNT=1 AND DELBENDQ AND V1 < O THEN LET VT=VY4,2:6070 12060

12160 PRINT *CNY¥=";CNT

12179 PRINT “EXRATIO=";EXRATID,"VT="{VT, *INC=";INC,"DELBEN="; DELBEN

12180 1F SPYTFLAG = 1 THEN PRINT °*SPYT= NBSP=";ANPCNBSP, NBYT=";ANFLNBYT

12190 IF MPSPFLAG = | THEN FRINT °*HPSP= NBHP=*:ANPCNBHP, *NBSF="; ANFCNBSP

12200 IF HPYTFLAG = | THEN PRINT "HFYT= NBHP=";ANPCNBHF, *NFYT=": ANPCNBYT

12210 LET CNT=(NT+]

12230 1F CNT225 THEN 12320

12250 IF ARSIDELBEN) (.05 THEN tZ360

12260 1F DELBEN U THEN 12290

12265 1F V731 THEN LPRINT °VY GREATER THAN $1.00°:6070 12360

12270 LET VI=9T+INC

12280 60710 12070

12290 IF T C 0 THEN PRINT VT LESS TMAN ZERD ":60TD 12360 "THIS IS ONLY EXECUTED WHEN VT [S BELOW JERD AND STILL NEEDS 10 GO LOWER T0 FIND A CROSSOVER FOINT
12295 LET VI=VT-INCHINC/2

12300 LEY INC=INC/3

12310 6010 12070

12320 LPRINT "MORE THAN 25 ITERATIONS®

12330 END

12350 END

12340 IF QUTCHDICE = 2 THEN 6OTO 12390

12362 1F FIRSTINES = *Y* THEN LPRINT *RUM,IDENT EXRATIO,VT,LIFT,DRATE,POP NELLE,NOF__/NOF__ ANPCNB,ANPCNB”

12385 1F SPYTFLAB = 1 THEN LPRINT *SFYT=";EXRATIO,VT,LIFT,1,POP MELLC,NSF,NYT ANFCNBSP ,ANPCNBYT,DELBEN

12370 If WPYTFLAG = 1 THEN LPRINT *HEYT=";EXRAT{O,VT,LIFT,1,FOP,NELLC,NHP NYT ANPCNBHP ANPCNBYT, DELBEN

12380 IF HPIFFLAG = 1 THEN LPRINT "HPSP=";EXRATIOVT,LIFT, 1,POF NELLC,NHF NSF,ANPCNBHP ANPCNBSF,DELBEN

12382 LET FIRSTIMES = °N°

12385 RETURN

12379 IF FIRSTINES = *Y* THEN WRITE #1,°RUN, [DENT EXRATIO,VT,LIFT,DRATE,POP NELLC,DENS ANPCNB, ANFCRB®

12392 IF FIRSTINES = *V* THEN FRINT °RUN,[DENT,EXRATIO,VT,LIFT,DRATE,POF,MELLC,DENS, ANPCNB,ANPCNB®

13395 1F SPYTFLAG = 1 THEN NRITE #1, *SEYT=";EYRATIOVY,LIFY,1,POP, WELLC,HD ANPCNBSP ANPCNEYT,DELEEN

12396 IF SPYTFLAG = 1 THEN PRINT °"SPYT=";EXRATIOVT,LIFT,I,POF,MELLC,HD,ANPCNRSP  ANPCNBYT, DELBEN

12400 IF HPYTFLAG = 1 THEN WRITE &1, "HFYT=";EXRATIOVT,LIFT,1,FOP,MELLT,HD,ANPCNBHP ANPCNBYT,DELBEN

12402 IF HPYTFLAB = 1 THEN PRINT *HPYT=";EXRATIO,VT,LIFY,1,POF,NELLC,HD,ANPCNBHF  ANPCNBYT,DELBEN

12410 1F WPSPFLAG = 1 THEN NEITE 41, °*HPSP=";EXRATID,VT,L1FT,],POP NELLC,HD, ANFCNBHF ANPCNBSF , DELBEN

12412 IF HPSFFLAG = | THEN FRINT *HFSP=";EXRATIONT,LIFT,1,POF ,WELLC,HD,ANFCNBHP ,ANPCNBSF  CELBEN

12430 LET FIRSTIMES = *N°

12450 RETURN

12500 REM

13000 REM THIS SUBROUTINE IS FOR DETERMINATION DF NET BENEFITS SWITHCING VALUES AT AN OPTIMIZATION LIXE EETWEEN WP AND SF, HF AND YT, DR SP AND YT
13020 REM

13035 1F FIRSTIMES = "Y* THEN LET VT=,0f "INITIALIZE THE WABE FATE TO A LOW VALY

13030 LEY CNT=}

13060 LET INC=.15

13070 IF IDENT$= “HP" THEN 50SUB 3000

13080 TF [DENT$= *SP® THEN fOSUR 3000

1209 IF [DENT$= *VT® THEN GOSub 2500:6JSUB 40196:6OSUP 8rn: 5ASUS 11000

!
e
]

-1



Tobil CHGHe RS IRTTELIE FI S ) PR TTTVOR PENIP ] A
12980 IF IDBUTE="HF" TREN FRINT “NHF=";NHF, “QUEHF="QUERF,"DISTEP=";D15THE
13190 IF TCENT$="CP" THEN PRINT "NGP=";NSP, “DUESF="OUESF “DISTSF=";DIZTSF * T

13210 LET CNT=CNTs)

13279 IF VT2 THEN 13340

13230 IF CNT:29 THEN 17320

13250 1F ARSTANFLNBIC,01 THEN 13280

17262 IF ANFCNB ) THEM 13290

13270 LET VI=VI+INC

13289 6070 2070

13239 RENM

13289 LEY VI=VI-INC+INC/3

13300 LET INC=INC/3

13305 TF VT <O THEN LET VI=INC

131310 6070 13070

13320 LPRINT "MORE THAN 25 {TERATIONS®

13302 6070 13360

13340 LPRINT °*VALUE OF TIME GREATER THAN §2,00"

13360 GOSUB 18000

13440 LEY FIRSTINES = °N*

13450 RETURN

15290 REM PRINT DETAILED SUMMARY 330 tersssassdsssbodsnessnsctssnss
15252 PRCNT=FRCNT+1:IF PRCNT=4 THEN LPRINT CHR$(12) :FRINT=}
15258 LPRINT CHR$(15)

15260 WIOTH "LFY1:", 255

15265 1F IDENT$="HF™ THEN LPRINT * SYSTEN  PUNP POP HD  AREA PP LPCD  LIFT

15270 IF IDENT$="HF* THEN LPRINT * s 1DENTS;” "iPUNPS USING ° (132} 11} " Hy M #4°FOF HD ,ARER, FF PRLFCD,LIFT:LFRINT

15271 IF TDENT$="SP* OR IDENT$="YT" THEN LFRINT * SYSTEM  FUNP fap HE  AREA PP LFCD  LIFT 10H"

15272 IF 1DENT$=°SF* DR IDENT$="YT® THEN LPRINT " " IDENTS;” *1FUMPS USING ° "t " Li1] H " 887 R0F HO,AREA,FP,PRLPCD, LIFT, TDH: LPRINT

15275 LPRINT °  LFCPO  WALK DIST®  QUEQ  DELD 10 DIST guE DEL 1 ngo WCt L1

15280 LPRINT USING * (11} I I Rt B B B R R BN BEOMRLPCOO,WALK,DISTO,QUEC, DELO,TO,DIST,QUE,DEL, T, HCO, MCX,PRUC: LPRINT
15285 LPRINT ° vr 1 LIFEME LIFENME  DMWE  OMNME CAFSUB EXRATID K AHFW  DTPCBT

15290 LPRINT USING =  ®.98¢ .t H B L M R e LY S NEVT T LIFERE LIFENNE, ONNE , OMNME  CAPSUB, EXRATIO, W, AHFY OTPCB:LPRINT
15295 IF IDENTS="HP* THEN LPRINT * NP CPHF MELLC  MATTS  EFFNP  DELHP  Q/HP QMAXHF % CAP®

15300 IF [GENT$="HP® THEN LPRINY USING * MM M L BH B Wt L T NHP CPHPMELLC NATTS, EFFHP  DELHP 0/ NHF ,BMATHR, B/NHF /@NAX: LFRINT
13395 IF IDENT$="SP" AND PUMP$="E* THEN LPRINT ° NSP (PSP WELLC STORAGE QSTORE  LF{PE CFMPIFE ELFOMERC HRPUMP®

15310 IF IDENT$="SP" AND PUMP$="E" THEN LFRINT USING ° L1} MMM B B e sy B B8 NSP CPSP NELLC,STORASE ,QeSTCRAGE ,LFIPE, CPNPTFE  ELFONERT  HRPUNF

13315 1F IDENT$="SF" AND PUMP$="C" THER LFRINT ° NSF (PSP WELLL STORAGE OSTORE  LFIPE CFMPIFE DIESELC HRFUMF  DSLEFF®

15320 IF IDENT$=“SF° AND PUNP$="0" THEN LFRINT USING " L1 " I BN g il B . X84 NSP CPSP MELLC,STORAGE ,B¢STORAGE ,LPIFE ,CPNFIFE, DIESELC HRPUMF  DSLEFF :LFRINT

15305 1F IDENT$="SP" AND FUMP$="S* THEN LPRINT N3P CPSP WELLC STORAGE (DSTORE  LPIFE CPMFIFE CPPRATT 1 L

13330 IF IDENT$="SP" AND PUMF$="S* THEN LFRINT USING * " OB B it M el R 4.4 NSF CPSP MELLC,STORABE ,B95TORASE LFIFE,CPMFIFE,COPMATT, I WP LPRINT

15335 IF IDENT$="SF" AND PUMP$="N" THEN LPRINT NSF CPSF WELLC STORAGE BSTORE  LFIPE CPNPIFE WMILLT v

19340 1F IDENT$="SF* AND PUMP$="N° THEN LPRINT USING " H 1O BK I MR Bl un 4. 4°;NSP,CPSP MELLC,STCRAGE ,D¢STORARE ,LFIFE, CPMPIFE MMILLL, V:LPRINT

13347 IF IDENT$="YT" AND PUMF$="E" THEN LPRINT Ny Y CPYT MELLC STORABE QSTORE  LPIPE CPMPIFE LLAT  CPRLAT ELFC®

15256 IF IDENTS="Y1" AND PUNPS$="E* THEN LFRINT USING " "™ BAOHENE R MY B B Bl e R NYT CRYT MELLC,STORABE ,B¥STORABE ,LPIFE,CPNPIFE,LLAT,CFNLAT (ELPCSLFRINT

15355 1F IDENT$="YT" AND PUMP$="D* THEN LPRINT * NYT  CPYT WELLC STORAGE DSYDRE  LFIPE CFNPIPE  (LAT CFMLAT DIESELC"

195360 IF JDENT$="YT" AND FUMF§="D" THEN LFRINT USING * (12 "t LA LY Bl s M un LR NYT,CPYT MELLL, STORAGE ,Q#STORAGE ,LFIOE ,CFMFIFE,LLAT ,CPNLAT DIESELC:LFRINT

15365 IF IDENTS="YT" AND PUMP$=°5* THEN LPRINT * NYT  CPYT WELLL STORABE QSTORE  LPIPE CFMPIFE  LLAT CPMLAT CPPRATT [

15370 1F [DENT$="YT" AND PUNF$="S* THEN LPRINT USING * " B S LR R Bl Bu BN BN 1Y BRITNNT TPYT MELLL,STORAGE, D#STORAGE,LFIFE,CPHPIFE,LLAT CPHLAT, CFPNATT WP LPRINT

19375 IF IDENT$="YT" AND PUNP$="W" THEN LPRINT * NYT  CPYT WELLC STORRGE QSTORE  LFIPT CPMPIFE  LLAT CPMLAT NAILLC Ve

15180 IF [DENT$="SP* AND PUNP$="W" THEN LFRINT USING ° " IR L e e e e B s ®.8";NTT CPYT WELLC,STORAGE, DeSTORASE,LFIPE,CPNFIFE ,LLAT,CPHLAT WRILLC,V:LFRINT

15385 IF 1DENT$="HF* THEN LPRINT " PCC TOTALC  MELLC  PyMrC*

15390 IF IDENT$="HF® THEN LPRINT USING " 88, 4% #O388%  Beed  #end*;PCC,FOC#POF WELLT, PUNPC:LPRINY

15295 IF IDEKT$="SP" AND PUMP$(>°S* THEN LPRINT * FCC TOTALC  WELLC FUMPC  XSPC  STORC  FIPEC®

13400 IF [DENT$="GF" AND PUNFS<>°S* THEN LPRINT USING ° #RU.8% 444 G4M0F 8300 MOMRE 0B MERAN°;FCC,PCCePOP,MELLC,PUNPC, YSPC,STORE, FIPEC: LPRINT

15405 1F IDENT$="YT" AND PUMF$()°S" THEN LPRINT * PCC TOTALC  WELLC  PUMPC YIC STORC  FIPEC®

15410 IF TDENTS$="YT® AND PUMP$<D°S® THEN LPRINT USING ° H&S.%% RB088F S8  H800  A404%  G0801  BR040°;PCC,PCCePOP MELLC,PUNPC,YTC,STORC,PIPEC:LPRINT

15415 IF IDENT$="5P™ AND PUMF$="S° THEN LPRINY * PCC TOTALC  MELLC PUMFC  XSPL  STORC  PLPEC SOLARPVC"

13418 IF IDENT#="SP" AND PUMFS="G* THEN LPRINT USING * #0B.$3 B0BSB) 20680 BHOR  B0O80 SR 40080 DOMM°;PCC,PCCPOP,NMELLC,PUMPC, XSPL,STORC,PIFEC, SOLARPVC:LFRINT
15420 1F TDENT#="YT® AND PUMP$="5° THEN LPRINT ° PCC TOTALC  WELLC  PUNRC YIC STORC  PIPEC SOLARPVC®

15422 1F 1DENT$="YT" AKD PUNF$="S" THEN LFRINT USING * #0809 SERSEF  BREBE  BERE  SR48F  HBMER WRBC 89400°;PCC,PCCHPOP,NELLC,PUMPC,YTC,STORC,FIPEC,SOLARFYC: LPRINT
15424 LPRINT * ANFCCC ANFCOMC ANPCAC ANPCEC ANPCHC ANPCMC ANFCTC  FMIC ANPCC  ANPCB  ANFCNB®

15426 LPRINT USING * SR 8%  HLE1 SRR JL U ML 8 300 (L0 IR B M BB B0 3B ANPCCC,ANPCORC, ANPCAC , ANFCEC, ANFCHC , ANPCNC  ANPCTC, PNIC ,ANPCC  ARPCB  ANFCNB: LPRINT:LPRINT:LPRINY

5410 RETURN
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1896 1F (IQENI!='VT').TNEN LEY PR=FST2E:PRLFCO=LFCDYT: QUE=G:OMAT =0 PAWELLE =MELLC: T=TY T FRNC=MEYT . .
19008 If PUNETYPE=] THEN Pumes="E° - » - . .,
18010 1F PUMFTYPE=2 THEN FUMP$=“[*

18012 iF PUMPTYPE=3 THEW PUMF§:=°5"

18014 1F TUNFTYPE=4 THEN PUNPS:="N"

18016 1F (DUTCHCICE = 1} THEN GOSUB 18200 "JUTOUT SHORT SUMMARY TQ LINE FRINTER

18018 IF (OUTCHCICE = 2) THEM GOSUB 1BI00 "DUTPUT SHORT SUMMARY TO 123 FILE °
18020 1F (DUICHRICE = ) THEW GOSUB 15250 "GUTPUT DETAILED SUMMARY 1O FRINTER

18100 RETURN

1820 REM FRINTING TO LINE PRINTER 403 uasvastretssssnadanstedesiiaeinses

18202 1F OUTCKOICE=2 THEN 60TO 1B300 ‘

18205 WIDTH *LPT1:"°,255

1R206 LPRINT CHRS(1S)

18208 1f PL=FLLL AND SL=SLLL OR looop=2 AND SL=SLLL THEN PRINT °SYSTEM PUMP POP HD ¥T LIFT MELLC LPCD";° * FLYARS; " "iSLVARS

18210 IF PL=PLLL AND SL=5LLL OR looop=2 AND SL=SLLL THEN LFRINT:LPRINT *SYSTEN FUNF FOF HD PF V1 LIFT WELLC  LPCD HFMS PCC ANFCTC  FPMIT ANPCC ANPCB  ANFCNB®;* ":PLVARS; " i SLVARS
1B212 PRINT *  *, T0ENTY;® *;FUNPE USING = B8R 84 LM 1 BRERL AR RRAL. R4 RAA8. 007 POF HD VT LIFT PRMELLC,LPCD,FL, SL

18218 LFRINT " °;10DENTS;" *;FUNPS USING * 988 B b &M MM RLE B Bt Rl M Rt uan lltl,0!':POP,HD.PF‘VY|L1FT,PRUELLC.PRLPED,T,PCC,GNPCTC,PHIC.ﬂN?CC,ANPEB,hNPCNB,P
L,SL,

18216 RETURN

18300 REM PRINTING TO 173 FILE ¢3¢Biaestasettsasdbes b ibetst bRt nasitssts

18301 IF PL=FLLL AND SL=SLLL DR Tooop=Z AND SL=GLLL THEN PRINT °SYSTEN PUNP  FOF HD VT LIFT WELLD LFCO":" *sPLVARY; - "1SLVARS

18302 PRINT *  “:IDENTS;* *;PUNPS USING * " 0 Ln ORI B0 E BEERE BORR M POP KL, VT,LIFY PRWELLC,LPCD,PL,SL

18303 IF PL=FLLL AND St=SLLL ORk looop=2 AND SL=SLLL THEN WKITE &1,°SYS" "P1® “FOF","HD*,*FF* *VT* *LIFT* “WELLL","LPCD*," T*," PCL",*ANFCIC*,* FMIC","ANPCC","ANFCB*,”ANPCNB® FLVARS ,SLVARS
18304 WRITE ¥1, IDENTS PUNPS,POF HD,PP YT, LIFY,PSHELLE,PRLPCD, T,PCL, ANPCTE, FHIL, ANPCT, ANFTE, ANFCNB,PL St

18310 RETURN

31000 REM SUB FOR HANDFUNPS ONLY CALCUALTIONS reveesassssrcivertrosstains

1010 IDENTS="HP® “SET TDENTIFICATION FOR PRINTING

21015 IF looop=0 THEN 31050

31020 FOR PL = PLLL YD PLUL STEP FLINC

21025 60SUB 52060 "SELECT VAR FOR PLIPRIMARY 1ooop)

31630 1F logop = | THEN GOTO 31050

31040 FOR SL = SLLL TO SLUL STEP SLINC

31042 GOSUR 3000 "SELECT VARIABLE ASSIGNMENT FOR SL

31050 1f (OPYIMIZES = *Y") THEN GOSUR 3000:60T0 31090

31060 60SUB 2000: GOSUR 2500 "FORMULA ASSIGNMENT

31070 60SUB 7000 "HAND PUMP COSTS

31080 GOSUB 10000 "HAND FUNP BENEFITS

11090 6OSUB 18000 FOR PRINTING OUT RESULTS

31095 IF looop=0 THEN RETURM 4
31190 IF looop=t THEN 80TQ 31120

31110 NEXT SL

TS RE

31120 NEXT PL

130 RETURN

J1200 REN

32000 REM SUB FOR STANDPIPE CALCULATIONS svrestsrersesrsccsstsnietes

32010 IDENT$=°SP* 'SET IDENTIFICATION FOR FRINTING

32020 IF looop=0 THEN 32080

12030 FOR FL = PLLL TO PLUL STEF PLINC

12040 S0SUB 52000 'SELECT VAR FOR PL(FRIMARY looop}

32050 IF looop = | THEN 60TD 32080

32060 FOR SL = SLLL TO SLUL STEP SLINC

12070 60SUB 53000 "SELECT VARTABLE ASSIGNMENT FOR SL

32080 IF (DPTIMIZES = *Y*) THEN 6OSUB 3000:60TD 32130

32090 GOSUB 2000:GOSUB 2500 "FORMULA ASSTGNMENT

32100 GOSUR 40100 "CALCULATE SOURCE COSTS

72110 605UB 7500 "CALCULATE CONVEYANCE COSTS PIPE AND CARRY

32120 60SUD {0500 'STANDPIPE BENEFITS

32130 GOSUB 18000 'FOR PRINTING QUT RESULTS

12140 1F fooop=0 THEN RETURN

12159 IF looop=1 THEN BOTQ 32180

32160 NEXT SL

32180 NEIT Pl

72190 RETURN

.
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ote lDENlt:'Y]' ‘SET IDENTIFICATIUN Fur rrlRTine

13020 IF looop=0 THEN 33090

27030 FOR FL = PLLL TO FLUL STEP PLINC

5049 BOSUB 52000 "SELECT VAR FOR PLIPRIMARY looop)

313650 1F looop = | THEN BOTO 32090

27060 FOR SL = SLLL TD SLUL STEP SLINC

33070 60SUB 97000 "SELECT VARIABLE ASSIGNMENT FOR SL

35090 EOSUR 2000:G0SUE 250C "FORMULA ASSIGNMENT

33100 GOSUR 40100 "CALCULATE SGURCE CRSTS

33110 BOSUB BOCO "CALCULATE CONVETANCE COSTS

33120 GOSUR 11600 "YARD TAF BENEFIIS

33130 60SUL 18000 FOR PRINTING DUT RESULTS

33140 IF looop=) THEN RETURN

33150 IF looop=t THEN GOTO 33180

13160 NEXT SL

33470 REM

33180 NEXT PL

3390 RETURN

34000 REM THIS SECTION EXECUTES THE HANDFUMFS & STANDPIPES RUN
34020 6OSUB I1000 "EXECUTES THE HAND PUNFS SECTION

34030 60SUB 32000 "EXECUTES THE STANDPIPES SECTION

34050 RETURM

35000 REM TH1S SECTION EXECUTES THE HANDFUMPS b YARD TAPS RUN
75020 6OSUB 31000 EXECUTES THE HAND PUNPS SECTION

35025 LET ANPCHC=0

35030 6OSUB 13000 "EXECUTES THE YARD TAPS SECTION

35050 RETURN

36000 REM THIS SECTION EXECUTES THE STANDPIPES % YARD TARS FUN
36020 B0SUB 32000 "EXECUTES THE STANDFIFES SECTION

6023 LET ANPTHC=0

36030 SOSUR 33000 ‘EXECUTES THE YARD TAPS SECTION

16050 RETURN

37000 REM THIS SECTION ERECUTES THE HANDPUMPS & STANDPIPES % YARD TAPS RUN
37020 GOSUB 31000 "EXECUTES THE HAND PyMPS SECTION

37030 B0SUB 320¢0 "EXECUTES THE STANDPIPES SECTION

37035 LET ANPCHC=0

32040 BOSUB 33000 'EXECUTES THE YARD TAPS SECTION

37060 RETURN

38000 REM THIS 1S THE SUBROUTINE FOR TRADEOFF LINES DF NET BENEFIT RATIOS
18050 REM SUBROUTINE FOR NET BENEFIT RATIO CALCULATIONS
38055 LET OPTIMIIES = °Y* "SET OPTIMIZATION FLAG

18040 FOR pairtoop =1 10 3

38065 LET FIRSTIMES = °Y*

IB070 IF pairloop = ) THEN HFSPFLAG = §:HPYTFLAG = 0:SFYTFLAG =
7B0BO IF pairtoop = 2 THEN HPYTFLAG = 1:KPSPFLAG = 0:SPYTFLAG =
I8C90 IF parrloop = 3 THEN SPYTFLAG = 1:HPSPFLAE = 0:HPYTFLAG =
18100 IF looop = 0 THEN BOTO 38150

38110 FOR PL = PLLL TO PLUL STEP PLINC

3812 60SUB 52000 "SELECT VARIABLE FOR FRIMARY lcoop
38130 If logop = 1 THEN 60T0 28150

IBH40 FOR SL = SLLL 10 SLUL STEP SLINC

38145 60SUB 53000 "SELECT THE SECONDARY looop VARIABLE
18150 GOSUB 12000 "THE SYBROUTINE FOR CALCULATING THE TRADEOFF POINTS

18160 IF locop = 0 THEN GOTO 33210

18170 IF looop = 1 THEN 607D 38200

38180 NEXT SL

1B200 NEXT PL

39210 NEXT pairlocp

19220 RETURN

19000 REM THIS 1S THE SUBROUTINE FOR SWITCHING VALUES OF NET BENEFITS

39005 PRINT:FRINT

39010 PRINT *DO YDU WISH 1O RUN SWITCHING VALUES FOR JUST HANDPUMPS®

39015 PRINT: [NPUT "INPUT | FOR JUST WP OR 2 FOR ALL THREE®:HPSWVAL

30020 IF HPSWVAL -0 AND HPSKVAL <3 THEN 5070 39455 ELSE PRINT °INVALID TNPUT®:60T0Q 39000
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J9060 FOF palctoop =1 # 3

19065 LET FIRSTINES = “y"

19070 IF pairloop = | THEN [DENT$="HP"

39280 IF pairloop = 2 THEN IDENT$:="SP°

39090 IF pairloop = 3 VHEN IDENT$=°YI"

37100 iF looop = O THEN 607D 39150

39110 FOR FL = PLLL 1O PLUL SYEP PLINC

19120 605UB 52000 "SELECT VARIABLE FOR PRINARY looop

19130 IF 1ooop = t THEN GOTO 39150

39140 FOR SL = SLEL T0 SLUL STEP SLINC

39145 G0SUB 53000 "SELECT THE SECONDARY looop VARIABLE

39150 60SUB 13000 "THE SUBROUTINE FOR CALCULRTING YHE TRADEOFF PDINTS
39160 If looop = O THEN 6010 39210

39179 1F logop = 1 THEN GOTO 39200

39180 NEXT SL

39200 NEXT PL

19210 IF HPSWVAL = | THEN pairloop = 3

39211 NEXT pairloop

39220 RETURN

40000 REM THIS 1S THE PROMPTING SECTION FOR TYPE OF SOURCE #ssesesassss
40005 CLS

40010 PRINT:PRINT

4020 FRINT *YOU HAVE THE FOLLOWING MECHANIZED PUMPING OPTIONS:*

40030 PRINT
40040 PRINT
40050 FRINT
10040 FRINT
40070 PRINT "&-----ccvovmcnnes WIND MILL--------venm 4

40075 FRINT:PRINT

40080 INFUT "SELECT 1, 2, 3, DR &: *;PUMPTYPE

40090 [F (FUMPTYPE ; O} AND (PUMFTYFE < 51 THEN 6070 40097 ELSE FRINT “INVALID INPUT®:60T0 4C08C
40097 RETURN

40100 REN VALID INPUT FOR PUMPTYPE #4334 Reasrtitsdssssiestasstsny

40110 IF (PUMPTYPE = 1) THEN GOSUB 4500 'ELECTRIC SOURCE

40120 JF (PUMPTYPE = 2) THEN 6DSUB 5000 "DIESEL SOURCE

40130 IF (PUNPTYPE = 3) THEN GOSUB 5500 "SOLAR SOURCE

40140 IF {FUNPTYPE = 4) THEN GOSUB 5500 "MIND POMER SOURCE

40150 RETURN

41000 REN THIS IS THE PROMPTING SECTION FOR TYPE OF RUN #esatssssres

41005 CLS

41010 PRINT :PRINT

41020 PRINT °*YOU HAVE THE FOLLOWING RUN DPTIONS:®

41030 PRINT:PRINT

4033 PRINT ®l---srmmmemmmmmee HANDPUNP ONLY------ 1°

41040 FRINT ~GTANDPIPE ONLY-----2°

41045 PRINT -YARD TAPS ONLY------ 3

41050 PRINT -HANDFUNPS AND STANDPIPES----- LN

41055 PRINT *5--------~--ommoo HANDPUMPS AND YARD TAPS ----3"

41060 PRINT *4-------vvomnonmn STANDPIPES AND YARD TAPS ---6"

41065 PRINT -HANDPUMPS AND STANDPIPES AND YARD TAPS ---7°
41066 PRINT *B-----vooomoomae- OPTIMEZED NET BENEFITS RATI0S -SPECIAL RUN--B8°
41067 FRINT *9--- --oemoomenne NET BENEFIT SWITCHING VALUES -SPECIAL RUN--9°

41069 PRINT:PRINT

41070 INPUT °SELECT 1, 2, 3, &, 5, &, 7, B, OR 9: *;RUNCHDICE

41075 IF (RUNCHOICE > 0) AND (RUNCHOICE ¢ 10) THEN GOTO 410BC ELSE FRINT *INVALID INPUT*:6070 4107C
41080 IF (RUNCHRICE = ) DR RUNCHDICE > 7 THEN RETURN

41081 FRINT:FRINT

41083 PRINT *DD YOU WISH TD OPTINIZE HANDPUMP/STANDPIPE NET BENEFITS™"

41085 PRINT: INFUT *(Y/N)";0PTINIZES

41090 IF OPTIMIZES <> *Y" AND OPTIMIZES <) °N® THEN FRINT “INVALID INPUT, PLEASE TRY AGAIN":B0TD 41085
41095 RETURN

41100 REM VALID INPUT FOR RUNCHOICE #302uesaneetasnsdissbetissscssses

41105 PRINT;PRINT *PROCESSING INITIATED®:PRINT:PRINT
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21150 IF IRUPCHOICE = & THEN GOSUB 35000 "HANDFUNFS AND YARD TAFS
$1133 IF (RUNCHOICE = 6} THEN GOSUB 16000 "STANDPIFES AND YARD TAPS
41140 IF (RUNCHOICE = 7) THEN BOSUB 37000 "HANDPUMPS % STANDFIFES ANT YARD TAPS
41145 [F (RUNCHOICE = 8) THEN BOSUR 38000 "EQUALIZED NET BENEFIT RATIOS
41186 [F (RUNCHOICE = 9! THEN GOSUB 33000 "NET BENEFIT SWITCHING VALUES
41160 RETURN

42070 REM SELECT QUIFUT MODE

42010 REM THERE ARE FORK NOW THREE CHOICES

42015 CLS

42030 FRINT:FRINT:PRINT *YOU HAVE THE FOLLOWING DUTPUT CHOICES:®

42040 PRINT:FRINT

AZU50 PRINT *f ==nmreonoees SUMMARY T0 PRINTER ----=------- )
42060 PRINT *2 - -- SUMMARY 10 123 FILE -- e
42070 FRINT 3 --=----~=--~ DETAILS 10 PRINTER ¥

42080 FRINT:PRINT

42090 INPUT “SELECT OUTPUT CHOICE 1, 2, OR 3: *;OUTCHOICE

42100 IF (DUTCHDICE >=1) AND fOUTCHDICE <4) THEN 6OTQ 42110 ELSE PRINT *INVALID INPUT PLEASE TRY ABAIN®:GOTQ &20%¢
42110 IF (DYTCHOICE = 2) THEN BOTO 42115 ELSE RETURN

42115 INPUT "FOR 123 DUTPUT PLEASE ENTER DREVE AND FILENANE - B:RUN].FRN -*iF$

42120 OPEN F$ FOR APPEND AS 81 'F$ IS THE DRIVE,FILEMAME AND FILETYPE

42130 PRINT:PRINT °YOU MAY ENTER A COMMENT FOR THE FIRST LINE OF THE 123 FILE"

42150 FRINT: INPUT “PLEASE INPUT YOUR COMMENT®;CMT123$

42160 WRITE #1,CNT123$

42170 RETURN

43000 REM THIS SUB 1S FOR ALLOWING CHANGES IN BASE CASE VARIRBLES AND FLAGS

45010 REM TO ALLOW EASIER USE OF THE COMPILED VERSION QF THIS PROGKAM

43020 REN

45035 PRINT:PRINT:PRINT *DO YOU WISH YO SET ANY INDIVIDUAL DEFAULT VARIABLES OR FLABS?":PRINT
45040 INPUT *(Y/N)";SETVARS

45050 IF SETVARS {3 °Y" AND SETVARS (1 °N* THEN PRINT CHR$(7):CLS:PRINT:FRINT:FRINT "INVALID INPUT, FLEASE ENTER
45040 TF SETVARS ="N* THEN RETURN

45082 CLS

45065 PRINT °LIST OF VARJABLES AND THEIR SETTINGS®

45070 §05UB 43000

45072 PRINT *PLEASE ENTER THE VARIABLE NAME. (UPPER CASE ONLY)":INPUT *VARIABLE™":SETS
45075 IF SET$ = “OTHER® THEN GOSUB 43500 ELSE GO 10 45080

43350 PRINT *PLEASE ENTER THE VARIRBLE NANE, (UPPER CASE ONLYI®:INFUT “"VARIABLE™":SETS
45080 60 T0 45378

43000 REM THIS SECTION IS FOR DISPLAYING SCREENS OF VARIABLES

43090 FRINT

43130 PRINT * POP=";POF;°-VILLAGE POFULATICN®

43175 FRINT * FSITE=";FSIIE;"-FANILY SIIE*

43140 FRINT * HD=";HD;~ -HOUSING DENSITY"

43145 PRINT ® LIFT=";LIFT;* -PUNPING LIFT (m°*

43160 PRINT USING ° DISTO=#448 -DISTANCE 70 OLD SOURCE (M)*;DISTO

43170 PRINT * VI=*;VT;"-VALUE OF TINE ($/HR)*

43175 PRINT * MELLC=";MELLL;" -WELL COSY ($)°

43180 PRINT * NHPF=";NHP;°-NUMBER OF HANDFUMPS*
43185 PRINT * NSP=";NSP;"-NUNBER OF STANDPIPES"

31190 FRINT ° CPHF=";[PHP;" -COST FER HANDPUNP ($)°
43192 PRINT * CPSP=";CFHP;™ -SP + DRAINAGE COST i$/SP}°

43195 FRINT

43200 PRINT * LFCD=";LPCO;"-LPCD AT NEW SOURCE (LPCDY*

3210 PRINT * LPCDO=";LPCDO;" -LPCD AT QLD SOURCE (LPCDI®

43250 PRINT * 1=";1;"-DISCOUNT RATE (PERCENT)®
43255 PRINT
43100 FRINT ° OTHER- SELECT THIS FOR LIST OF ADDITIONAL VARIABLES
43305 FRINY
43310 FRINT
43370 RETURN
43500 REM THIS SECTION 15 FOR OTHER VARTABLES
43505 CLS
43510 PRINT “THIS 1S A L1ST OF APDITINNAL VARTAPIES®
47E30 pRINT

Y OR N,

{USE UPPER CASE ONLY)®:PRINT:PRINT:GOTD 45035
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43572 FRINT " CPMPIOE="mCPUPIPE; *-DISTRIRUTION PIPE ($/M) CFALAT=";CFMLAT; "-HOUSE LATERAL PIFE ($/M)"
3534 PRINT USING *eLPIPE=483% -TOTAL DIST PIFE LENGTH (Mi eLLAT=488% -LATERAL PICE LENGTH (M/LAT)";LPIPE;LLAT LI
43536 PRINT USING "«DISTHP=888 -TISTANCE TO HANDPUMP (M)  «DISTSP-#88 -DISTANCE TO STANDPIPE (M)";DISTHF;DISTSP
43545 FRINT USING "+QUEHF=¥3 -QUEUE TIME AT HP (MIN/TRIP) sQUESF=88 -QUEUE TINE AT SP (MIN/TRIF)®;CUEHP; QUESP
43550 PRINT ™ DELHF=";DELHP;" -DELIVERY OF HP (LITERS/MIN) DELSP=";DELSP;° -DELIVERY OF SF (L/MINUTE)®
43535 PRINT USING " CFYT=098 -YT COST INCL. DRAINABE ($/YT) TYT=#4% -TINC AT YARD TAF (MINUTES)®;CPYT;T¥T
43969 PRINT " DIESELC=";DIESELC;"-DIESEL FUEL COST ($/LITER) ELFOWERC="ELPOMERC;"-ELECTRICITY COST ($/KNK)®
43365 FRINT ° LIFEME=";LIFEME;*-LIFE DF MECH EQUIP (YR) INS="; INS;*-SOLAR INSOLATION (KWH/M2/DAY)®
43570 PRINT * LIFENME=";LIFENNE;"-LIFE NDN-MECH EQUIF (YR)  CPFWATT=";CPPWATT;"-50LAR ARRAY COST ($/WF)°
43580 PRINT ° DNFE=";OMME;*-O%N MECH EQUIP (Y CAP COST!  v=";V¥:"-AVERAGE WIND SPEED (M/SEC)®
43585 PRINT * DNNME=";OMNME;"-0%M NON-MECH EQUTP (X CAP) WATTS=";WATTS;"-PONER INPUT 10 HF {MATTS)"
43595 FRINT ° HRPUMP=":;HRPUMF;® - HOURS OF PUNPING TIME #SOLARPVC=";SOLARFVC; " -COST OF PV ARRAYS ($)°
3610 PRINT ° DSLEFf=";QSLEFF;* -DIESEL EFFICEINCY (1) AHEW=";AHPW; "ATTENDANT HOURS PER WEEK®
43620 PRINT * CAPSUB=";CAPSUB;"-CAFITAL SUBSIDY(0=FULL,1=ND) EXRATIO=";EJRATIO0;"-NET BEN RATIO (OFTION 9)°
43630 PRINT * 0TPCR=";0TFCH;" -OTHER PER CAPITA BENEFITS ($/CAF/YERR)®
42440 PRINT
43645 FRINT * f+) NORMALLY CALCULATED BUT CAN BE SET®
43650 PRINT
43640 RETURN
435375 REM THIS SECTION 1S FOR SELECTING AND SETTING THE CHOSEN VARIABLES
45376 REN
43380 IF SET$="POP* THEN INPUT *PLERSE ENTER THE NEM VALUE FOR POP?*;POP:POPFLAG = 1:607D 45020
45390 IF SET$=°VT* THEN INPUT °PLEASE ENTER THE NEW VALUE FOR VT PRINT*;VT:VIFLAG = 1:60T0 45020
45400 IF SET$="HD" THEN INFUT *PLEASE ENTER THE NEW VALUE FOR HD™";HD:HDFLRG = 1:6070 45020
45402 IF SET$="FSIZE® THEN INFUT “PLEASE ENTER THE NEW YALUE FOR FSI2E®;FSIZE:FSIZEFLAG = 1:6070 45020
#5420 IF SET$="LIF1* THEN INPUT "PLEASE ENTER THE NEW VALUE FOR LIFT?";LIFT:LIFIFLAG = 1:607D 45020
45430 1F SET$="1" THEM INPUT "PLEASE ENTER THE NEW VALUE FOR [7";1:1FLA6 = |:60T0 45020
45440 IF SET$="LPCD" THEN INPUT °PLEASE ENTER THE NEM VALUE FOR LPCD";LPCD:LET LPCDFLAB = 1:G0TD 43020
45442 IF SET4=QTPCB® THEN INPUT "PLEASE ENTER THE NEW VALUE FOR OTPCB®;0TPCB:QTPCRFLAG = 1:60TD 43030
45450 IF SET$="LIFEME" THEN INPUT *PLERSE ENTER THE NEW VALUE FOR LIFEME";LIFEME;LIFEMEFLAG = 1:507T0 45020
45452 1F SET$="LIFENME" THEN INPUT °PLERSE ENTER THE NEN YALUE FOR LIFENNE®;LIFENNE:LIFENMEFLAG = 1:5070 45020
45470 1F SET$="HRPUMP® THEN INPUT *PLEASE ENTER THE NEW VALUE FOR HRFUMP";HRPUMP:HRPUMPFLAG = 1:6070 45020
45490 1F SET$="V* THEN INPUT "PLEASE ENTER THE NEM VALUE FOR V°;V:VFLAB = 1:60T0 45020
45500 1F SET$="QUEHP* THEN INPUT °*PLEASE ENTER THE NEW VALUE FOR QUEHP";QUEHF:QUEFLAG = 1:6070 43020
45505 IF SET$="QUESP" THEN INFUT *PLEASE ENTER THE NEW VALUE FOR QUESP“;QUESP:QUEFLAG = 1:G0TD 45020
45510 1F SET$="ELPOWERC" THEN INPUT *PLEASE ENTER THE NEW VALUE FOR ELPONERC®;ELPONERC:ELPONERCFLAG = 1:6070 43020
45530 IF SET$="DIESELC* THEN INPUT °PLEASE ENTER THE NEW VALUE FOR DIESELC";DIESELC:DIESELCFLAB = 1:60T0 45020
45532 1F SET$="DELHP" THEN INPUT °*PLEASE ENTER THE NEN VALUE FOR DELHP*;DELHP:DELFLAG= 1:6070 45020
45523 1F SET$="DELSP" THEN INPUT °"PLEASE ENTER THE NEW VALUE FOR DELSP";DELSP:DELFLAG= 1:6070 45020
45534 [F GET$="OMME® TREN INPUT *PLEASE EMTER THE NEM VALUE FOR OWME®;OMME:QMMEFLAG = 1:60T0 45020
43540 IF SET$=°CFHP* THEN INFUT “FLEASE ENTER THE NEW VALUE FOR CFHP";CPHF:CPHFFLAG = 1:G6010 45020
45542 IF GET$="CPSP* THEN INPUT °PLEASE ENTER THE NEW VALUE FOR CPSF";CPSP:CFSPFLAG = 1:5070 4502¢
43344 IF SET$="CPYT" THEM INPUT “PLEASE ENTER THE NEW VALUE FOR CPYT*;CPYT:CPFYTFLAG = 1:6010 4S020
45546 IF SET$="INS® THEN INPUT *PLERSE ENTER THE NEW VALUE FOR [NS®;INS:INSFLAB = 1:5070 45020
43550 1F SETS="OMNME® THEN INPUT “PLEASE ENTER THE NEW VALUE FOR ONNNE®;OMNME:OMNMEFLRG = 1:607D 45020
43560 1F SET$=*DIST0" THEN INPUT °PLEASE ENTER THE NEN VALUE FOR DISTO*;DISTO:DISTOFLAG = {:60TD 45020
45570 If SET$="WATTS™ THEN INPUT *PLEASE ENTER THE NEW VALUE FOR WATTS™;WATTS:LET WATISFLAG = 1:607T0 45020
45580 1F SET$="DISTHR" THEN INPUT °"PLEASE ENTER THE NEN VALUE FOR DISTHP;DISTHP:LET DISTFLAB =1:60TD 45020
45587 IF SET$="DISTSP® THEN INPUT *PLEASE ENTER THE NEW VALUE FOR DISTSP®;DISTSP:LET DISTFLAG =1:60T0 45020
45592 1f SET$="NHF" THEN INPUT *PLEASE ENTER THE NEW VALUE FOR NHP*;NHPSET:LET NHPSETFLAG = 1:LET NHP=NHPSET:50T0 45020
45594 1F SET$="NSP® THEN INPUT °*FLEASE ENTER THE NEW VALUE FOR NSP®;NSPSET:LET NSPSETFLAG = 1:LET NSP=NSPSET:G0T0 45020
45595 IF SET$="EXRATID" THEN INPUT °FLEASE ENTER THE NEW VALUE FOR EXRATID®;EXRATIC:EXRATIOFLAG = 1:607T0 45020
45600 IF SET$="CAPSUB* THEN INFUT *PLEASE ENTER THE NEW VALUE FOR CAFSUB™;CAPSUB:CAPSUBFLAG = 1:60T0 45020
45682 IF SET$="BLSTORAGE® THEN INPUT "PLEASE INPUT THE NEW VALUE FOR BCSTORAGE";BCSTORASE:BCSTORAGEFLAG = 1:6070 45020
45684 IF SET$="CFPWATI® THEN INPUT °FLEASE INPUT THE NEN VALUE FOR CPPWATY®;CPPWATT:CPPNATIFLAG = 1:6070 45020
45685 1F SEV$="WMILLC® THEN INPUT "PLEASE INPUT THE NEW VALUE FOR WMILLC®:WMILLC:WMILLCFLAG = 1:80 10 45020
45686 IF SET$="CPMLAT™ YHEN INFUT °PLEASE INPUT THE NEW VALUE FOR CPMLAT";CPMLAT:CPMLATFLAG = 1:60T0 45020
45688 IF SET$="CFNPIPE* THEN INPUT °PLEASE INPUT THE NEW VALUE FOR CPMPIFE®;CPNPIPE:CPNPIFEFLAG = 1:6070 45020
45680 F SET$="STORLIFT* THEN INPUT "PLEASE IKPUT THE NEW VALUE FOR FRICTION LOSS ¢+ STORAGE LIFT®;STORLIFT:STORLIFTFLAG=1:6070 45020
45691 1F SET$="GTORAGE* THEN INPUT *PLEASE INPUT THE NEW VALUE FOR STORABE (STORAGE VOLUME/B)";STORAGE:STORAGEFLAG=1:G0TD 45020
45692 1F SET$="DSLEFF* THEN INFUT *PLEASE INFUT THE NEW VALUE FOK DSLEFF (DIESEL EFFIC)";DSLEFF:DSLEFFFLAG=1:60T0 45020
45693 IF SET$="AHFN" THEN INFUT °*PLEASE INPUT THE NEW VALUE FOR AHPW (ATTENDANT HOURS FER WEEK)*;AHPW:AHPNFLAG=1:G0TD 45020
45698 IF SET$="TYT" THEN INPUT *PLEASE INPUT THE NEW YALUE FOR TYT (T[ME AT YARD TAP)*;TYT:TYTFLAB=1:50T0 45020
4SAQT IF SET$="LFCDO" THEN INENT CPLEASC INFUT THE NEW VALUE FOR LFCDO (OLD SOURCE LFCD)®:LPCDO:LPCDOFLAG=1:60T0 45020
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A567E IF SETHR'GOLARPU THEN INFUT "FLEASE INFUT THE NEW VALLE FCR FRICTION LOSS + STORAGE LIFT®;SOLARFNC:SOLARFVCFLAB=1:601D 45020
43688 IF SET$="LFIFE® THEN INPUT °FLEASE INFUT TRE NEW VALUE FOR FRICTION LDSS + STORAGE LIFT*;LPIFE:LPIFEFLAG=1:60TD 150
43700 IF SET$="STORC" THEN INPUT °PLEASE INPUT THE NEM VALUE FOR FRICTION LOSS + STORAGE LIFT";STORC:STORCFLAG=1:60T0 45020
45701 1F SETS="LLAT® THEN INFUT °PLEASE INFYT THE MEW VALUE FOR FRICTIOM LOSS + STORAGE LIFT*;LLAT:LLATFLAG=1:GD10 45020

45710 REM

45720 CLS:FRINT:FRINT:FRINT °UNARLE TD FIND YDUR VARIAELE, FLEASE TRY AGAIN.®

45730 PRINT CHR$17):60T0 45035

30170 REM

50200 REM THIS SUBROUTINE 1S FOR CHODSING THE THE TYPE OF LOOFING

90202 KEM SELECT WG LOGPING, PRIMARY LDOPING, DR SECONDARY LDOFING

205 PRINT:FRINT

0207 (LS

SOINB PRINT:PRINT

SOZ10 PRINT "SELECT THE TYPE OF LODOPING YOU WISH®

90215 PEINT:FRINT

50230 PRINT "---vmmmnmmmenes KD LOOPING"
50240 FRINT *f------omvoonenns SINGLE LOOFING"
S0260 PRINT #2---evvmmnnovocnn DOUBLE LOOPING®

50262 FRINT:FRINT

50270 INFUT °SELECT 0, 1, OR 2: °;loocop

90275 IF Jooop=0 THEN RETURN

50280 1F (looop>0) AND tlooop (3) THEN GOTO 50500 ELSE PRINT "IMVALID INFUT FLEASE TRY AGATN*:G0TD 50770
50500 REM “SFECIFY THE FRIMARY LOOPING VARTABLE®

50510 CLS

50515 PRINT "THIS IS A LIST OF THE VARIABLES FOR LOOFING AND THEIR CURRENT VALUES®
50516 GOSUB 43000 "DISPLAY FIRST SCREEN OF VARIAELES

0630 PRINT

50650 INPUT "SELECT ONE OF THE ABOVE VARTABLES FOR PRIMARY LODF: “:PLVARS
50652 If PLUARS="QTHER" THEN GOSUB 43300 ELSE 60 TO 50640

50634 INPUT °SELECT ONE OF THE ABOVE VARIABLES FOR PRIMARY LOOF: *;FLVARS
50660 INPUT °SELECT LOMER LIMIT: “;PLLL

50670 INPUT *SELECT UPPER LIRIT: ";PLUL

50680 INFUT "SELECT INCREMENT:  “:PLINC

50690 IF looop=1 THEN RETURN

51500 REM "SFECIFY THE SECONDARY LOOFING VAR1ABLE"

51510 CLS

51515 PRINT *THIS 1S A LIST OF THE VARIABLES FOR LOOPING AND THEIR CURRENT YALUES®
51520 60SUB 43000 * DISPLAY THE FIRST SCREEM OF VARIABLES

51530 FRINT

S1558 INPUT *SELECT DNE OF THE ABOVE VARIABLES FOR SECONDARY LOOF: °:SLVARS
51652 IF SLVARS = FLVARS THEN PRINT "SECONDARY LOOP MUST BE DIFFERENT THAN PRIMARY LOOF PLEASE TRY AGAIN®: GOTD 51558
51134 IF SLVAR$="DTHER® YHEN 60SUB 43500 ELSE 60 TO S1s60

51196 INPUT °SELECT ONE OF THE ABOVE VARIABLES FOR SECONDARY LOOF: ";SLVARS
51660 INFUT *SELECT LOMER LIMIT: °;SLLL

S1670 INPUT °SELECT UPFER LIWIT: *;SLUL

51680 INFUT "SELECT INCREMENT:  *:SLINC

51690 RETURN

52000 IF FLVARS = "POP" THEN POP = PL:POPFLAB = 1:RETUSN

52010 IF PLVARS = "VT1* THEN VT = FL:VIFLAG = t:RETURN

52020 IF FLVARS = "HD* THEN WD = PL:HDFLAG = 1:RETURN

52022 IF PLVARS = “FSITE® THEN FSIZE = PL: FSIZEFLAG = 1:RETURN

52040 IF PLVARS = "LIFT® THEN LIFT = PL:LIFTFLAG = 1:RETURN

52050 IF PLVARS = *1" THEN T = PL:LET 1 = 1/100: IFLAG=1:RETURN

52060 1F PLVARS = "LPCO" THEN LPCD = PL:LET LPCDFLRS = 1:RETURN

52042 IF PLVARS = °OTPCB" THEN OTPCB = FL:OTFCBFLAG = 1:RETURN

52070 IF FLVARS = “LIFEME® THEN LIFEME = PL:LIFEMEFLAG = 1:RETURN

52072 IF PLVARS = “LIFENME® THEN LI1FENNE = FL:LIFENMEFLAG = 1:RETURN

52090 1F PLVARS = "HRPUMP® THEN HRFUMF = PL:HRFUMFFLAG = 1:RETURN

52110 1F PLVARS = °V* THEN v = PL:VFLAG = 1:RETURN

57120 IF PLVARS = "QUEHP* THEN BUEHP = PL:LETY QUEFLAG = 1:RETURN

52130 1F PLVARS = *ELPONERL® THEN ELFONERC = PL:ELPOMERCFLAG = 1:RETURN
52140 1F PLVARS = “QUESP® THEN QUESF = PL:LET QUEFLAG =!:RETURN

32150 IF PLVAR$ = "DIESELC® THEN DIESELC = PL:DIESELCFLAG = 1:RETURN

52160 IF PLVARS = *DISTHF® THEN DISTHP = PL:LET DISTFLAG = 1:RETURN
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52155
52197
2159
5170
sun

2180
182
52:87
52188
52185
52150
52193
32200
37210
s
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92235
32240
s
J2242
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*Cos® THEN CFSP = FL:CPSFFLAG = L:RETURN

"CPYT® THEN CPYT = PLICPYTFLAG = 1:RETURN

"GMKME™ THEN OMNME = PL:LET OWNNME = OMNME/100:OMNMEFLAB = 1:RETURN
"OMME" THEN OM®E - PL:LET ONME = DMME/L(C:OMMEFLAB = 1:RETURN
“DISTC™ THEN DISTD = FL:DISTOFLAE = 1:FETURN

"NATTS® THEN WATTS = PL:LET WATTSFLAG = 1:RETURN

"NHF* THEN NHFSET = FL:LET NHFSETFLAG = 1:RETURN

"NSF* THEN NSPSET = PL:LET NSFSETFLAG = 1:RETYRN
"CAPSUR® THEN LET CAFSUB = PL:CAPSUBFLAG = 1:RETURN
"EXRATIO® THEN EXRATIO = FL:EXRATIOFLAG = 1:RETURN
"CPMLAT® THEN CPNLAY = FL:CPMLATFLAG = 1:RETURN
"CFMFIFE® THEN CPMFIPE = PL:CPMFIPEFLAG= 1:RETURN
“BCSTURAGE® THEN BCSTORAGE = PL:BCSTORAGEFLAG = J:RETURN
"CPPNATT™ THEN CPPMATT = PL:CPFWATTFLAG = 1:RETURN
*WNILLC® THEN WRILLC = FL: WHILLCFLAG = 1:RETURN

"INS* THEN INS = PL: INSFLAG = 1: RETURN

“STORLIFT® THEM STORLIFT = PL: STORLIFYFLAG = 1:RETURN
"STORAGE™ THEN STORAGE = PL: STORAGEFLAG = 1:RETURN
“DSLEFF" THEN DSLEFF = PL: DSLEFFFLAG = 1:RETURN

"RHPW® THEN AHPN = PL: AHFWFLAG = 1:RETURN

“TYT™ THEN TYT = PL; TYTFLAG = 1:RETURN

*LFCDO"® THEN LFCDO = PL: LPCDOFLAG = 1:RETURN

"NELLL® THEN WELLC = PL: WELLCFLAG = 1:RETURN

“FUNRC® THEN PUMPC = PL: PUMPCFLAG = [:RETURN

“"STORC® VHEN STORC = PL: STORCFLAG = 1:RETURN

"SOLARFVC™ THEN SOLARFVE = PL: SOLARFVCFLAG = §:RETURN
*LFIPE® THEN LFIPE = PL: LPIPEFLAG = I:RETURN

*LLAT" THEN LLAT = PL: LLATFLAG = 1:RETURN

FRINT *MATCHING VARIABLE FOR PRIMARY LOOF NOT FOUND™:GOTO 811
RETURN
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“POP® THEN POP = SL:PDFFLAT = }:RETURN

"VT* THEN VT = SL:VIFLAG = 1:RETURN

“HD* THEN HD = SL:HDFLRG = 1:RETURN

"FSIIE® THEN FSIZE = SL:FSIZEFLAG = 1:RETURN

*LIFT® THEN LIFY = SL:LIFTFLAG = 1:RETURN

“I' THEN I = SL:LET | = 1/100: 1FLAG=1:RETURN

"LPED® THEN LPCD = SL:LET LPCDFLAG = 1:RETURN

*0TPCB® THEN OTPCB = SL:OTPCBFLAG = 1:RETURN

"LIFEME" THEN LIFEME = SL:LIFEMEFLAB = 1:RETURR
"LIFENME® THEN LIFENME = SL:LIFENMEFLAG = 1:RETURN
"HRPUNP" THEN HRPUNP = SL:HRFUMPFLAG = L:RETURN

“Y* THEN ¥ = SL:VFLAG = 1:RETURN

"BUEMP® THEW QUEHP = SL:LET QUEFLAG = 1:RETURN
“ELFONERC® THEN ELFOMERC = SL:ELFOMERCFLAG = 1:RETURNM
"QUESP® THEN QUESF = SL:LET QUEFLAG =1:RETURN
"DIESELL" THEN DIESELC = SL:OIESELCFLAG = 1:RETURN
“CPHE* THEN CPHP = SL:CPHFFLAG = 1:RETURN

"CPSP* THEN (PSP = SL:LPSPFLAG = 1:RETURN

*TFYT® THEN CPYT = SL:CPYTFLAS = 1:RETURN

"DISTHF* THEN CISTHP = SL:LET DISTFLAG = 1:RETURN
“DISTSF™ THEN DISTSP = SL:LET DISTFLAG = 1:RETURN
"OMNME® THEN ONNME = SL:LET ONNME = OMNME/100:QMNMEFLAG = 1:RETURN
"OMME® THEN OMME = SL:LET OMME = OMME/100:OMMEFLAG = L:RETURR
*BISTO™ THEM DISTO = SL:DISTOFLAG = 1:RETURN

*MATTS® THEN WATTS = SL:LET WATTSFLAG = 1:RETURN
“NHP™ THEN NHFSET = SL:LET KHPSEIFLAS = 1:RETURMN
"NSP* THEN NSPSET = SL:LET NSPSETFLAG = 1:RETURN .
°CAPSUB" THEN LET CAPSUB = SL:CAFSUBFLAG = I:RETURN
“EXRATIO® THEN EXRATID = SL:EXRATIOFLAG = J:RETURN
"CPNLAT® THEN CPMLAT = SL:CPMLATFLAB = L:RETURN
*CFRPIPE® THEN CPMPIPE = SL:CPMPIPEFLAG= 1:RETURN
"BCSYORAGE® THEN BCSTORAGE = SL:BCSYORAGEFLAG = 1:RETURN
*CPPUATT™ THEN CFPNATT = SL:CPPYATTFLAB = 1:RFTURN
CUMTIYTT THEN RPTIIC = ) WMILSCELAG = |:RETIFN



