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ABSTRACT

The thermal pollution problem of a nuclear reactor electrical
generating facility can be eliminated if an economical, productive
use for the waste heat can be found. The computer program presented
here is designed to investigate the economic feasibility of utilizing
this waste heat to heat buildings. The program optimizes a district
heating network using the reactor's rejected heat and performs a
comparative analysis with a selected conventional heat rejection
system. The results indicate that the system is feasible only if
the reactor can be sited relatively close (5 miles) to an urban
center. Increasing national concern regarding thermal pollution
and recently enacted legislation will tend to make this system more
competitive so long as the current siting restrictions (about 10-12

miles) are not made more stringent.
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I. INTRODUCTION

The consumption of electrical power in the United States is
doubling about every ten years [30]1. To meet this increasing energy
demand, the use of nuclear powered generating plants is currently
considered by many to be the best solution. Among the many problems
that have developed with the use of nuclear powered generating
facilities is the increased thermal pollution from nuclear reactors
as compared to fossil fueled plants. Although this problem exists
in conventionally powered generating facilities, the nuclear powered
plant rejects from ten to fifty per cent more waste heat than its
conventionally powered counterpart.

The problem under consideration here is one possible solution
to the thermal pollution problem by a nuclear powered generating
plant. The heat rejected from a nuclear powered generating plant
is low energy waste heat because the prime, high energy steam is
used for electrical generation. If a practical use of this low
energy waste heat cen be developed and exploited, then this major
problem of nuclear powered generating plants can be solved.

A practical use of this low energy rejected heat is in a dis-
trict heating network. This use has been investigated by A. J. Miller
[22] and most dramatically by the Swedish experimental nuclear
reactor Agestaz. In both of these investigations, it has been de-
termined that, under proper conditions, the use of nuclear reactor
waste heat to heat buildings can be profitable. To date, however,

this scheme has not been utilized in the United States.

1. Numbers in brackets indicate references in bibliography.

2. 1In some references the designation ADAM or R3 are used.



The most significant disadvantage of the nuclear district
heating system is the requirement to provide continuous heat to the
system. An unscheduled shutdown of the reactor could cause serious
consumer relationships. However, because the current tendency in
the nuclear industry is to construct multiple reactor sites, the
solution to this problem is to design the nuclear plants such that
either plant could provide the base heating requirements of dis-
trict heating network. Further, the reliability problem can be
alleviated using conventional heat sources for peaking service
(with the additional capability of providing the base load require-
ments for short periods of time) as is done in the Agesta Plant.
(See Page 5.)

To further develop this use of nuclear reactor waste heat, the
digital computer program described herein has been developed to cost
optimize and economically analyze a district heat distribution net-
work. The program is designed for use by an electrical generating
facility that is considering the use of nuclear reactor power
generation. By supplying appropriate input data, the electrical
utility can determine the feasibility of installing a district heat

distribution system to remove the reactor's waste heat.



II. REVIEW OF LITERATURE

Probably the most frequently discussed topic in the United States
today is pollution -- smog, industrial pollution, automobile pollution,
radioactive pollution, and thermal pollution [21,24,30]. At the pres-
ent time there are numerous legal struggles in progress attempting to
stop the construction of industrial plants on pollution grounds or to
cause the shutdown of existing plants because of excessive pollution.
In addition to the legal struggles, there is a newly enacted law (The
National Environmental Policy Act) which may bring about even more
dramatic legal action [21]. Further, Jaske [19] reported that grow-
ing national interest in the thermal and radioactive pollution prob-
lems could ultimately prevent the construction of nuclear reactor
generating facilities.

There are many proposed solutions to the thermal pollution prob-
lem. Among these are: 1. cooling towers [25], 2. natural convection
cooling ponds [20], 3. spray cooling ponds [25], 4. concurrent elec-
trical production and desalination [28], 5. use of waste heat for in-
dustrial processes [3], 6. melting of the Saint Lawrence Seaway in
the winter [6], 7. more efficient methods of sewage treatment [4],

8. heated irrigation water [2], and 9. district heating systems [6,13,
22,31]. The first three methods can cause a severe mist or fog under
certain weather conditions, particularly in the northern part of the
United States, and, in general, require a relatively large makeup
water supply. The next two require, in general, a higher energy
source than the waste heat from a nuclear reactor. The remaining
four have the disadvantage of being seasonal requirements. The

district heating system, however, can be used to provide air



conditioning [18] using an absorption air conditioning
plant.

The preliminary investigation by the United States into the
utilization of waste heat from nuclear generating plants for dis-
trict heating was conducted by A. J. Miller under an Atomic Energy
Commission contract [22]. The results of this investigation
revealed that if the nuclear reactor could be sited a reasonable
distance from an urban-industrial area (by a reasonable distance,
five miles is considered a maximum), then the installation of a
district heating network would be profitable.

In addition to Miller's investigation, the Swedish government
has constructed and successfully operated the Agesta heavy water
reactor in a district heating network [7,27,31]. The Agesta reactor
is a 65 Megawatt Thermal (MwT), dual purpose (10 Mw Electrical, 55
MwT) reactor designed to produce electrical power and to heat the
city of Farsta which is 10-15 miles from Stockholm. This reactor
has been in operation since about 1964.

The Agesta reactor is located about three miles from Farsta.
The justification for the proximity to the population center is that
the reactor is built underground. (In fact, the reactor is built
in a mountain under rock.) The district heating water from the
reactor ties into an existing district heating distribution system.
The nuclear reactor is designed to absorb the base heating load with
conventional plants assuming the peaking loads. This load distribution
is shown as Figure 1. The plant is shut down for maintenance in the
summer months [27]. A summary of the parameters of the Agesta

reactor are shown in Table I.
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TABLE I

PARAMETERS OF AGESTA

Rating

Type

Flowrate

Outlet Temperature
Return Temperature
Operating time

Make up water when
operating cooling towers

55 Mw Thermal

10 Mw Electrical
Pressurized, heavy water
moderated and cooled,

slightly enriched Uranium.

4,800,000 1bs./hour
160 to 240 degrees F
130 to 150 degrees F

5000 to 6000 hours/year

75 tons/hour



The economic performance of the Agesta reactor is not satisfactory
[27]. This statement is made, even with consideration given to the
reduction in size of conventional heat removal equipment, and the
advantages gained from lesser maintenance expenses. (The Agesta has
fully capable conventional heat removal system.) The problem with
Agesta, however, is not in the district heating concept. The economic
difficulties in Agesta are caused by severe losses of heavy water
(D20) from the primary plant. The replacement cost of the D20 has
led to the development of a pressurized light water reactor for dis-
trict heating [5].

The design, construction, operation and maintenance of district
heating systems have been under development and used for many years
[6]. Due to the volume of literature available dealing with these
systems, a summary of the opinions of several authors [8,9,16,20,32]
is presented:

1. The system should be installed underground.

2. A closed liquid system (e.g. water) should be used in
preference to steam.

3. Due to the corrosiveness of the environment, the piping
should be relatively corrosion resistant, insulated for protection,
and encased in a conduit with provision for conduit drainage.

4. Adequate duplication of equipment, manholes, isolation
capability, and instrumentation should be provided to increase the
system's reliability.

These guidelines were used to prepare the computer program. In
some cases, the user has the option of changing these guidelines. See

Appendix D for input instructions.



III. DISCUSSION

The logical starting point of the district heating system
analysis is at the heat source. A schematic diagram of a typical
power reactor and the reactor's heat rejection system is shown in
Figure 2. Figure 3 shows the heat rejection system for a typical
reactor plant that has a district heating network capability. Since
the systems are equivalent from the reactor to the condenser, for
the rest of this discussion, the heat source is considered to be the
condenser. Figure 3 shows that in addition to the district heating
network, a small heat rejection system (cooling tower, cooling pond,
etc.) would be installed. This would give the plant the capability
of following minor transient heat demands on the district heating
network while producing a constant amount of electrical power.

An automatic control system would sense the fluid temperature
to the district heating network and the inlet to the condenser. The
control system would then generate position commands for the auto-
matically controlled throttle valves in the pump suction and condens-
er discharge lines. This would distribute the flow to the district
heating network and to the tower to maintain the desired temperature.
Figure 4 shows a block diagram of a simple analog circuit that will
control the system as described above.
A. Simulation of Piping Network by an Electrical Circuit

The piping network that is proposed for installation as the
district heat piping network is simulated using an electrical circuit
to represent the network. The mass flowrate is treated as an elec-
trical current; pressure drops are treated as voltage drops; and

piping lengths, bends, traps, etc. are treated as resistors. Pumps
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are analyzed as voltage or current sources and the head losses, due
to the fluid passing through the buildings, are treated as series
resistors.

The principles used to accomplish this simulation are illustrated
using Figures 5 and 6. Figure 5 shows a piping system that might be
a typical, scale district heating system using a nuclear reactor's
waste heat. The reduction of this network to an electrical circuit
is shown in Figure 6. The current source is the representation of
the pump; R1 is the line loss from the reactor to the city; R2,R3,
R5,R7,R8, and R9 are the losses in the piping to and from buildings
2,3,5,7,8, and 9 of Figure 5; R4,R6,R10, and R11 are the losses in
the lines between building groups; and R12 is the loss from the city
back to the reactor.

Since the heating requirements for the buildings are known, one
can readily compute the mass flowrates (currents) required for each
building. A simple Kirchoff's node law application gives a mass
balance at the nodes. In addition, one can readily calculate the
pressure drops in each path of the network if one is given the size
of piping required. The details of the above outlined technique
are more fully explained in the next section and are illustrated by
means of an example on page 40,

B. Reduction of the Circuit

Once the physical space heating network has been simulated by
an electrical circuit, there is a reduction procedure that is employ-
ed to insure that:

1. All piping runs are optimized,

and
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2. No piping run has duplicate calculations performed.

To accomplish these objectives, the electrical network is step-by-
step reduced in the manner discussed below.

The basic principle used is that any linear, purely resistive,
two terminal electrical circuit can be simulated by an equivalent
circuit composed of a voltage or current source and an equivalent
resistance [10,17,23].

The reduction is accomplished by starting at the most distant
flowpath from the reactor and by step-wise reducing the network until
the entire system is optimized. This reduction is best illustrated
by using the example problem shown in Figure 6. The step-by-step
reduction is shown in Figure 7. This reduction technique is explain-
ed in more detail in Appendix D.

C. Theory of the Calculations

In this section, the basic equations and theory used in computing
the cost and economic values are presented.

The calculations start with a given mass flow rate and an
assumed diameter. From this data and the continuity equation

W=pAV, @)
one can calculate the average velocity for a one pipe system. If
more than one pipe of the same diameter is used, the flow is assumed
to be equally distributed. Thus, by increasing the number of pipes,
the average velocity can be reduced. This is done by the program to
insure that V is less than the maximum desired by the programmer.
For later use, it is also noted that the volumetric flowrate, Q, is
given by

Q=AV 2)
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For incompressible, closed system fluid flow, the Bermnoulli
equation reduces to

H = Ap/lp = — — (3)

The unknown friction factor in equation 3 is computed using an

emperical relationship [20] based on the Reynolds Number

RE = 2T ()

and the following relationships:

16

£ =22 RE < 2200 (D)
f = 0.186 - .0026 log RE 2100<RE<100000 (6)
f = 0.0025 RE>100000 (7)

Summarizing the results, one has the head loss in the piping,
volumetric flow rate, velocity and the number of pipes.

The installation costs that are computed are the pump cost,
piping cost, excavation cost, insulation cost, conduit cost and
manhole costs. In addition, a supplemental cost subroutine is
provided to permit other cost inputs to be made. The cost esti-
mation schemes for each of these items will be further described
below.

Before describing the cost schemes in detail, however, some
basic cost estimation techniques that are used frequently throughout
the program will be described.

One of the most powerful tools of the cost estimator is the
cost-price index [25,28,29]. For a variety of specific and general
types of equipment, components, or operations, cost analysts com-

pute a number called the cost-price index. A cost-price index is
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the ratio of the cost (price) of a specific item (e.g. a pump) at some
specified time to the cost (price) of the same item at some other
time. The advantageous feature of the cost-price index is the ability
to accurately predict the cost of a specified item at some later time,
using some previous time. If, for example, one had cost estimates
for three different items: one based on 1965 dollars, one on 1967
dollars and one on 1969 dollars, the uncorrected addition of these
costs to obtain a total cost would be in error. If, however, one
uses the cost-price indices, one can adjust the costs to the same
year. Further, using the same concept, one can estimate the cost
at some future date.

Another tool for the estimator is the exponential estimation
technique [25]. 1In this technique, one is given a base size of an
item and a base price for that size. Then, to estimate the cost of

the same item of a different size, one uses

. a
New Cost=(Base Cost) x (%ggg§%§§€) (8)
Numerous references in the literature give values of the exponent, a,
to use for various types of equipment. In general, this value lies
from 0.4 to 1.5, average being about 0.6.

An extension of the exponent method is to have two values of
item size and item cost. In equation 8, designate new cost, new

size as cost 2, size 2; base values as cost 1, size 1. Thus,

size 2
cost 2 = (cost 1) X(size 1

expon
) (9)

Taking logarithms of (9),

cost 2
In (cost 2) = 1ln (cost 1) + (expon) xln(;;;z—i) (10)
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Solving (10) for exponent

In (cost 2) - 1n (cost 1)
1n (cost 2/cost 1)

expon = (1)

Thus, one can calculate the exponent for use in equation 8.

Returning to the costs that are computed in the program, Table II
indicates the options available for the cost calculations previously
mentioned. In addition, the functional dependence of each cost is
indicated. Notes are provided to explain the table.

D. Optimization Theory

There are an infinite number of combinations of pipe size and
number of pipes that can transport fluid at a given rate. The prin-
ciples of linear algebra can be used to describe the manner that the
optimum size and number of pipes can be computed.

The first problem is to identify the independent variables
that one can have. Certainly the mass flowrate, the number of pipes
and the size of piping are independent variables. There are other
independent variables (e.g. length), however, it is assumed that
these variables are specified to fit the problem under consideration3.
The result is that one has a three dimensional space in flowrate,
number of pipes and size of pipes. This three dimensional space is
not an infinite space. There are physical limitations imposed that
reduce the space to a finite size. For example, the maximum pipe

diameter commercially available is a finite number; the minimum

3. For example, to get from the reactor to a building there are
many conceivable paths of different lengths. However, one is

going to select the one that is the most acceptable for the partic-
ular situation, and thus will specify the length and length will
become a constant rather than a variable.



TABLE II
COST CALCULATIONS OPTIONS

Cost Table Extrapolated Direct
Price Cost vs. Exponent Exponent Input Functional
Index Size Method Method Method Relationship
.98
Pump Cost Yes Yes Yes Yes Yes N*Q *%
. 1.15
Pipe Cost Yes Yes Yes Yes Yes N*L*D
Excavation
Cost Yes No No No Yes VOL*COST/VOL
VOL=(24N*D) (34D) ***
Manhole
Cost Yes Yes L*DEPTH*HOLE COST/
# of ft. per hole
Insulation
Cost Yes Yes N*L*D*COST/ft.
Conduit 6
Cost Yes Yes Yes Yes N*L*D’
Pumping
Cost Yes Yes N*H*p*(Q/CONST

*% Exponents taken from reference

*%% Agsumes pipes side by side with 3 feet of earth on top

0¢
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number of pipes to be considered may be set by reliability criteria;

the flowrate may be a specified flowrate.

In this problem, the constraints are chosen as follows:

Flowrate is fixed.

A maximum and minimum pipe diameter is specified.

A minimum number of pipes is specified.

A maximum velocity of fluid is specified. (This is
not an independent variable. However, to define a
finite region of interest in three dimensional space,
a combination of three complete restraints is re-
quired. The flowrate is one restraint. The minimum
and maximum diameter is a second restraint. The
maximum fluid velocity and the minimum number of

pipes combine to make the third restraint.)

Figure 8 shows a sketch of this three dimensional space and how these

restraints define an operating line.

There are many dependent variables that could be chosen for an

optimization scheme. Some of these could be:

or

7.

minimize installation cost

minimize operating expense

minimize maintenance expense

minimize shut down time (maximize reliability)
minimize total costs

maximize profit

a combination of some or all of the above.
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Two different schemes are available to be selected which will optimize
the network as is described be10w4.

The first of these schemes is an optimization based on the
minimization of the cost of installing the network and the cost of
operating the network for a specified period of time. The minimi-
zation of installation cost alone was not chosen as a basis for
optimization due to the effect of operating expenses on the economic
analysiss. Total cost was not chosen since the installation and
operating expenses are the most important terms in the total cost
analysis. The period of time for this optimization was chosen to be
one year since the other economic considerations (depreciation, taxes,
etc.) are annual charges. The user has the ability to change this
time period if he desires. A description of the methods used to
optimize the network using this technique follows.

Using the input data of flowrate (W), length of piping (L), and
building loss (BLOSS), and the limits of pipe size to be considered,
the program calculates the number of pumps and pipes required and
the cost of the pumps, piping, excavation, insulation, manholes,
conduits and any supplemental installation costs for a given piping
diameter. It also calculates the pumping power cost for the speci-
fied period of time and pipe diameter as previously mentioned. The
total of these cost items is then computed and stored in memory. In

addition, the user can input right of way cost data and can input the

4. These schemes were selected by consideration of recommendations
contained in reference [ 29 ].

5. Further details can be found in reference [26 ], pg 4~-8 and
pg 135-167.
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economic advantage of installing the piping in rivers or lakes where
no right of way expense is incurred.

The general form of the cost of installation and pumping cost
is illustrated in Figure 9. As one can see, the total cost curve
has a broad minimum that one should be able to find quite readily.
However, the real world is not so simple. For the flow rates
required by a heating system of the size under consideration, the
economic feasibility and reality of the problem requires that a
limit be placed on the velocity of fluid flowing in the pipes. This
limiting velocity is input specified and determines the number of
pipes and pumps required to move the quantity of fluid required.
Thus, as the diameter varies, so does the number of pipes, pumps,
etc. The result of this is the curve shown in Figure 10. As one
can see, the curve is now discontinuous. (The discontinuities are
caused by changing the number of pipes.)

One method of finding the minimum would be to take the range of
pipe sizes under consideration, start at the smallest and proceed
through to the largest in a step-by-step manner (hereafter referred
to as a march-out technique). The optimum size would be the smallest
total cost found while conducting the march-out technique. This
method, however, can be very costly in computer time and a better
technique has been found.

Referring to Figures 9 and 10, the cost is computed for the
maximum size, the minimum size and the medium size (K1,K2, and K3 on
Figure 10). A smooth curve is then fit to the points and the curve
is analyzed for shape. Three possible shapes exist and are shown

in Figure 11. If the curve orientation is as in Figure 11A, then
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costs for sizes K4 and K5 are computed. The shape of the curve that
fits through K4,K2 and K5 is then checked. If the shape is as in
Figure 11A, the process is repeated (K6,K7 of Figure 10) until the
orientation changes to 11B or 11C, or until K2 is found to be the
minimum. When the orientation changes to either 11B or 11C (as it
does in Figure 10 using points K6,K2, and K7), then the march-out
procedure is used from a little before the smaller diameter to a
little beyond the larger diameter. Thus, one finds the minimum
using considerably less computer time than a straight march-out
technique.

The second method of optimization is to maximize the profit that
can be made. This is done by calculating the hourly financing cost,
operating and maintenance costs, the pumping costs and then comparing
these values with the hourly gross income from the sale of heat for a
march-out of the pipe diameters. The maximum net income is found
from this march-out technique. This is then taken to be the optimum
size for maximum return or investment and a full set of cost calcu-
lations and cost analysis is performed.

E. Economic Analysis

The economic analysis is a basic discounted cash flow type of
analysis. This type of analysis is a summary of all cash assets and
liabilities as either cash inflows or as cash outflows on an annual
basis. A net cash flow is the algebraic sum of the cash inflows and
the cash outflows. The net cash flow for each year is then adjusted
to the plant start—up time for the time value of money by applying
an appropriate adjustment factor. This factor is obtained from a

continuous interest table or from the equation
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factor = e Tt [ <

1 (12)

r
In principle, this type of analysis is quite easy. The result of
this analysis is the return on investment rate, r, which appears in
the factor term in a rather complicated fashion requiring a trial
and error type of solution.

The elements of the cash flow analysis are the fixed capital
investment (assumed to be expended one year before start-up),
operating and maintenance expenses, financing charges, insurance,
taxes, overhead, taxes, miscellaneous annual expenses and the gross
income from the sale of heat.

In the proposed system, there is a possibility that the system
may not be a profitable investment. There are situations, however,
which may justify the use of a non-profitable investment. Consider,
for example, the situation that is developing in the field of elec-
trical generation. At the projected rate of growth, the available
cooling water supply that can be used without severely disturbing
the ecological balance will soon be exhausted [24]. The use of
rivers, lakes and streams for cooling of the generating facilities
will therefore be precluded.

Continuing with the example, local legislation may forbid the
use of cooling towers due to the severe fog and mist problems
associated with cooling towers. Further, similar difficulties could
be encountered in the other possible methods of heat rejection. The
extreme case would be that the district heat rejection method would
be the only acceptable method of heat rejection. Thus, as previously

asserted, the use of a non-profitable system could be justified.



To make a meaningful analysis of the district heating system of
heat rejection, an analysis of the cost of this system versus the
cost of the alternative system must be made. The ultimate test of
the district heating system can be stated as follows: Is the dis~
trict heating system of heat rejection the least expensive method
compared to the alternative methods (if any)? The method chosen to
answer this question is described below.

Consider a district heating system that is not profitable. Ad-
justments to the cost of installation of the district heating system
are made by computing the cost of construction and operation of a
selected alternative system. This cost is then subtracted from the
district heating systems cost. In addition, a factor can be speci-
fied to account for the intangible benefit of no thermal pollution.

If, by repeating the cash flow analysis, the district heating system

30

can then be shown to be profitable, the district heating system should

be installed. Further, even if this adjusted system analysis does not

show a true profit, but does yield an acceptable pay out time6, the

district heating system should be installed.

The adjusted economic analysis can reveal that the installation
of a district heating system will not be profitable nor will yield
an acceptable pay out time. However, the decision to install this
system could still be made for better public relations or to gain

technology in the field. To encourage this, the program calculates

6. As used here, pay out time is the number of years to regain the
capital investment.
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the incremental increase in selling price of heat or selling price of
electricity that would be required to pay off the plant in the speci-
fied lifetime.

F. Safety

A discussion of a project using nuclear reactors in any manner is
not complete until a safety analysis of some sort is performed. It is
assumed that the reactor plant and its' associated equipment meets the
requirements set forth in Title 10 of the Code of Federal Regulations.
With this assumption, the only safety analysis required is just the
analysis of the district heating system.

The primary safety concern of a nuclear reactor is the release of
radioactivity to the environment in such a manner that would be
detrimental to the general population. The general criterion set
forth in the federal regulations is that at least two barriers against
release of radioactivity be provided.

Consider a boiling water reactor with a district heating system
installed. (This reactor type is chosen because the possibility of
radioactivity in the condenser is greatest for this type reactor.) The
only source of radioactivity to the fluid in the system would be leak-
age from the condenser into the district heating system fluid. The
tube walls of the condenser serve as the first barrier. The second
barrier is a potential barrier. The condenser is operated in a slight
vacuum while the district heating system is pressurized to about 200-
300 pounds per square inch at the condenser. Thus, any leakage that
would occur in the condenser tubes would be from the district heating
system into the condenser. Further, the district heating system

piping would serve as a third barrier. A periodic or continuous
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monitoring of the district heating system fluid for radioactivity
would serve as an independent control.

The other serious problem (Maximum Credible Accident) is the
effect of a major rupture in the district heating system. Since the
reactor is protected against a loss of cooling system, all that need
be considered is the effect on the district heating system. Since
the major portion of the piping is underground, the effect of this
accident would be slight if the rupture occured in a portion of the
piping that is underground. However, one might consider the rupture
of the pipe line inside a building. As one can readily see, this
accident is the determining factor in the choice of fluid that is
used. If steam were used, this accident would be very serious because
of the high temperatures and high internal energy of the steamn.
Further, isolation of a steam system will not stop the steam flow from
the rupture. However, since water is used, the rupture would cause an
almost instantaneous depressurization of the system. This would then
lead to hot (170-180 degree) water being pumped into the building at
low pressure. With automatic isolation capabilities sensed by a severe
pressure transient installed, the effect of this accident is only that
a small quantity of fairly high temperature water 1is sprayed into a
building. This hot water could cause some damage; however, the prob-

ability of this accident being serious is fairly low.
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IV. COMPUTER PROGRAM FLOW DIAGRAM
Figure 12 shows a block diagram which indicates the flow control
of the computer program. The figure consists of a flow diagram for
the main program, a flow diagram for each of the three path types
(series, parallel and series-parallel) and a flow diagram for the two
optimization schemes (minimization of installation cost and pumping

cost, and maximization of the rate of return on investment).
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V. TYPICAL PROBLEM AND RESULTS

The following paragraphs will give the statement of a typical

problem of the type that can be solved by OPTUMR.

Suppose it was desired to heat the buildings shown in Figure 5

and simulated by Figure 6 using the waste heat from a nuclear reactor.

The objective is to find the installation cost, the operating cost,

and the profit or loss potentials of such a system in sufficient detail

to determine the feasibility of starting the preliminary design phases.

It is assumed that the following data is given:

1.

2.

10.

The effective lifetime of the plant is 30 years.

The effect of pumping power cost determines the shape of the
optimization curve (see Figures 9 and 10). For the optimi-
zation in the problem, a basis of 600 days is chosen at a cost
of 1.1¢ per kilowatt-hour.

An overall plant load factor of 0.8 is specified.

The selling price of heat at 170 degrees F at the buildings is
$1.37/million BTU.

Due to reliability requirements, no less than two pipes are
permitted in any flowpath.

Due to reliability requirements, 150% of the number of pumps
required will be purchased and installed.

The maximum velocity in any pipe is 12 ft/second.

The cooling medium is water (density is 62.4, viscosity is
0.000292.)

The plant's salvage value at the end of thirty years is 5Z%.

Depreciation is to be calculated by the sum of the years

digits method.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,
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The operating costs are 2% of the total installation charges.
Working capital is 10% of the annual pumping power cost.

The basic plant overhead is $1000.00 per month.

The cost of the conduit drainage system is 10% of the
insulation cost.

The minimum and maximum diameters to be considered are 6 and
100 inches respectively.

It is desired to minimize the capital investment and operating
expenses.

All costs are to be corrected to 1975 dollars. To accomplish

this, use the following values for cost price indices:

Pumps 1.83 Pumping Power 1.28
Excavation 1.44 Insulation 1.39
Manhole 1.26 Piping 1.28
Conduit 1.33

There is an engineering service charge of $200,000.
The company will borrow 50% of the investment cost at 7%
interest.
The federal income tax rate is 50%.
The county tax rate is 1¢/$100 of capital investment.
Insurance costs are $7,623 dollars per year.
There is a paving cost of $2.00 per foot of piping that is
installed.
The following cost data is supplied:

Pump Cost Unknown

Pipe Cost A 10" pipe costs $30.00 per foot



25.

Building

26.

27.

28.

29.

30.
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Conduit Cost A 36" conduit costs $14.00 per

foot; a 72" conduit costs $46.00

per foot
Insulation Cost $1.50 per foot
Manhole Cost $38.00 per foot of depth; one

hole every 500 feet

The building requirements are as follows:

Length Heat Flow Building

To & From Requirement (1bs/hr) Loss
(ft) (BTU/hr) (ft)
300 107 4. X lO5 30
300 5X lO7 2. X 106 40
400 2x 108 1. x 10’ 50
200 5X lO7 2. X 106 40
200 10’ 4. X 10° 30
200 8X 107 4. X lO6 45

The piping from the reactor site to buildings 2 & 3 is five
miles.
The distance from building 2 & 3 to building 5 is 1/2 mile.
The distance from building 5 to buildings 7, 8, & 9 is 1000
feet.
The right of way costs are $1.00 per foot.
For comparative analysis, use:
Cost of physical plant $5,000,000.00
Savings 50%

Flowrate of conventional plant 36,800 gal. per min.
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Pumping cost $1,000,000.00
Piping cost $1,000,000.00
The input data describing this problem is given in Table III.
(See also Appendix D.) Table IV shows the computer output for this
problem. (The computer program computes an annual balance sheet for
the life of the plant. Table IV contains only the balance sheet for
the 1st year for the non-adjusted and the adjusted economic analyses;

Appendix E contains the balance sheets for years 2-30.)
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COST OPTIMIZATIDON OF A
DISTRICT HEATING PIPING
NETWORK
J1 J2 J3 Jé J5 6 J7 J8 J9 J1o J11 Jl12 J13 Jls 1S5 yle J17 J18 J19 J20
1 1 0 1 1 1 -3 2 1 1 1 1 1 0 1 1 1
JJ1 JJ2 JJd3 JJds JIS  JJ6 JIT JJ8  JJ9 11 12
1 1 0 2 1 0 1 1 0 0 0
THE INPUT DITAMETER LIMITS ARE 6 53 100
[NPYT NENSITY AND VISCOSITY ARE: 62.3999939 0.0002920
CIAST PRICF INDICES ARE:
1.8299999 1.2799997 1.439999%6 1.3899994 1.2599993 1.3299999 1.2799997
LIMITING VELOCITY IS : 12.0000000
THE MIN # NF PIPES IS : 2
MANHOLE COST IS = ¢ 38.0000000 A MANHOLE IS INSTALLED EVERY 500.0000000FEFT
INPYT NATA BASE COSTS
BASE FLOW RATE  PUMP CNST BASE PIPE SIZE PIPE CNST EXCAVATION INSULATION BASE DAYS $$/KWH
0N 0. 10.000 30.000 2.250 1.500 600,000 0.011

TABLE IV, COMPUTER PROGRAM RESULTS FOR DATA IN TABLE III
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PATH

0.

10

12

13

TOTAL COST [S:

o g
9 0.0
6 0.0
12 0.0
15 0.0
15 0.0
24 0.0
19 0.0
24 0.0
6 0.0
9 0.0
26 184606.,25
26 0.0
$5%

13607.23

8536.20

18943,02

122423.81

122423,.81

554890.88

h4a2h6,R6

554390.88

12804.30

20410.84

6083923.00

6083923.00

30563346,00000N0

8505.00
6804.00
10367.99
61964,97
61964.97
256607.81
30689.97
256607.81
10205.99
12757.49
2798923.00

2798923.,.00

TABLE IV.

625.50
417.00
834.00
5212.49
0.0
22017.59
2641.00
0.0
625.50
938,25
238523.63

0.0

(CONT'D)

MANHOLE
cosrt

172.37
172,37
172.37
861.84
861.84
2275.25
344,74
2275.25
258.55
258.55
22752.56

22752.56

CONDUILT

cosTt

3207.42

2723.44

3724.00

21361.80

21361.80

80538.50

10103.49

30538.50

4085.16

4811.13

863R33,.00

863833.00

PUMP ING
cosTt

30362.38
4296.41
67299.25
36821.38
36821.38
155989.19
188932.06
155989.19
4384.20
31807.47
1476410.00

1476410.00

9%



FCONIMIC INOYT NATA

LA FATTNR - SALF PRICE NF WFAT  EFFECTIVE LTFF  SALVAGE VALUF  SINKING FUND Q@ATE

7.83010 1.37900 3N, NNONH 7.,05000 Do
T1-TS VALURS ARF
7.9 N.0 7.0 0.0 0.0
TA-T1Y VAL'JFS ARF:
12770.0170¢C0 0.01090 0.0 0.0 0.03500

T11-T1S VALUFS ARF:
3.0 N.50000 N.0 0.00010 0.0

T14-T13 VALUES ARE:
J.0 0. 7623.09700

Ul=JS5 VALUES ARE:
1.57000 0.0 n.,n 0.10000 0.0

Uh-Uld VALUFS ARE:
1.0 0.10000 0.0 0.0 2.00000

Ull,Ul2,Ul3 VALUES ARF:
0.0 0.0 200000.00000

Ul4-Ul3 VALUES ARE:
0.0 1.00090 1.00000 0.0 0.0

U17-1U23 VALUFS ARE:
1991000.09000 1000000.00000 36800, 00000 0.50000 5000000.00000

TABLE IV. (CONT'D)
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COST DATA AND TOTALS
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YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

1

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GRNOSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

TABLE IV.

OUTFLOWS

$$ 26897824.00

4452744.00

1648576.00
268978.13
941423.69

2199313.00

12000.00
2689.78
7623.00

2056.00

(CONT 'D)

INFLOWS

294061.19

3787770.00

6%
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YEAR

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

1 OUTFLOWS
TNTAL INSTALLATION COST IS : $$ 21345824,00
TOTAL SUPPLEMENTARY INSTALLATION COST IS: 4452744.00

50SS ANNUAL INCOME IS :

NEPRECTIATION IS 1308292.00
ANNUAL OPERATING AND MAINTENANCE FXPENCE IS : 213458.19
ANNUAL FINANCING AND SUPPLFMFNTAL FINANCE COST IS: 747103.75
ANNUAL PUMPING COST IS: 1315456.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPERTY TAXES ARE: 2134.58
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0OF-WAY COST IS¢ 2056.00

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATF INCOME TAXES ARE: 60010.50

TABLE IV. (CONT'D)

INFLOWS

1428313.00

3737770.00
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VI. CONCLUSIONS

Thermal pollution from nuclear reactor electrical generating facil-
ities is a serious problem now. The most important consideration af-
fecting the use of a district heating rejection method is the siting
consideration. For example, the Palisades reactor, located along the
shore of Lake Michigan, has a court injunction against operation due
to thermal pollution of Lake Michigan. Use of the district heating
rejection scheme is not feasible because the closest urban center is
about thirty miles distant.

The conservationist group that backed the injunction has demanded
that the returning coolant enter the lake with not more than one degree
temperature rise from inlet to outlet. Consumers Power Corporation,
the owner, is faced with the installation of cooling towers of the
closed type7. The cost of the delay while cooling tower construction
takes place is about $33,000.00 per day. The solution of this reactor's
problem is still unresolved [30].

Table V is a summary of the results of the computer programs
solutions for various distances from the reactor to the urban area. In
compiling the data for the table, all of the input parameters except
distance remained as in the typical problem described on page 40. As
one can see from the table, a distance from the reactor to the urban
center of greater than 5 miles yields a system that does not show a
profit and greater than 8 miles yields a system whose gross income will

not meet the annual operation expenses.

7. Closed cooling towers installation cost is 2.6 times the cost of
open cooling towers. Open towers cannot be used at Palisades because

of the proximity of an interstate highway.



TABLE V
COST DATA VERSUS DISTANCE FROM REACTOR TO URBAN AREA

Annual#** Annual#** Return on
Distance Installation* Financing Operating & Annual ** Investment
(Miles) Costs Costs Maintenance Taxes (Per Cent)
1 5.23 183. 517. 1363. 23
2 9.33 326. 770. 1033. 14
3 13.3 464, 1020. 713, 9
4 17.3 606. 1276. 386. 6
5 21.3 747. 1538. 60. 3
6 25.7 900. 1780. mm——- 0
7 29.8 1042. 2038. e -3
8 33.9 1186. 2291. mem——— -9
9 38.0 1329. 2398,  mm——— 5484
10 42.0 1473. 2799.  mme—— .73&6&

% Millions of dollars

%% Thousands of dollars

&& Incremental cost increase to pay off plant in 30 years, $/106BTU

LS
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As previously mentioned, the district heating system must have a
back-up method of supplying heat to the buildings. Dual reactor sites
can provide this reliability especially if the scheduled shutdowns for
maintenance and refueling are conducted at times of low heat demand.

If a dual reactor site is not possible, an additional expense that is
not included in the computer program would be incurred for a back-up
system.

The population of the United States is facing a critical decision.
A critical shortage of available fossil fuels is just starting to be
apparent. To meet the energy demand requirements, the use of nuclear
energy seems to be the only plausible solution. The shortage of cooling
water, as exhibited in the Palisades case, is critical now. The
question that the public must answer is: Does the severity of potential
danger of nuclear reactors (thermal pollution and radioactive pollution,
in particular) warrant the cessation of increasing the electrical power
consumption? This question raises a direct conflict when applied to a
nuclear reactor supplied district heating system. This system would
minimize the thermal pollution. To be efficient, however, the reactor
must be sited close to an urban center. The potential damage from a
gross fission product release accident increases as the distance to an
urban center decreases. The cost of electrical power generation will
increase, in any case, as the anti-pollution legislation increases.

The ability to choose reactor sites close to cities that would
meet the safety requirements with regard to radioactive pollution is
the first problem that must be solved. Once this problem is solved,
then use of the district heating rejection system will resolve the

thermal pollution problem. Perhaps the Palisades case will cause
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increased investigation and experimentation in proximity siting and
district heating. The computer code presented here is a tool for the
utility to use for comparative analysis with other heat rejection
systems. I1f the current trend in legislation is a valid trend,

certainly this program will receive extensive use.



VII. APPENDICES

APPENDIX A

SYMBOLS USED

Standard abbreviations [12] are used throughout.

]
SO
e
-
®
D

— -

W

> O

¢)

=

log

Valve

Turbine Generator

Pump

Heat Exchanger (Condenser or Steam Generator)
Summing Junction

Amplifier

Feedback Gain

Resistor

Current Source

Voltage Source

Mass flow rate, lbs./hr.

Density, lbs./ft.3
Area normal to flow, ft.

Average velocity of fluid, ft./sec.

Volumetric flow rate, ft.3/sec.

Head loss, ft. of water

Pressure drop, lbs./ft.2

Friction factor, dimensionless

Length of piping, ft.

Diameter of piping, ft.

Gravitational constant, 32.17 ft-1b mass/1lb force sec.
Reynolds number, dimensionless

Viscosity, ft/lb-sec.

Logarithm, base 10



BLOSS
K1,K2,K(I)
r

t

BTU

Building loss, ft. of water
Piping sizes, inches

Return on investment rate, years-
Time, years

British thermal unit
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APPENDIX C

SUBROUTINE LISTING

Cl

The digital computer program is written in the Fortran IV, level G

language for the IBM 360-50 computer system.

main program and 31 subroutines.

The program consists of a

Following is a listing of the subroutine names, the functions of

the subroutines, the subroutines that are called and the subroutines

that call the named subroutine.

Name Function

MAIN Flow Control;
/0

STRTFL Flow Control of

Series Circuit
PLLP Flow Control of
Parallel Circuit
COPTIM Optimization by
minimizing in-
stallation and

pumping costs

Subroutines
Called

STRTFL PLLP
DRECON DREAD
VELIN ANHLIN
EXPOIN PRICEI
TLREAD WRITEO
COPTIM

TEMOP

COPTIM

TEMOP

FLOCLC CINSUL
CPUMP CMNHOL
CPIPE CCONDT
CEXCAV PUMCST
SUPCST WRONG

RIGHT

HEATS$

(1/0 means input or output device.)

Subroutine
Called By

MAIN

MAIN

STRTFL

PLLP



TEMOP

DRECON

DREAD

VELIN

ANHLIN

EXPOIN

TLREAD

PRICEIL

FLOCLC

CPUMP

CPIPE

CEXCAV

CINSUL

Optimization by
Maximization of
Annual Rate of

Return

I/0 Economics
Data

I1/0 OPTIONS

I/0 Velocity &
Number of Pipes
I/0 Manhole Data
I/0 Exponent Data
I/0 Table Data
I/0 Cost Data
Pressure Drop;

Number of Pipes

Pump Cost

Pipe Cost

Excavation Cost

Insulation Cost

HEATS$ FLOCLC
CPIPE CEXCAV
PUMCST OANDM
FINAN CMNHOL
CPUMP CINSUL

CCONDT SUPCST

CPOLE

CPOLE

STRTFL

PLLP

MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

MAIN

TEMOP

COPTIM

ADJUST

TEMOP

COPTIM

TEMOP

ADJUST

TEMOP

ADJUST

TEMOP

c2

COPTIM

COPTIM

COPTIM



CMNHOL

CCONDT

PUMCST

SUPCST

WRONG

STANDD

HEATS

OANDM

FINAN

CPOLE

WRITEO

ADJUST

DEPREC

SUPPCS

RTOWAY

Manhole Cost = cee————oo
Conduit Cost = ——cem—————

Pumping Cost =  =——————e—ee

Supplemental Cost = = = ———==————o
Curve Orientation = = = —=——————-
Curve Orientation @ = - —————————
Income from Sale = = = ————————e
of Heat

Operation and —=————————
Maintenance Cost

Financing Charges = = =~=—==—==———
Computes Exponent = = = ==—=————-

for Cost Extrapol-

ation

Qutput; Flow ADJUST DEPREC
Control; OANDM FINAN
Economics SUPPCS RTOWAY
Computes Adjustment FLOCLC

and Comparative Cost PUMCST

Data

Calculates  =mmm——o——
Depreciation

Supplemental = ——mTTTew

Annual Costs
Right-of-Way ~  —=————==-

Costs

TEMOP

TEMOP

TEMOP

ADJUST

TEMOP

COPTIM

COPTIM

COPTIM

TEMOP

TEMOP

CPUMP

CCONDT

MAIN

WRITEO

WRITEO

WRITEO

WRITEO

C3

COPTIM

COPTIM

COPTIM

COPTIM

TEMOP

WRITEO

WRITEO

CPIPE



C4

The program can compute optimum sizes for as many as 999 flowpaths
and piping diameters from one inch to 100 inches. Five tape or disk
storage units are utilized, each containing 1000 records of 40 words
each. 130,000 bytes of core storage are required in the execution of
this program.

The program consists of some 1200 computer cards. Compilation
time for the program is on the order of 3 minutes. The example problem
computation required 5 minutes of computer time; a problem with 999

flowpaths executed in 50 minutes.
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APPENDIX D
INPUT INSTRUCTIONS
The input data is separated into four sections: economic data,
fixed point and mandatory data, optional data and flow path data. 1In
each case, the required format is given. All data that is mandatory is
coded (M) and optional data is coded (0).
A. ECONOMIC DATA
Card 01 Column 1-15 Overall plant load factor. If

not available, input 0.8. (F15.5)(M)

Col 16-30 Selling price of heat, $/106 BTU
(F15.5) (M)
Col 31-45 Effective plant life, years

(F15.5) (M)
Col 46-60 Salvage value of plant as
a fraction of the initial
investment. A value from
0.00 to 0.25 is recommended.
(F15.5) (M)
Col 61-75 Sinking fund interest rate.
Required only if sinking fund
depreciation is selected. (F15.5) (M)
The next six data values are used in a supplemental cost routine
for cash flow analysis. This permits the investigator to change vary-
ing interest rates on the capital cost, return on investment, operating
and maintenance costs, financing costs, depreciation costs, and an

independent supplemental cost. Thus, a cost such as operating capital



(which is not included elsewhere) could be input as a percentage of

the investment; labor cost as an independent cost, etc.

Card 02

Card 03

T1

T2

T3

T4

T5

T6

T7

T8

T9

T10

Column 1-15
Col 16-30
Col 31-45
Col 46-60
Col 61-75
Col 1-15
Col 16-30
Col 31-45
Col 46-60
Col 61-75

Supplemental cost, fraction of
installation cost. (F15.5) (0)
Supplemental cost, fraction of
gross income. (F15.5)(0)
Supplemental cost, fraction of
operating and maintenance costs
(F15.5) (0)

Supplemental cost, fraction of
financing costs. (F15.5)(0)
Supplemental cost, fraction of
depreciation cost. (F15.5)(0)
Supplemental cost, independent.
($/year) (F15.5)(0)

Annual operating and maintenance
costs, fraction of installation
costs. (F15.5)(0)

Annual operating/maintenance costs-—
fraction of installation costs.
(F15.5) (0)

Operation and Maintenance cosSts,

D2

independent input. ($/year)(F15.5)(0)

Annual financing charge interest

rate (expressed as a fraction).

(F15.5) (0)



Card 04 T11l

Ti2

T13

T1l4

T15

Card 05 T16

T17

Column 1-15
Col 16-30
Col 31-45
Col 46-60
Col 61-75
Col 1-15
Col 31-45

D3

Financing cost, independent. ($/year)
(F15.5) (0)

Federal income tax rate (fraction).
(F15.5) (0)

State income tax rate (fraction).
(F15.5) (0)

County tax rate (computed considering
investment costs only). (fraction)
(F15.5) (0)

City tax rate (computed considering
investment costs only). (fraction)
(F15.5) (0)

Liability insurance rate (computed

on investment cost only). (fraction)
(F15.5) (0)

Independent insurance costs (annual).

(F15.5) (0)

The remainder of this card and the next few cards are used to

input percentages of the component costs. This can be used, for

example, as a reliability input by using 1.5 or 2.0 for the pump

cost. (Note:

The effect of these inputs are added to the total

installation costs for computing the total installation costs.)

Card 05 Ul
(cont'd)

U2

Col

Column 46-60

61-75

Supplemental cost-fraction of the
pump cost. (F15.5)(0)
Supplemental cost—fraction of

piping cost. (F15.5)(0)



Card 06 U3 Column 1-15 Supplemental cost-fraction of
excavation cost. (F15.5)(0)
U4 Col 16-30 Supplemental cost-fraction of
insulation cost. (F15.5) (0)
U5 Col 31-45 Supplemental cost-fraction of
manhole cost. (F15.5)(0)
U6 Col 46-60 Supplemental cost-fraction of
conduit cost. (F15.5)(0)
u7 Col 61-75 Supplemental cost-fraction of
pumping cost. (F15.5)(0)
Card 07 U8 Column 1-15 Supplemental cost-independent.
(F15.5) (0)
U9 Col 16-30 Supplemental cost-multiple of
diameter. (F15.5) (0)
Ulo0 Col 31-45 Supplemental cost-multiple of
length. (F15.5)(0)
Ull Col 46-60 Supplemental cost-multiple of
volumetric flowrate. (F15.5)(0)
Ul2 Col 61-75 Supplemental cost-multiple of
the number of pipes. (F15.5)(0)
Card 08 Ul3 Col 1-15 Supplemental cost-independent.
(F15.5) (0)
The following data is used to input right of way costs, easement
costs, and an indicator for adjustment calculations.
Card 09 Ul4 Column 1-15 Input length of pipe installed in
lakes, rivers (no right of way costs

for this length), ft. (F15.5)(0)
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Ul5 Col 16-30 Input $$/foot of right of way cost.
(F15.5) (0)
Ul6 Col 31-45 If greater than O, computes any

increase in selling price in terms
of $$/106 BTU increase. (FiS.S)(O)
If less than O, computes the increase
in selling price required in $$/Kilo-
watt-hour. (F15.5) (0)
ul7 Col 46-60 Megawatt electrical rating of the
plant. (F15.5)(0)
Ul8 Col 61-75 Easement costs, $/year. (F15.5)(0)
The next card contains the data required for the adjusted cost
analysis. The input data determines the type of conventional system
for the comparative analysis.
Card 10 U19 Column 1-15 Installation cost of the piping
of the conventional condensing
system. (F15.5)(0)
U20 Col 16-30 Annual pumping cost, $$/year (for
condensing system). (F15.5) (0)
U21 Col 31-45 Flowrate of conventional cooling
system in gallons per minute.
(F15.5) (0)
U22 Col 46-60 Fractional cost expenditure
required (fraction of size of
conventional equipment and operating

cost). (F15.5)(0)
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U23 Col 61-75 Cost of installation of conventional
condensing system (physical plant).
(F15.5) (0)
B. TFIXED POINT AND MANDATORY DATA
The following data cards are the control cards for the program.
Most of the data in this section must be supplied.
Card 1 Jl Column 5 Input=0::limiting velocity is 10 ft/sec
Input=l::limiting velocity is supplied
J2 Col 10 Input=0::building loss is calculated
Input=1::building loss is supplied
J3 Col 15 Input=0::pump cost is calculated
(1962 dollars)
Input=1l::base size, base price to
be input for exponential
Input=2::100 values of pipe size,
pipe cost to be supplied
Input=3;:input two sizes, two costs
for exponential fit
J4 Col 20 Input=0::pipe cost is calculated
(1962 dollars)
Input=1::input base size, base price
for exponential
Input=2::100 values of pipe sizes and
costs to be supplied
Input=3::input two sizes, two costs
for expomnential fit

J5 Col 25 Input=0::excavation cost is calculated



J6

J7

J8

J9

I1

12

Col

Col

Col

Col

Col

Col

30

35

40

45

50

55

D7

Input=1::input BASEE, $/ft3 excavated
Input=0::calculates insulation cost
(1962 dollars)
Input=1::input BASEV, $/ft insulation cost
Input=0::calculates manhole cost
(1962 dollars)
Input=1::input the hole cost ($/ft. depth)
Input=2::;input the hole cost and the
hole spacing (feet)
Input=0::calculates the conduit cost
(1962 dollars)
Input=1::50 values of size, cost of
conduit to be supplied
Input=2::input cost, size for exponential
Input=0::calculate pumping power cost
(1962 dollars)
Input=1l::input BASED and BASE$ (base
days and base cost of electricity,
$/KWH)
Input=0::a standard condenser is the
comparison base
Input=1l::a cooling tower is the
comparison base
Input=2::a cooling pond is the comparison
base

Input=0::use program calculations



Card 2

J10

J11

J12

J13

J14

J15

D8

Input=l::calculates for system

characterized by Il

Format (11I5), all (M)

Column 5
Col 10
Col 15
Col 20
Col 25
Col 30

Input=0::the input fixed point data
is not printed

Input=1l::the input fixed point data
is printed

Input=0::the limiting radii are not
printed

Input=l::the limiting radii are printed

Input=0::density and viscosity are not
printed

Input=1l::density and viscosity are
printed

Input=0::the cost-price indices are not
printed

Input=1l::the cost-price indices are
printed

Input=0::no pipe table cost data output

Input=1::pipe data table is output
(this option only available if
J4=2)

Input=0::no conduit table cost data
output

Input=1l::conduit cost data is output
(this option only available is

J8=1)



J16

J17

J18

J19

J20

Card 3 JJ1

JJ2

Col

Col

Col

Col

Col

35

40

45

50

55

Input=0::no pump table cost data output
Input=1::pump cost data table is output
(this option only available if
J3=2)
Input=0::base values from optional data
cards are not printed
Input=1l::base values from optional data
cards are printed
Input=0::manhole cost data not printed
Input=1l::manhole cost data is printed
Input=0::1limiting velocity is not printed
Input=l::limiting velocity is printed
Input=0::flow rate, length, building loss,
and building delta temperature
for each path are input
Input=l::length, heat requirement (BTU/hr)
and building loss for each path
are input
Input=2::flow rate, length, heat
requirement and building loss

for each path are input

Format(11I5), all (M)

Column 5

Col

10

Input=0::finds true optimum

Input=1::finds optimum for specified
minimum number of pipes

Input=0::the minimum number of pipes is

not output

D9



JJ3

JJ4

JJ5

JJ6

JJ7

JJ8

Col

Col

Col

Col

Col

Col

15

20

25

30

35

40

Input=1::the minimum number of pipes is
output

Input=0::minimizes the installation and
pumping cost for a specified
time interval

Input=1l::maximizes the rate of investment
return

Input=0::uses $0.23/106 BTU as the selling
price of heat

Input=1l::input sale price of heat

Input=0::straight line depreciation

Input=l::sum of the years digits
depreciation

Input=2::sinking fund depreciation

Input=3::declining balance depreciation

Input=0::outputs economics and flow edit

Input=1::outputs economic edit only

Input=2::outputs flow edit only

Input=0::sale price required to break
even not computed

Input=1::sale price required to break
even is computed

Input=0::economics input data is not
printed

Input=1::economics data is printed

Format (11I5), all (M)
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Card 4 K1,K2,K3 Input the lower limit, mean and upper limit
on pipe sizes under consideration
(integers, inches) (3I10) (M)
Card 5 Rho, Pois Input the density and viscosity of the
fluid under consideration (1bs/ft3)
(lbs/ft-sec) (2F20.7) (M)
Card 6 CPI(7) Input the cost price indices (7) in the
following order:
1 Pump
2 Pipe
3 Excavation
4 Insulation
5 Manhole
6 Conduit
7 Pumping cost
These values are used to adjust the program values of 1962
dollars (or the value of costs that the programmer inputs) to the
year the programmer desires. For example, if CPI(1) is input as
1.36 and J3 is 0, then the 1962 dollars used in the program are
(7F10.5) (M)

adjusted to about the 1970 cost of the pump.

C. OPTIONAL DATA

Card 1 If J1 is O, this card is not used.
1f J1 is 1, input limiting velocity (ft/sec)
(F20.7) (0)

Card 2 1f JJ1 is 0, this card is not used

1f JJ1 is 1, input (minimum pipes -1) (15)(0)



Card 3

Card(s) 4

(Maximum
of 3
cards)

Card 5
Card(s) 6
(Maximum

of 250
cards)

(44)

(4B)

(4¢)

D12

If J7 is 0, this card is not used

If J7 is 1, input the hole cost ($/ft. depth)
(F20.7) (0)

If J7 is 2, input the hole spacing (feet)

(F20.7) (0)

If J7 is 3, input the hole cost and hole spacing
(2F20.7) (0)

If J3 is 3, input lower diameter in inches, lower
cost, upper diameter and upper cost of pumps for
exponential fit. (4F20.7)(0)

If J4 is 3, input lower diameter in inches, lower
cost, upper diameter and upper cost of piping for
exponential fit. (4F20.7)(0)

If J8 is 2, input lower diameter in inches, lower

cost, upper diameter in inches, and upper cost of

conduit for exponential fit. (4F20.7)(0)

Blank o)

If J3 is 2, input 100 cards with values of pump
size and pump cost (1 inch to 100 inches).
(15,F20.7) (0)

If J4 is 2, input 100 cards with values of pipe
size and pipe cost (1 inch to 100 inches).
(15,F20.7) (0)

If J8 is 1, input 50 values of conduit cost

(from 4 inches to 200 inches by 4 inch increments).

(15,F20.7) (0)



Card(s) 7 (7A) 1If J3 is 1, input base pump size (ft3/min) and base
pump cost. (2F20.7)(0)

(Maximum
of 5 (7B) If J4 is 1, input base pipe size and base pipe cost

cards)
(inches). (2F20.7)(0)
(7C) If J5 is 1, input base excavation cost ($/ft3).
(F20.7) (0)
(7D) If J6 is 1, input base insulation cost ($/ft).
(F20.7) (0)
(7E) If J9 is 1, input base days of operation for
pumping cost analysis and base cost of electricity
($/KWH). (2F20.7)(0)
Card 8 Blank (6.9
Extreme care must be used in supplying the input data above.
For example, if J3 is 2 and only 99 data cards are supplied, the
Program will not get correct results. (An error will result also.)
D. FLOW PATH DATA
The input contained in this section is the most difficult to
organize and is the most critical part of the program. To code this
portion, it is recommended that an electrical analog be set up and
the network reduced starting with the furthest point from the pumps
(current source).
Card 1 Input the number of branches (I10) (M)
This card indicates to the program the number of sets of input
data to follow. Each branch will be coded later as to the type of

branch (series, parallel or series—parallel) and the number of paths

in the branch.

D13
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To clarify the input required, Figure 13 shows three example
circuits. Circuit A has one branch, three paths and is a series cir-
cuit. Circuit B has one branch, five paths, and is a parallel circuit.
Circuit C has two branches, I and II. Branch I is a series branch with
3 paths; branch II is a series-parallel branch consisting of three
parallel paths and three series paths. (The third series path is the
parallel network.)

The parallel network, when calculated in the series path, is coded
with a negative flowrate to insure that duplicate calculations are not
performed.

Card 2 Column 10 Input=0::series circuit
Input=1;:parallel circuit
Input=2;:series—parallel circuit

Col 11-20 The total number of paths in
the branch.

Col 21-30 The number of parallel paths
in a parallel or series parallel
network.

Col 31-40 The path number which contains
the pumps.

Format (4I10), (M)

This card for branch I of circuit C (Figure 13) would read:

Column 10 20 30 40
0 3 0 33
There will be one card 2 supplied for each branch.

Card(s) 3 Flowpath data cards.



FIGURE 13. THREE EXAMPLE CIRCUITS
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The inputs on this card are variable depending on J20. The

variables that may be input are:

KK

ZL

BLOSS

DELTA

QHEAT

INSULI

These quantities are

The path number. Must be sequential from 1 to

a maximum of 1000. The paths with negative flowrates
must be coded in sequence. It is absolutely mandatory
that the last data card input KK as the greatest value
(equals the total number of paths analyzed) for this is
the index on the Economic Analysis printout.

The mass flowrate, lbs/hr. 1If this is input as a
negative value, no cost calculations are performed

nor printout given for this path.

The length of piping in the path (feet).

The building loss in feet of water head. If this is
input as a negative number, there is no building on
the 1eg of piping under consideration.

The temperature drop across the building that is
caused by the heat demand of the building. If this

is input as 0.0, no heat is sold.

The amount of heat required by the building on the
path, BTU/hour.

Indicator to tell program if the path is to be

insulated or uninsulated. (If = 0, path is not

insulated, if = 1, path is insulated.)

input in the following manner:

If J20 is 1, input KK, INSULI, W, ZL, BLOSS, DELTA

(215,4F15.5).



If J20 is 2, input KK, INSULI, ZL, QHEAT, BLOSS
(215,3F15.5).
If J20 is 3, input KK, INSULI, W, ZL, QHEAT, BLOSS
(215,4F15.5).
It is recommended that J20 equal to 2 be used.
The order of cards for this data set is:
Card 1
Card 2
Card(s) 3 For series flow, the number of cards
equals the number of paths. For
parallel flows, the number of paths
equals the number of cards. For
series—parallel, input the parallel
paths first; then series paths. Total
cards = total number of paths plus 1,
the additional path having a negative

flowrate.

Card 1
Card 2
Card(s) 3

etc. until there are as many card number 2 data cards

as specified on card 1.

D17
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APPENDIX E
BALANCE SHEETS
The following pages show the annual balance sheets that the
computer program calculated for the typical problem of section V.
These are given from years 2-30 for the non-adjusted economic

analysis and years 2-30 for the adjusted economic analysis.



YEAR

THE

THF

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

2

OUTFLOWS
TOTAL INSTALLATION €NOST [S = st 26R97824,.N0
TOTAL SUPPLEMENTARY [NSTALLATION €AST [S: 4452744.00

GRNSS ANNUAL [NGOME [S =
DEORECIATION IS :

ANNUAL JPERATING ANY MAINTESANCE FXPENCE [S ¢
ANNUAL FINANCING AND SUPPLEMENTAL FINANAF COST IS

ANNUAL PUMPING COST [S:

ANNUAL SUPPLEMENTARY CNSTS ARE:

12000.00
PRNOPERTY TAXES ARE: 2689,78
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0OF-AdAY COST [S: 2056.00

NET ANNUAL INCOME, REFORE TAXES AND DFPRECIATION [S:

1593623.00

26RATR, 113

: Q41623.69

2199313.90

INFLOWS

3787770.00

294061.19

ACH



YFAR

THF

THF

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

3

TOTAL INSTALLATION COST IS

TOTAL SUPPLEMENTARY INSTALLATION COST [S:

GRASS ANNYAL [NCOME [S

DEPRFECTIATION IS =

ANNUAL JPERATING AND MAINTENANCE EXPENCE [S :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:

ANNUAL PYUMPING CNST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PRAPERTY TAXES ARF:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BEFORFE TAXES AND DEPRECIATION [S:

%

OUTFLOWS

26897824,00

4452744,00

1538671,00

268978,13

941423.69

2199313,00

12000.00

2689,.78

7623.00

2056.00

INFLOWS

294061.19

3787770.00

£



YEAR

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

THF

4

TOTAL INSTALLATIAN COST IS @

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL INCOME IS

JEPRECTATION IS ¢

ANNUAL OPERATING AND MAINTENANCE EXPENCF IS
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE CNST
ANNUAL PUMPING CNOST IS:

ANNUAL SUPPLEMENTARY CNSTS ARF:

PROPERTY TAXES ARF:

ANNUJAL INSURANCE CHARGFS ARE:

ANNUAL RIGHT-NF-WAY CNST IS:

NFT ANNUAL INCOME, 8EFORE TAXFS AND DEPRECIATION ISt

[s:

L3

OUTFLOWS

26897824,00

4452744,00

148371f.00

268978.113

941423,.69

2199313.00

12000.90

2689,78

7623.00

2056.00

INFLOWS

294061.19

3787770.00

74



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

5

TOTAL INSTALLATINN COST IS :

TNATAL SUPPLEMENTARY INSTALLATINON COST IS:
GROSS ANNUAL INCOME IS :

NEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

OUTFLOWS

$s 26897824.00

4452744.00

1428766.00
268978,.13
941423.69

2199313.00

12000.00
2689,78
7623.00

2056.00

INFLOWS

294061.19

3787770.00

cd



YEAR 5 OUTFLOWS INFLOWS

THE TOTAL INSTALLATION COST S = $s 26897824,00

THE TOTAL SUPPLEMFNTARY [NSTALLATION CAST IS: 4452744,00

THE GROSS ANNUAL INCOMF [S 3787770.00

THE DEPRECIATION IS 1373R13,90

THE ANNUAL JPERATING AND MAINTENANCE EXPENCE [S :

268978.13
THE ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S: 941423,.69
THE ANNUAL PUMPING COST IS: 2199313.00
THE ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
THE PROPERTY TAXES ARE: 2689.78
THE ANNUAL INSURANCE CHARGES ARE: 7623.00
THE ANNUAL RIGHT-OF-WAY COST 1S: 2056400
THE NET ANNUAL INCOME, BEFORE TAXES AND OEPRECIATION IS: 294061.19

94



YEAR

THE

THF

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

7

OUTFLOWS
TATAL INSTALLATINN CAST [S ¢ $¢ 2AB89TR24,00
TIOTAL SUPPLFMENTARY [INSTALLATION CNST 1S 4452744,00

5RNSS ANNUAL INCOME IS

DEPRFCIATION IS : 131884K1,00

ANNUAL NPERATING AND MAINTENANCFE EXPENCE [S @ 26R978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE CNST IS: 941423,69
ANNUAL PUMPING CNST IS: 2199313.00
ANNUAL SUPPLEMENTARY COSTS ALF: 12000.00
PRAPERTY TAXES ARE: 2689,78
ANNUAL [NSURANCE CHARGFS ARE: 7623.00
ANNUAL RIGHT-0OF-wWAY COST 1S: 2056.00

NET ANNUAL INCOME, BFFORFE TAXES AND DEPRECIATION IS:

INFLOWS

294061.19

3737770.00

L3



YEAD 3 OUTFLOWS

TH® TOTAL INSTALLATION CAST IS = $s$ 26897824,00
THE TOTAL SUPPLEMENTARY [NSTALLATION COST [S: 4452744.00

THE GRNSS ANNUAL INCOME IS :

THE NDEPRECIATION IS : 1263908.00
THE ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 268978.13
THE ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST T1S: 941423,69
THE ANNUAL PUMPING COST IS: 2199313.00
THE ANNUAL SUPPLEMENTARY COSTS ARF: 12000.00
THE PROPERTY TAXES ARE: 2689.78
THE ANNUAL INSURANCE CHARGFES ARE: 7623.00
THE ANNUAL RIGHT-OF-WAY COST [S: 2056.00

THE NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

INFLOWS

294061.19

3787770.00

84



YEAR

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

9

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY [NSTALLATION COST [S:

£ GRNSS ANNUAL INCOME IS :

NEPRECTIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCF CNST [S:

ANNUAL PUMPING CNST [S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WwAY COST 1IS:

NET ANNUAL INCOME, REFORE TAXES AND NEPRECIATION [S:

OUTFLOWS

$% 25897824.00

4452744,00

1208955.00
268378.113
941423,69

2199313,00

12000.00
2689,78
7623.00

2056.00

INFLOWS

294061.19

3787770.00

6d



YEAR

THE

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

1)

TOTAL [NSTALLATION COST [S =

TOTAL SUPPLEMENTAPY [NSTALLATION CNST IS:
GRI3SS ANNUAL INCOME IS

DEPPFCTIATION 1S

ANNUAL NPERATING AND MAINTENANCE EXPENCE IS ¢
ANNJAL FINANCING AND SUPPLEMENTAL FINANCE CNST
ANNUAL PUMPING CNST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PRAPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WwAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

[S:

$s

DUTFLOWS

26897824,00

4452744,00

1154003.00

268978.13

941423.69

2199313.00

12000.00

2689.78

7623.00

2056.00

INFLOWS

294061.19

3787770.00

oTd



YEAR 11

THE

THE

THE

THE

THE

THE

THE

THE

THF

THE

THE

THE

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY [INSTALLATION COST IS:
GRNSS ANNUAL INCOME IS

DEPRECIATION IS :

ANNUAL NPERATING AND MAINTENANCE FXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXFS ARF:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHY-CF-WAY COST 1IS:

NET ANNUAL IN'AME. REFORE TAXES AND NFPRECTAT(ON IS:

DUTFLOWS

$s 26897824.00

4452744,00

1099050.00
268978.13
941423,69

2199313,00

12000.00
2689,78
7623.00

2056.00

INFLOWS

294061.19

3787770.00

113



YEAR 12 OUTFLOWS

THE

THF

THE

THE

THE

THE

TOTAL INSTALLATION COST IS = $s 26897824, 00

© TOTAL SUPPLFMENTARY INSTALLATION COST IS: 4452744, 00

GROSS ANNUAL INCOME IS :

DFPRECIATION IS : 1044097, 88
ANNUAL OPERATING AND MAINTENANCF EXPENCE IS : 268978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S: 941423.69
ANNUAL PUMPING COST IS: 2199313.00

F ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPERTY TAXES ARE: 2689.78

© ANNUAL INSURANCE CHARGES ARF: 7623.00
ANNUAL RIGHT-0F-WAY COST 1S: 2056.00

E NET ANNUAL INCOME, BEFORE TAXES AND DEPRFCIATION IS:

INFLOWS

3787770.00

294061.19

¢Td



YEAR 13

THE TOTAL INSTALLATION COST IS : (X3
THE TOTAL SUPPLEMENTARY INSTALLATION COST [§:

THE GROSS ANNUAL INCOME IS

THE DEPRFCIATION IS

THE ANNUAL NPERATING AND MAINTENANCE EXPENCE IS :

THE ANNUAL FINANCING AND SUPPLEMENTAL FINANGF COST [S:
THE ANNUAL PUMPING CNST 1S:

THE ANNUAL SUPPLEMENTARY COSTS ARE:

THE PROPERTY TAXES ARE:

THE ANNUAL INSURANCE CHARGES ARE:

THE ANNUAL RIGHT-OF-WAY C(uoT ISt

THE NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION [S:

NUTFLOWS

26897824,9n

4452 744,00

989145, 44

268978,13

941423,69

21991313,00

12000.00

26R9,78

7623.00

2056.00

INFLNWS

294061.19

3787770.00

€Td



YEAR 14 OUTFLOWS

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : $s 26897824.00
TOTAL SUPPLEMENTARY INSTALLATION COST ISt 4452744.00
GROSS ANNUAL INCOME IS :

DEPRECIATION IS = 934192.94
ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 268978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1IS: 941423.69
ANNUAL PUMPING COST IS: 2199313.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPERTY TAXES ARE: 2689.78
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0OF-WAY COST 1IS: 2056.00

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

INFLOWS

294061.19

3787770.00

%14



YEAR 15

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : $s
TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

OUTFLOWS

26897824, 00

4452744.00

879240.50
268978.13
941423,.69
2199313,00
12000.00
2689.78
7623.00

2056.00

INFv OWS

294061

9

3787770.00

ST



YEAR 1A

THE

THE

THF

THE

THE

THF

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION 270ST IS

TOTAL SUPPLEMENTARY INSTALLATION COST [S:
GROSS ANNUAL INCOME IS :

DEPRECIATION IS

ANNUAL OPERATING AND MAINTENANCE EXPENCE [§ :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGFS ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

QUTFLOWS

$¢ 26397824, 00

4452744.00

824287.75
268978,.13
941423.69
2199313.00
12000.00
2689.78
7623,00

2056, 00

INFLOWS

294061.19

3787770.00

9TH



YEAR 17

THE

THF

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION C3ST IS :

TOTAL SUPPLEMENTARY [NSTALLATION COST [S:
GRNSS ANNYAL [NCOME IS :

DEPRECTIATION IS :

ANNUAL NPERATING ANN MAINTENANCE EXPENCF IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING CNST [S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST 1IS:

NET ANNUAL INCOME, BEFORE TAXES AND DFPRECIATION IS:

OUTFLOWS

13 2A897824,10

4452744,00

769335.31
268978.13
741423.69
2199313,00
12000.00
2689,.78
7623.00

2056.00

ITNFLOWS

294061.19

3787770.00

LTH



YEAR 13

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TNTAL INSTALLATION CAST IS

TOTAL SUPPLEMENTARY INSTALLATION COST [S:
GRNSS ANNUAL INGCOMF 1S

DEPRECIATINN [S

ANNUAL OPERATING AND MAINTFNANGCE EXPENCE 1S
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST [S:

ANNUAL SUPPLEMENTARY COSTS ARF:

PROPERTY TAXES ARFE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NEY ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

%

QUTFLNOWS

26837824,00

4452744,00

7143R2.81
268978,13
941423.5%9
2199313, 00
172000.09
2h833,7¢8
7623.00

2056.00

INFLOWS

294061.19

3737770.00

8Td



YEAR 19

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATINON COST IS :

TATLZL SUPPLEMENTARY [NSTALLATINN €NST IS:
GRISS ANNUAL [MCOMF IS 3

DEPRECTIAT LN IS

ANNUAL OPERATING AND MAINTENANCE EXPENCE [S :

E ANNUAL FINANCING AND SUPPLFMENTAL FINANCE COST IS:

ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:
PROPERTY TAXES ARF:

ANNUAL INSURANCE CHARGES ARE:
ANNUAL RIGHT-0F-WAY COST [S:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

CUTFLOWS

$% 26897824.10

4452744 ,00

659430,38
268978,13
941423,69
2199313,00
12000,00
2689.73
7623.00

2056.00

INFLOWS

294061.19

3787770.00

6Td



YEAR 29

THF

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION CNST IS :

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GRISS ANNUAL INCOMF IS =

DEPRECIATION IS =

ANNUAL OPERATING AND MAINTENANCE EXPFNCE IS
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:
ANNUAL PUMPING CNST IS:

ANNUAL SUPPLEMENTARY COSTS ARF:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST [S:

NET ANNUAL INCOME, REFORE TAXES AND DEPRECIATION IS:

OUTFLOWS

59 26297324,00

4452744,00

604477.63
268978.13
941623,69
2199313.00
12000.00
2689,78
7623.00

2056.00

INFLNWS

294061.19

3787770.00

0Fac



YEAR 21

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TATAL INSTALLATION COST IS

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL [INCOMF IS

DEPRECIATION IS =

ANNUAL OPERATING AND MAINTENANCE EXPENCE 1S :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXFS ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

OUTFLOWS

$% 26897824.00

4452744,00

549525.19
268978.13
941423.69
2199313,00
12000.00
2689,78
7623.00

2056.00

INFLOWS

297 ,61.19

37R7770.00

1Z4d



YEAR 22

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS :

TOTAL SUPPLFMENTARY INSTALLATION COST ([S:

GROSS ANNUAL [INCOME [S

DEPRECIATION IS

ANNUAL OPERATING AND MAINTENANCE EXPFNCE IS

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST 1IS:

NET ANNUAL [INCOME, BEFORE TAXES AND DEPRECIATION IS:

NUTFLOWS

s 26897824.00

4452744,00

494572.69
268978.13
941423,69
2199313,00
12000.00
2689,.78
7623,00

2056.00

INFLOWS

294061.19

3787770.00

[AAC)



YEAR 23 OUTFLOWS

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS (X3 26897824.00
TOTAL SUPPLEMENTARY INSTALLATION COST IS: 4452744.00
GRISS ANNUAL INCOME [S :

DEPRECIATION IS : 439620.25
ANNUAL OPERATING ANND MAINTENANCE EXPENCE IS : 268978,13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS: 9¢ 423,69
ANNUAL PUMPING COST 1S: 2199313,00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PPOPERTY TAXES ARE: 2689.78
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-OF-WAY COST IS: 2056.00

NET ANNUAL INCOME, BREFORE TAXES AND DEPRECIATION IS:

INFLOWS

294061.19

3787770.00

LACH



YEAR 24 OUTFLOWS

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : $$ 26897824.00
TOTAL SUPPLEMENTARY INSTALLATION CNST [S: 4452744,00
GROSS ANNUAL [INCOME IS

DEPRECIATION IS : 384667.50
ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 268978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCF COST [S: 941423,69
ANNUAL PUMPING COST 1IS: 2199313,00
ANNUAL SUPPLEMFNTARY COSTS ARE: 12000.00
PRNPERTY TAXES ARE: 2689.78
ANNUAL INSURANCE CHARGES ARF: 7623,00
ANNUAL RIGHT-0OF-wWwAY COST 1IS: 2056.00
NET ANNUAL INCOME, BEFQORE TAXES AND DEPRECIATION 1S:

INFLOWS

294061.19

3787770.00

924



YE AR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

25

TOTAL INSTALLATION CNST IS @

TOTAL SUPPLEMENTARY [NSTALLATINN COST [S:
GRNSS ANNUAL [INCOME [S :

DEPRECIATION IS

ANNUAL TPERATING AMD MAINTENANCE EXPENCF IS ¢
ANNUAL FINANCING AND SUPPLEMENTAL FINANGCE COST 1[S:
ANNUAL PUMPING CNST [S:

ANNUAL SUPPLEMENTARY CNSTS ARE:

PROPERTY TAXES ARFE:

ANNUAL INSURANCE CHARGES ARF:

ANNUAL RIGHT-QOF-WAY COST IS:

NET ANNUAL INCOME, BEFNRE TAXES AND DEPRECIATION IS:

$s

NUTFLOWS

26897824.00

4452744,00

329715.00

268978,13

941423.69

2199313,00

12000.00

2689.78

7623.00

2056.00

INFLNWS

294061.19

3787770.00

Lyt



YEAR 26

THF

THE

THE

THE

THF

THE

THE

THE

THF

THE

THE

THE

THF

TOTAL INSTALLATION COST IS =

TOTAL SUPOLEMENTARY [NSTALLATION COST IS:

GROSS ANNUAL [NCOME (S =

NEPRECTATION IS :

ANNUAL NPFRATING AND MAINTFNANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:
ANNUAL PUMPING CNST [S:

ANNUAL SUPPLEMFNTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCF CHARGES ARE:

ANNUAL RIGHT-NF-WAY CNST [IS:

NFT ANNUAL INCOME, BREFDRF TAXES AND DEPRFCIATION [S:

FEDFRAL AND STATF [INCOME TAXFS ARF:

OUTFLOWS

$s 26897R24,00

4452744,00

274762.63
268978.13
941423,.569
2199313,00
12000.00
?589,78
71623.00

2056.00

9649,.28

INFLOWS

294061.19

3787770.00

974



YEAR 27 OUTFLOWS

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : 131 26897824.00

TOTAL SUPPLEMENTARY INSTALLATION COST IS: 4452744,00

GROSS ANNUAL INCOME IS :

DEPRECIATION IS : 219810.13
ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 268978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS: 941423,.69
ANNUAL PUMPING COST IS: 2199313, 00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.90
PROPERTY TAXES ARE: 2689.78
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-OF-WAY COST 1IS: 2056.00

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATF [INCOME TAXES ARF: 37125.53

INFLOWS

294061,19

3787770.00

Lzd



YEAR 28

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

OUTFLOWS

TOTAL INSTALLATION COST IS : s 26897824.00
TOTAL SUPPLEMENTARY INSTALLATION COST 1S: 4452744.00
GROSS ANNUAL INCOME IS :

DEPRECIATION IS @ 164857.63
ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 268978.13
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S: 941423.69
ANNUAL PUMPING COST IS: 2199313.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPFRTY TAXES ARE: 2689.78
ANNUAL INSURANCF CHARGES ARE: 7623.00
ANNUAL RIGHT-OF-WAY COST IS: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE: 64601.78

INFLOWS

294061.19

3787770.00

871



YEAR 29

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATINON COST IS

TOTAL SUPPLEMENTARY INSTALLATION COST 1IS:
GROSS ANNUAL [NCOME IS

DEPRECIATION IS @

ANNUAL NPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS

ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:
PRNOPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST I[S:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

$s

OUTFLOWS

26897824,00

4452744,00

109905.06

268978.13

941423,69

2199313.00

12000.00

2689.78

7623.00

2056.00

92078.06

INFLOWS

294061.19

3787770.00

6cd



YEAR 130

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

OUTFLNWS

TOTAL INSTALLATION COST IS : % 26897324, 00
TOTAL SUPPLEMFNTARY INSTALLATION COST 1S: 4452744,00
GRNSS ANNUAL INCOME IS :

DFEPRECIATION IS @ 54952.53
ANNUAL OPFRATING AND MAINTENANCE EXPENCE IS : 268978.173
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS: 941423,.69
ANNUAL PUMPING COST 1IS: 2199313,00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PRNPERTY TAXES ARE: 2689.78
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0F-WAY CNST IS: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION I[S:

FEDERAL AND STATE INCOME TAXES ARE: 119554.31

INFLOWS

294061.19

3787770.00

ocd



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

2 QUTFLOWS
TOTAL INSTALLATION COST IS : $$ 21345824,00
TOTAL SUPPLEMENTARY INSTALLATION CNST [S: 4452744.,00
E GROSS ANNUAL INCOME IS :

NDEPRECIATION IS : 1264682,00
ANNUAL OPERATING AND MAINTENANCE EXPENCE [S : 213458,.19
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S: 747103, 75
ANNUAL PUMPING COST (S: 1315456.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000. 00
PROPERTY TAXES ARF: 2134,.58
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-OF-WAY COST [S: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE: 81815.50

INFLNWS

1428313,00

3787770.00

1ed



YEAR

THF

THE

THE

THE

THE

THE

THE

THF

THE

THE

THE

THE

3

TOTAL INSTALLATION £0OST IS @

TOTAL SUPPLEMENTARY INSTALLATION CNST IS:

GRNSS ANNUAL INCAMF IS @

DEPRECIATION IS :

ANNUAL NPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S:

ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

E PRIOPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-NF-WAY COST IS:

NET ANNMUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

QUTFLOWS

1 3 21345824,00

4452744.00

1221072.00
213458,19
747103.75

1315456.90

12000.00
2134.58
71623.00

2056.00

103620.50

INFLOWS

1428313.00

3787770.00

fA%C



Y EAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

4

TOTAL INSTALLATION COST IS : $%

E TOTAL SUPPLEMENTARY [INSTALLATION COST IS:

GROSS ANNUAL [INCOME IS :

NEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-DF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLNWS

21345824.00

4452744,00

1177462.00

213458.19

747103.75

1315456.00

12000.00

2134.58

7623.00

2056.00

125425.50

INFLOWS

1428313.00

3787770.00

ged



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

5

TNTAL INSTALLATION COST IS : [X3

TOTAL SUPPLEMENTARY INSTALLATION CNST IS:

= GROSS ANNUAL INCUME IS

DEPRFCIATION IS :

ANNUAL NPFRATING AND MAINTENANCF EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPFRTY TAXES ARE:

ANNUAL [INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NFT ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FENERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824.00

4452744,00

1133853,00

213458,19

747103.75

1315456.00

12000.00

2134.58

7623.00

2056.00

147230.00

INFLOWS

1428313.00

3787770.00

ved



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

6

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY INSTALLATION COST IS:

GROSS ANNUAL INCOME 1S :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:

ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY CNSTS ARE:
PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:
ANNUAL RIGHT-OF-WAY COST [S:

NET ANNUAL INCOME, BEFORE TAXES AND

FEDERAL AND STATE INCOME TAXES ARE:

DEPRECIATION IS:

OUTFLOWS

$s 21345824,00

4452744,00

1090243.00
213458,19
T47103,.75

1315456.00

12000.00
2134,.58
7623.00

2056.00

169035.00

INFLOWS

1428313.00

3787770.00

sed



YEAR

THE

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

7

TOTAL INSTALLATION COST IS : $$

E TOTAL SUPPLEMENTARY INSTALLATION COST 1IS:

GRNSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST I[S:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST 1IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FENERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824,00

4452744,00

1046633.94
213458.19
T47103.75

1315456.00

12000.00
2134.58
7623.00

2056.00

190839.50

INFLOWS

1428313.00

3787770.00

9€d



YEAR

3

THE TOTAL INSTALLATION COST IS : $S

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL SUPPLEMENTARY INSTALLATION COST IS:

GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824,00

4452744.00

1003023.94
213458,19
747103.75

1315456.00

12000.00
2134.58
7623.00

2056.00

212644,50

INFLOWS

1428313.00

3787770.00

L€F



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

9

TOTAL INSTALLATION COST IS @ (X3
TOTAL SUPPLEMENTARY INSTALLATION COSTY IS:

GRNSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDFRAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824,00

4452744.00

959414.19

213458.19

747103, 75

1315456.00

12000.00

2134.58

7623.00

2056.00

234449,38

INFLOWS

1428313.00

3787770.00

8¢l



YFAR

THE

THE

THE

10

TOTAL INSTALLATION COST IS ¢ $s

- TOTAL SUPPLEMENTARY [NSTALLATION COST IS:

GROSS ANNUAL INCOME IS :

DEPRECIATION IS =

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

E PRNPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:
ANNUAL RIGHT-0OF-WAY COST IS:
NET ANNUAL INCOME, BEFDRE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824.00

4452744.00

915804.44
213458.19
T47103.75
1315456.00
12000.00
2134.58
1623.00

2056.,00

256254.25

INFLOWS

1428313.00

3787770.00

6¢€d



YEAR 11

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS = $$
TOTAL SUPPLEMENTARY INSTALLATION COST IS:

GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824,.00

4452744,00

872194.75
213458.19
747103.75
1315456,00
12000.00
2134,58
7623.00

2056.00

278059.13

INFLNWS

1428313.00

3787770.00

ovd



YEAR 12

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS @ 113
TOTAL SUPPLEMENTARY INSTALLATION COST [S:

GROSS ANNUAL INCNME IS :

- DEPRECIATION IS :

= ANNUAL OPERATING AND MAINTENANCE EXPENCF IS

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST 1S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIAY NN IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345R24.00

4452744,00

828585.00
213458,19
747103,.75
1315456.00
12000,00
2134.58
7623.00

2056.00

299864.0C

INFLOWS

1428313.00

3787770.00

%4



YEAR 132

THE

THE

THE

THE

THE

THE

THE

THE

THF

THE

THE

THE

THE

OUTFLOWS
TOTAL INSTALLATION COST IS : $¢ 21345824, 00

TOTAL SUPPLEMENTARY INSTALLATION COST [S:

4452744,900

GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

784975.25
ANNUAL OPERATING AND MAINTENANCE EXPENCE 1S : 213458.19
ANNUAL FTINANCING AND SUPPLEMENTAL FINANCE COST [S: 747103.75
ANNUAL PUMPING CNST [S: 13154561~
ANNUAL SUPPLEMENTARY COSTS ARFE: 12000.7n
PROPERTY TAXES ARF: 2134.53
ANNUAL INSURANCF CHARGES ARE: 7623.00
ANNUAL RIGHT-OF-WAY COST IS: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION [S:
FEDERAL AND STATE INCOMF TAXES ARE: 321668.88

INFLOWS

1428313.00

3787770.00

A/



YEAR 14

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : $$
TOTAL SUPPLEMENTARY INSTALLATION COST I[S:

GRNSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST [S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL TINSURANCE CHARGES ARE:

ANNUAL RIGHT-DF-WAY COST I[S:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824.00

4452744,00

T41365.50
213458.19
747103.75
1315456.00
12000.00
2134.58
7623.00

2056.00

343473.75

INFLOWS

1428313.00

3787770.00

evd



YEAR 15

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : s
TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL INCNME IS :

DEPRECIATION IS :

ANNUAL DPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-DF-WAY COST 1S:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

21345824,00

4452744,00

697755.75
213458.19
747103.75
1315456,00
12000.00
2134.58
7623.00

2056.00

365278.63

INFLOWS

1428313.00

3787770, 00

VAL



YEAR 16

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THF

THF

THE

TOTAL INSTALLATINN COST 1S : $$
TOTAL SUPPLEMENTARY INSTALLATION COST 1Is:

GROSS ANNUAL [INCOME [S :

DEPRECIATION [S :

ANNUAL OPERATING AND MAINTENANCE EXPENCE [S

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:
ANNUAL PUMPING COST [S:

ANNUAL SUPPLEMENTARY CNSTS ARE:

PRNPERTY TAXES ARE:

ANNUAL [NSURANCF CHARGES ARE:

ANNUAL RIGHT=NF-WAY COST [S:

NET ANNUAL INCOME, REFNRE TAXFS AND NDEPRECIATION [S:

FENERAL AND STATF [NCOMF TAXES ARE:

DUTFLOWS

21345924, 00

4452744,00

654145,75
213458,.19
747103,75
1315456.970
12000, 00
2134.59
7623,90

2N56.90

3370413,61

INFLNOWS

14293113,0n

3787770.00

Sva



THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALULATION ~AST (S

TATAL 5)POLT4ENTA2Y INSTALLATION COST [S:

SRISS ANNUAL INCOME {S

DFORFCIATINN IS

ANNUAL NPFRATING AND YAINTEMANCE FXPENCE [S
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S:
ANNUAL PUMPING COST ISt

ANNUAL SUPPLEMENTARY COSTS ARE:

P2NPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST 1IS:

NET ANNUAL INCNOME, BEFORE TAXES AND NDEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

$$ 21345824,00

4452744.00

610536.31
213458.19
747103.75
1315456.00
12000.00
2134,58
7623.00

2056.00

408888.31

INFLOWS

1428313.00

3787770.00

9vd



YEAR 18

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS :
TOTAL SUPPLEMENTARY INSTALLATION COST 1S:
GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:
ANNUAL PUMPING COST 1S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, REFORE TAXES AND DEPRECIATION [S:

FEDERAL AND STATE [NCOME TAXES ARE:

OUTFLOWS

&

$$ 21345824,00

4452744,00

566926.56
213458.19
T747103.75
1315456.00
12000.00
2134.58
7623,00

2056.00

430693.19

INFLOWS

1428313.00

3787770.00

L9d



YEAR 19

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING CNST IS:

ANNUAL SUPPLEMENTARY COSTS ARF:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, REFORE TAXES AND DEPRECIATION IS:

FENERAL ANND STATE INCOME TAXES ARE:

$$

OUTFLOWS

21345824, 00

4452744,00

523316.81
213458,19
747103.75
1315456.00
12000.00
2134.58
7623.00

2056.00

452498.06

INFLOWS

1428313.00

3787770.00

8va



YEAR ?0

THE

THF

THE

THE

THE

THE

THF

THF

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS : $$
TOTAL SUPPLEMENTARY INSTALLATION COST IS:

62055 ANNUAL [NCOME IS

DEPRECIATION S :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS:
ANNUAL PUMPING COST [S:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-QF-WAY CNST IS

NFT ANNUAL INCOME, REFORF TAXES AND DEPRECIATION IS:

FENERAL AND STATE INCOME TAXES ARF:

OUTFLOWS

21345824,00

4452744,00

479706.81

213458.19

747103,75

1315456.00

12000.00

2134.58

7623.00

2056.00

474303,06

INFLONWS

1428313,00

3787770.00

6v3d



YEAR 21

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION COST IS :

TOTAL SUPPLEMENTARY INSTALLATION COST IS:
GROSS ANNUAL INCOME IS :

DEPRECIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST 1S:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION Is:

FEDERAL AND STATE INCOME TAXES ARE:

OUTFLOWS

$$ 21345824,00

4452744.00

436097.06
213458,19
747103.75
1315456.00
12000.00
2134,58
7623.00

2056.00

496107.94

INFLOWS

1428313.00

3787770.00

0sa



YEAR 22

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSTALLATION CIST IS

TOTAL SUPPLEMEMNTARY INSTALLATION COST [S:

GROSS ANNUAL INCOME IS

DEPRECTATION 1S

ANNUAL NPERATING AND MAINTENANCF FXPENCE 15§

ANNUAL FINANCING AND SUPPLEMENT AL FINANCE COST IS:
ANNUAL PUMPINS CNOST [S:

ANNUAL SUPPLEMENTARY CDSTS ARE:

PPAPERTY TAXES ARF:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-NF~WAY COST [S:

NET ANNUAL INCOME, REFORF TAXES AND DEPRECIATION 1St

FEDERAL AND STATE [NCOME TAXES ARF:

OQUTFLOWS

5% 21345324, 09

4652744,90

392427,43
213458,19
747103, 75
1315456, 00
12000.90
2134,58
7623.90

2056,10

517912.69

INFLY4S

142R8313,00

37371770.00

1ed



YEAR 23

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THF

= TOTAL INSTALLATION CNST IS

TOTAL SUPPLEMENTARY INSTALLATION CNAST [IS:

GRMISS ANNUAL INCOME IS :

NEPRECIATION IS

ANNUAL DPERATING AND MAINTENANCE FXPENCF IS :
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST (S:
ANNUAL PUMPING CNST IS:

ANNUAL SUPPLEMFNTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BFFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

QUTFLOWS

$% 21345824, 00

4452744.00

348877,88
213458.19
747103.75
1315456.00
12000.00

2134.58

7623.00-

2056.00

539717.50

INFLNWS

1428313.00

3787770.00

(A%



YEAR 24

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

DUTFLOWS

TOTAL INSTALLATION COST IS : $$ 21345824,.00
TOTAL SUPPLEMENTARY INSTALLATION COST [S: 4452744,00
GROSS ANNUAL INCOMF [S :
DEPRECIATION IS : 305267,.38
ANNUAL OPERATING AND MAINTENANCF FXPENCE IS : 213458.19
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE CoST 1IS: 747103.75
ANNUAL PUMPING CNST 1S: 1315456.00
£ ANNUAL SUPPLEMENTARY COSTS ARE: 12000,00
PROPERTY TAXES ARE: 2134.58
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0OF-WAY COST [S: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:
FEDERAL AND STATE INCOME TAXES ARE: 561522.50

INFLOWS

1428313.00

3787770.00

€6l



YEAR 25

THE

THE

THF

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

TOTAL INSYALLATION COST IS

TOTAL SUPPLEMENTARY INSTALLATION COST IS:

GRNSS AMNUAL INCNME S

NEPRECTIATION IS @

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS :
ANNUAL FINANCING AND SUPPLFMENTAL FINANCE COST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PRNPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST IS:

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

QUTFLOWS

$$ 21345824,00

4452744.00

261658.44
213458.19
747103.75
1315456.00
12000.00
2134,.58
7623.00

2056.00

583327.00

INFLOWS

1428313.00

3787770.00

VA



YEAR 26

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

NUTFLOWS
TOTAL INSTALLATION COST IS = $$ 21345824, 00
TOTAL SUPPLEMENTARY INSTALLATION COST IS 4452744,00
GROSS ANNUAL INCOME IS =
DEPRECIATION IS : 218048.69
ANNUAL OPERATING AND MAINTENANCE EXPENCE IS : 213458.19
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST IS: T47103.75
ANNUAL PUMPING COST IS: 1315456.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPERTY TAXES ARE: 2134.58
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-NF-WAY COST IS: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION I[S:
FEDERAL AND STATE INCOME TAXES ARE: 605132.00

INFLOWS

1428313.00

3787770.00

g6l



YEAR 27

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

QUTFLOWS
TOTAL INSTALLATION COST IS $$ 21345824.00
TOTAL SUPPLEMENTARY INSTALLATION COST [S: 4452744.00
GROSS ANNUAL INCOME [S :
NEPRECIATION IS : 174438, 94

ANNUAL OPERATING AND MAINTENANCF EXPENCE IS : 21345819

ANNUAL FINANCING AND SUPPLEMENTAL FINANCE COST [S:

T47103.75
ANNUAL PUMPING COST I[S: 1315456.00
ANNUAL SUPPLEMENTARY COSTS ARE: 12000.00
PROPERTY TAXES ARE: 2134,54
ANNUAL INSURANCE CHARGES ARE: 7623.00
ANNUAL RIGHT-0OF-WAY COST IS: 2056.00
NET ANNUAL INCOME, BEFORE TAXES AND OEPRECIATION IS:
FEDERAL AND STATE INCOME YAXES ARE: 626937.00

INFLOWS

1428313.00

37877170.00

9¢a



YEAR 28

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

E TOTAL INSTALLATION CNST IS : $s

TOTAL SUPPLEMENTARY [INSTALLATION COST IS:

GROSS ANNUAL INCOME IS :

DEPRECTIATION IS :

ANNUAL OPERATING AND MAINTENANCE EXPENCE IS ¢
ANNUAL FINANCING AND SUPPLEMENTAL FINANCE CNST IS:
ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMENTARY COSTS ARE:

PROPERTY TAXES ARE:

ANNUAL INSURANCE CHARGES ARE:

ANNUAL RIGHT-0OF-WAY COST ISt

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE:

OQUTFLOWS

21345824,00

4452744,90

130829.19
213458.19
747103,75
1315456,.00
12000.00
2134,58
7623.00

2056.00

648741.50

INFLOWS

1428313.00

3737770.00

4|



YEAR

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

THE

29 OUTFLOWS
TOTAL INSTALLATIN €AST IS : s 21345824.00
TOTAL SUPPLEYENTADY [NSTALLATINN COST [S: €452744.00

52NSS ANNUAL [INCNMD (S

NEPRECIATINN IS : 87219.44
ANNUAL NPERATING AND MAINTENANCE EXPENCE IS @ 213458.19
ANNUAL FINANCING AND SUPPLFMENTAL FINANCE COST IS: 747103.75
ANNUAL PUMPING CNST [S: 1315456.00
ANNUAL SUPPLEMENTARY CNSTS ARF: 12000.90
PROPERTY TAXES ARE: 2134,.58
ANNUAL INSURANCF CHARGES ARE: 7623.00
ANNUAL RIGHY-0F-WAY COST IS: 2056,.00

NET ANNUAL INCOME, BEFORE TAXES AND DEPRECIATION IS:

FEDERAL AND STATE INCOME TAXES ARE: 670546.50

INFLOWS

1428313,00

3787770.00

861



YEAR 30

THE

THE

THE

THE

THE

THE

THE

THF

THE

THE

THE

THE

THE

TAOTAL INSTALLATION €2ST (S @

TATAL SUPPLEMENTASY [MSTALLATINY CPST IS:

GROSS ANNUAL INCOIME [§

DEPRECIATION IS

ANNUAL OPERATING AN) MAINTENANCE EXPENCE 15§

ANNUAL FINANCING AND SUPPLFMENT AL FINANCE COST IS:

ANNUAL PUMPING COST IS:

ANNUAL SUPPLEMFENTARY COSTS ARE:
PROPERTY TAXES ARF:

ANNUAL INSURANCE CHARGES ARE:
ANNUAL RIGHT-OF-WAY COST IS:

NET ANNUAL INCOME, REFORE TAXES AND

FEDERAL AND STATE INCOME TAXES ARE:

DEPRECTIATION [S:

OUTFLOWS

$$ 21345824,00

4452744,00

43609.73
213458,19
747103,75

1315456, 00

12000.00

134,58
7623,00

2056.00

692351.50

INFLOWS

1428313,00

37”7770, 00

653
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