A REPLACEMENT CONSTDERATION

IN CONDUCTOR ECONOMICS

A Thesis
by
ORLANDO ANTONIO CINIGLIO MANZZO

Submitted to the Graduate College of
Texas A&M University
in partial fulfillment of the requirement for the degree of

MASTER OF SCIENCE

August 1977

Major Subject: Electrical Engineering



A REPLACEMENT CONSIDERATION

IN CONDUCTOR ECONOMICS

A Thesis
by

ORLANDO ANTONIO CINIGLIO MANZZO

Approved as to style and content by:

Y

,(Chalrman of Commlttee)

\.'

(Member)

AN A
(Member) (Member),

August 1977

2005




ABSTRACT

A Replacement Consideration in Conductor
Economics (August 1977)
Orlando Antonic Ciniglio Manzzo, B.S.,
Louisiana State University

Chairman of Advisory Committee: Prof. John S. Denison

This thesis deals with the subject of conductor
economics. Its uniqueness is based upon the introduction
and determination of replacements as a means of obtaining
minimum investment and operating costs,

A computer program is designed in order to imple-
ment this idea. Major emphasis is placed upon allowing
for the inclusion into the program of any reasonable
changes in the characterization of the model.

Results covering a wide range of operating and
initial conditions are presented. Finally, a method
which deals with bundled and mixed conductor installation

is developed.



ACKNOWLEDGMENTS

The author wishes to express his gratitude to
Professor John S. Denison for his help and support
throughout the research and writing of this thesis.

The authors thanks are expressed to Dr. Alton D. Patton,
Dr. Darald J. Hartfiel and Dr. Stephen K. Jones, members
of the committee, for their suggestions throughout the

elaboration of this thesis.



TABLE OF CONTENTS

Chapter Page
I. INTRODUCTION . . . . . . . . . . . .. .. 1
II. REVIEW OF THE LITERATURE . . ., . . . . . . 4
Kelvin's Law. . . . . . . . . . . . .. 4
Conductor Sizing for Distributed Load . 5
Time Varying Load Without
Replacements, . . . S e e e e e 6
III. STATEMENT AND SOLUTION OF THE PROBLEM. .« . 8
An Approach by DP (Dynamlc
Programming). . . . e e e e e 8
Method of Solution., . . . . . . . . _ . 17
Program Analysis. . . . . . . . . . . . 26
IV. RESULTS. . . . . . . . . v W« v . .. .. 41
Sample Case ., . . . . . . ., . . . . .. 41

Ideal Case. . « . . . & W 4 W . ... 75
Non-reusable Conductor. . . . . . . . . 77
Salvage Value Modeling. . . . . . . . . 82
Constant Load . . . . . . . . . . . ., . 85
Increasing Annually Compounded Load . .-: 85
Interest and Inflation Rates. . . . . . 87

« AVAILABLE OPTIONS. . . . . . , . . . . . . 93

<

Dealing with Existing Conductor
Installations . . . . ., . BTN 93

Bundled and Mixed Installations . . . . 94



Chapter

VI.

CONCLUSIONS

REFERENCES.

APPENDIX.

VITA.

Page
97
100
102
115



Table

10
11
12
13
14
15

LIST OF TABLES

Data for Sample Systems . . . . .
Annual Cost Figqures . . . . . . . . . .
Optimal Conductors Without Replacement.
Best Two Conductor Combinations . . . .
Comparative Results (Two Conductor Case)
Best Three Conductor Combinations .

Comparative Results (Three Conductor
Case) . . . . . . . . ...l

Best Four Conductor Combinations. . .
Effective Current (Amperes) . . . . . .
Results for Ideal Case. . . . . . .
Results for SALVAGE = 0 Case. . . . . .
Results for SALVAGE VALUE # 0 Case. . .
Results for Interest Rate Case. . . . .
Results for Inflation Case. . . . . .

List of Program . . . . . . . . . . . .

viii

Page
42-43
44-53
54-56
57-59
61-63

64-66

67-69

70-72

73-74
78
81
84
89

91

«+ 107-114



Figure
1
2

10
11
12

13

14
15
16
17
18

LIST OF FIGURES

Forward Multistage System . . . . . . .
Multistage Decision System. . . . . . .
Single Stage Representation . . . .
Time Scale (M=1). . . . . . . , .

Time Scale (M=5). . . . . . . . . ., ..

Matrix of hardware and structure costs.
PW and TPW in the time scale. . . . . .
Total present worth TPW Table . . . . .
A replacement in the time scale . . . .
Replacement cost representation . , . .
Partitions of a time interval . . . . .

Replacement schedule. Sample case.
(Three conductor study) . . . . . . .

Replacement schedule. Sample case.
(Two conductor case). . . . . . . . .

Replacement schedule. Ideal case . . .
Salvage value curves. . . . . . . . . .

Replacement Schedule. Scrap conductor

Salvage value curves. . . . . . . . . .

Effect of change in the rate of
current growth. (Zero salvage value)

Page

. 10
. 10
[ 15
- . 21
C. 22
.. 31
.. 32
I 33
. 35
. 38
.. 38
.- 60
e 75
.. 77
. 79
[N 80
P 83
PN 87



SYMBOL
AIl:

APE:
ACL(K,I):
CCOND:
CINST:
CK:

CRF':

CVALUE (K) :

FINMIN(I) :

N:

NCON:

NN(M,I):

NNL (KNCDTS,
NFINAL) :

PAC(K,I):

PACCRF (K, I):

PACO(NCDTS, I):

PW(K,I):

NOMENCLATURE

Interest rate.

Amortization period.

Annual cost of losses.

Cost of conductor ($/1bs)

Cost to install (conductor) ($/1bs)
Growth rate of current.

Capital recovery factor

Proportionality factor for salvage value
of conductor K.

Cost of the best installation for I years.
(Salvage value of the last conductor for
that installation is not included.

Number of years under study.

Number of conductors in study.

Most economic conductor for years M to I.
Denotes optimum number of years in first
period for an installation of KNCDTS
conductors, in time and a total of
KFINAL years.

Annual investment cost of conductor X.
Annual investment cost of conductor K
excluding taxes, insurance, operations
and maintenance.

Annuities paid on initial investment of
conductor being replaced.

Present worth of annual cost of conductor
K at year I.



REMOVE (K, I):
SHAPE:
SPPWF :

TMIN (NFINAL) =

TPW(K,I):

TPWWSA (K, I):

USPWF:

VALUE(K,I):

xi

Cost to remove conductor K at year I.
Parameter of salvage value equation
Discounting factor.

Total cost of an installation for NFINAL
years with one replacement at year I.

Present worth of total annuities on
conductor K up to year I.

As previous term but including net
salvage value.

Discounting factor for end-of-period
payments.

Salvage value of conductor K after I
years of use.



CHAPTER I

INTRODUCTION

With the rising costs of oil and its by-products,
methods for more efficient energy production, trans-
mission and utilization are being developed. As an
attempt to contribute to this trend, this thesis deals
with the transmission part of the problem, more pre-
cisely with the always present problem of economic
conductor sizing.

A computer program is developed that yields the
best strategy to follow in electric line conductor
selection and replacement schedule so that optimum
conductor utilization, from an economic viewpoint,
over a long period of time will be achieved.

Flexibility is maintained by permitting the user
to select the parameters such as conductor cost,l
inflation rate, interest rate,2 load growth rate,
depreciation method,B'4 salvage value evaluation and
some others that will best fit his own system condi-
tions.

Previous work has been done on optimum conductor

sizing for a uniformly distributed type of load.3'5'6

The journal IEEE Transactions on Power Apparatus
and Systems is uséd as a pattern for format and style.




Although consideration has been given to load growth

effects 6.7,8

the study of replacement feasibility under
these conditions has been ignored.

The purpose of this thesis is to investigate this
latter subject and its effects in optimum conductor
selection for installation and replacement schedules in
the long run.

Decisions over which scheme to adopt are based
primarily on the magnitude of the difference in total
costs. In general, storage facilities, variance of eco-
nomic and physical factors and a good engineering judge-
ment will dictate the policy to follow. It is suggested
for whatever policy being adopted to realize a new study
just before the new replacement is due so that possible
changes in original assumptions may be included.

An approach to the problem of conductor sizing and
replacements by means of dynamic programming is stated.
The equations necessary in order to follow the logic of
the solution are listed with their explanations. Although
this method presents a general function to be optimized,
its actual implementation may not necessarily follow all
the described steps, 1In this thesis, the solution pre~
sented has been arbitrarily chosen, in as far as DP
(Dynamic Programming) is concerned. Even when some
basic ideas coinc;&e, explicit application of DP tech-



niques were not considered at the time the program was
created.

The method of solution is described qualitatively
first and then quantitatively by following the steps
prescribed by the program. Results representative of
typical case studies are included. These cover varia-
tions in salvage value modeling and their effects on
replacement policy. Some of the other cases presented
deal with specific conditions imposed by inflationary
and interest rates.

A simple but straight forward approach to bundling
and mixed replacements, that is, single conductors
replaced by bundled installations is enclosed. Consi-~
deration is given to the very usual case where the con-

ductor installation is already in service.



CHAPTER II

REVIEW OF THE LITERATURE

This thesis does not constitute the only contri-
bution to the subject of conductor economics. It would not
be likely, that man would constantly look for new and
better ways of producing energy and yet take no action
in improving, technically or economically the ways of
transmitting it. Although there has been some sugges-—

tions’®

on how to approach the problem of optimum con-
ductor replacement, no effective implementation of this
method is currently available. Some of the other work
pertains to economic sizing as related to distribution

loading, varying load and other factors which will next

be discussed.

Kelvin's Law

Stated simply it defines the most economic size of
conductor as the one which results in annual waste-
energy costs equal to annual investment costs. This
defines a situation where investment costs are directly
proportional to the area of the conductor, and the energy
costs are inversely proportional to it. This case can
be simply approximated by an equation of the form pre-

sented in the Appendix. Basically, this type of pro-



cedure was used for conductor sizing type of problems
during the first half of this century. When more realis-
tic conditions like distributed loads, time varying loads,
conductor costs gs a function of the design of support-
ing structures,9 future replacements and some other
factors are taken into consideration, the problem of

optimum conductor sizing becomes much more complex than

a simple Kelvin's Law problem.

Conductor Sizing for a Distributed Load

It usually happens that the load in a distribution
line is not constant throughout its length, but systema-
tically decreases as it reaches to its end, that is for
a radial type of distribution line. A paper5 dealing
with the subject of conductor sizing, for long radials
with evenly distributed loads, presented the use of
combinations of different conductor sizes along the
length of the line as a mean to minimize losses. It
was proven that the use of three specific sizes in a
combination is more economical than the use of only
one or two sizes for a typical radial installation.

The paper omitted different annual costs due to possible
variation in hardware costs for each of the conductors
treated. Even if the final cost of the combination

turned out to be the most econocmical, it is clear from



some of the graphs presented in that paper that the
difference in total costs if only the larger conductor
were used were not of considerable magnitude. The use
of conductor combinations find its application primarily
in radial and uniformly distributed lines. This method
arises from the fact that generally in radial distri-
bution lines, the use of only one optimum conductor
along the line may result in a conductor that is too
small at the sending end and too large at the remote
end.

This situation may result from the use of a correc—
tion factor® to account for the degree of distributed
loading. Even if this were the case, the use of only
one conductor would be justified as long as the current
will not exceed the carrying capacity of the conductor.
Anyhow, most of today's systems are interconnected and
such a severe variation between two extremes of a line
is almost rare. With this assumption, the program de-
veloped in this thesis ignores this condition (radial
distributed loads), altogether. Nevertheless, provi-
sions for incorporating the use of a correction factor

have been made.

Time Varying Load Without Replacements

In the past a conductor was selected that would

safely handle the load with some safety factor. Load



growth was seldom considered. A paper6 which considers
the effects of load growth and the effects of the time
value of money on economic conductor sizing is available
in the literature. It presented in a straight forward
manner and by direct application of Kelvin's Law a way
to solve the problem of conductor optimization. The
three major subdivisions of the total cost of this kind
of installation, the demand cost, the energy cost, and
the so-called fixed charges are thoroughly explained in
the referred paper. Although it presents an analytical
solution to the problem of conductor sizing with vary-
ing load, it completely avoids the introduction of re-
placements as a mean for diminishing revenue require-
ments.

The literature available on the subject of con-
ductor economics is not very profuse. Most of the work
done deals with direct application of Kelvin's Law and

a few comments on replacement economics.



CHAPTER III

STATEMENT AND SOLUTION OF THE PROBLEM

An Approach by DP (Dynamic Programming)

The purpose of dynamic programming is to optimize
a criterion function subject to constraints.
The dynamic programming problem is defined in terms

10 the state, the stage, the decision

of five entities:
space, the transformation function and the criterion
function. The state is specified by the set of para-
meters necessary to make the current and all future deci-
sions. A stage exists every time a decision is to be
made. The decision space is the space of all possible
decision variables. It may be a function, as it is in
our case, of the system at any stage. The transforma-
tion function relates the new state to the old one.
Finally, the criterion function which expresses the per-
formance of the system, the total cost of the different
alternatives in our case and is a function of all the
decisions made and the initial stage.

Let Ty denote the total cost of certain conductor

installation

Ty = EC(D )+FC(D )+ (Dn-Dn_l)F(Dn_l) (1)



1 if D -D _, #0

§(b -D__,) = (2)
n o=l 0 Otherwise.
Dy
Ds
D=j: (3)
Dn '

The vector D represents the vector of decision
variables made in every stage of the study. Specifi-
cally Di represents the conductor in the line at year
i. EC(Dn) is the present worth of annual energy and
demand costs if conductor D, were in service that year.
FC(Dn) is the present worth of fixed charges correspond-
ing to conductor Dn. F(Dn_l) represents the present
worth of the unamortized investment of conductor D1
on the line at the time (n-1) minus the net salvage
value of the same conductor. The problem is to find
the optimum ry Or what is the same the optimum vector
of decision variables that will optimize the criterion
function.

In the so called forward multistagell analysis,
the study starts at year 1, with a given initial stage
xo and through a series of transformations usually depen-
dent on the decision variables and input states it
finally terminates at state xN. Figure 1 shows the

corresponding flow diagrams.
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P e e M e e T

Figure 1. Forward Multistage System

The tl' N tN terms which represent the transfor-
mations, merely define the relationship between input
and output. They express each component of the output
state as a function of the input state and the decision
variable, Y-t(X,D). Where X denotes the input and D the
decision variable.

A serial multistage system consist of a set of
stages joined together in a series so that the output
of one becomes the input of the next. The transforma-
tion t at each stage is a function of the input to the

stage and the decision variable. 1In a graphical sense

this may be represented by:

Figure 2. Multistage Decision System

For the n-stage system the transformation is:

%= gD, ) L



The rl,rz, - rN terms represent the cost incurred by
choosing certain decision variables at stages 1,2, ... N.
Clearly each one of them is a function of the input, out-

put and decision variable at a particular stage.

r = r(XO,XlDl) (5)
but since Xl= t(XO,D) (6)
r = r(XO,D) (7)

This states that the independent variables affect-
ing the stage cost are X and D since these two uniquely
specify the output.

The stage cost is defined by:

rn=rn(xn—l'Dn) (8)
From the transformations, it follows that Xn—l depends
only on the decisions made prior to and including stage
n-1, (Dl'DZ’ Dn—l) and Xy Or,

X =t

n-1 = ool Fnope Doy = b g (6 50X 3uD o)D)

= tn-l(xn—Z‘Dn-Z'Dn—l) = tn-l(tn—B(xn—4'Dn-3)'
(9)
Ph2/Ph-1)

= Fn-1n_gePyo3ePy_psDp_y) = £,(Xg,Dy /Dy ol D)

Combining equation (9) with the cost function, it
follows that the cost of stage n depends only on the

decisions (Dl,DZ e Dn—l) and X That is,

o
Tn = Tnl¥qo1eBp) = I (e (XpuD) Dy oo D 300D (g

= rn(xo,Dl,Dz . Dn)

11
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From which we can deduce, that Dn affects the cost from
stages n to N only.

It is suggested to think of the decision variables
as the conductor being chosen at each stage. The seguen-
tial order or the stages forces the decisions to be
determined as functions of what came before. The state
variables, X, are introduced in order to summarize
these decisions. The criterion function to be minimized
will be formed by the total present worth of the dis-~
tinct stages. ‘

The total cost RN from stages one through N is
some function of the individual stage costs.

RN(XO'Xl’ Xn—l'Dl’DZ’ ces Dn) = q(rl(XO,Dl),

Ty (XyDy)y .en Ty (Xg_1.Dy))

But from previous equations we found that (Xl,Xz,

(11)

e xN—l) can be eliminated from the individual state

costs and consequently from total cost. Eqt. 6 & 7.
RN(XO'DI'DZ' cen DN) = g(rl(XO,Dl),rz(XO,Dl,DZ), (123

rN(XO,Dl,DZ, cee DN)

The N-stage minimization problem becomes then that of

minizing the total cost RN over the decision variables

(Dl'Dz’ “ee DN), thus finding the optimal cost as a

fupction of the ihitial state Xo. 'The vector of deci=

sion variabies, (Dl,Dz, +-+ Dy, represents the conduc-
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tor scheduled to be used in each particular year i,

Denote FN(XO) as the minimum N-stage cost.

Subject to XY = tn(DN Xn-l)'
min
Fy(Xy) = Di’DN y [rl(XO'DI)’rZ(XO’DZ)' B 13
rN(XN—l'DNi
min
= DIIDN [Il(XO,D1)+r2(Xl,D2)+ [
rN(XN_l,DN)J
min
FN(XOJ = Dl'D [ 1( 0,D )+r2(X0,Dl,D2)+ o 0

n(XgsDysDys -nn an.

Equations 13 and 14 represent the criterion function.
In its present form, it would mean solving one optimiza-
tion problem, in which decisions are interdependent.
An easier way of dealing with this problem is to decom-
pose it into N (number of decision variables) subpro-
blems. Individual solutions are then combined to obtain
the solution to the original problem. Note that in:

min [
= Dl'DN rl(XO,Dl)+r2(Xl,D2)+ “en
rN‘XN-l'DNO]

1) The first stage does not depend on D2'D3""DN'

Fo{X,)
N'%0 (1s)

2) For arbitrary real-valued functions hl(ul) and

hz(ul,uz).



min [ ]
h, (U, )+h, (U, ,U,) | =
Ul,UZ 171 27172

(16}
min min
U l:hlwl) tog, |B2(UpaUy)
1 2
Then,
min
N (Xg) = D, rl(XO,Dl) +
(17)
min
p,,py |T2F1rP)* et rN(XN—l'DN)”
subject to Xh = tn(Dn,Xh_l)
From the definition of FN(XO) it follows that
min
Fy-1 (X7) :DZ’DN To(Xy Do)+ ..+ rN(xN_l,DN)] (18)
Which represents the stage costs from the second stage
up to stage N, for a total of N-1 stages. Where now,
Xl is the initial state. It then follows from egt. 17,
min
Py (Xy) Tpy | F1ForPy) My (X | =
(19)
min
D, rl(XO,D1)+FN_1(t1(XO,DlH
Define
Ql(XO,D1)=rl(XO,D1)+FN_1(tl(XO,D1)) (20)

Determining FN(XO), and D1=Dl optimum, given FN_l(Xl)
is simply a one stage initial state optimization problem

with state variable xo, decision variable D1 and cost Ql'

14
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that is,

min
F(Xg) = b, Ql(XO,Dl)] (21)
At this point the original N-stage problem is

divided into two smaller problems

min
1) Fy_, (X)= DDy {IZ(Xl'DZH' e 22
rN(XN_l,DN)]
min min
2) Fy(Xy)= b, Q) (X4,D) = D, [rl(xo,Dlj + (23)

Fy-1 (8 (Xg,D}) )]

By treating FN_l(Xl) and then FN~2(X2], -
FZ(XN—Z) the same way as FN(XO), the original problem
is decomposed into N-one stage optimization problems.

Figure 3., shows graphically how the problem is

divided into N stages before being solved.

- N
0
) 1~ { N
0 12 N-1
— —iN
1 23 . N-2 -
2 34 . N-3 | !

v\ ) Z Z
— b——
N-3 N-2N-1 1
N
N-1 1

Figure 3. Single Stage Representation
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Starting with the N stage, the solution is obtained
by backwards substitution. Note that Py does not affect
the cost for stages less than N.

Although the problem is theoretically solvable at
this point, application of these relations to the real
problem may be done in several different ways and gener-
ally depending on the nature of the problem itself. 1In
general, the stages, states and transformations may not
be in the original problem. They would have to be con-
structed as to make the recursive solution of the prob-
lem possible. This is why, DP is more considered an
approachlo than an algorithm.

As previously stated in the introduction, a direct
application of dynamic programming to the solution of
this problem has been avoided. Nevertheless, the method
of solution divides the complex multistage problem into
many single stage problems in the same manner as it is
done in dynamic programming.

Minimization is first done over all possible conduc-
tors in similar periods of time and then over adequate
time intervals.

This procedure yields the desired optimum conductor
and replacement years. An explanation of these ideas

are presented in more detail in the following sections.
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Method of Solutjon

Due to the large amount of calculations involved in
the search for the optimum replacement policy, the use
of a computer program plays an important role in the
development of this thesis. The program is written in
the Fortran IV language and is designed to fit almost any

requirement from the user.

A Statement and Solution of the Problem.

As in most engineering economic studies both the
first cost and the operating cost are functions of the
same design variable, in this case the area of the con-
ductor. The first cost increasing directly with the
area and the operating cost inversely.

In the study of conductor economics, the function
to be minimized is composed of three major components:
annual investment cost, annual energy cost and annual
demand cost. The first component also known as the fixed
charges component of the total annual cost, will consist
generally of:

1. Interest on Money

2. Repayment or amortization

3. Operation, maintenance and other costs

4. Taxes

5. Insurance and Casualties

6. Replacement
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The interest should be representative of the cost
of new money. Or that amount required to bring new
capital to the utility.

Generally if the single conductor optimization study
is to be done, the period of years over which the costs
are evaluated should be the physical life of the line.
All costs are then considered over the same period giving
a fully amortized line at the end of the period. In the
case of future replacements, usually the new installation
takes place before the estimated life of the first con-
ductor is over. In this case even if the first conduc-
tor has not been fully amortized, it has a certain sal-
vage value which can be subtracted from the cost of the
new installation. Annuities on the investment of the
old installation remain to be paid for the rest of its
assumed life. Practically this may be done by convert-
ing the resulting series of annuities into a single lump
sum at the time of replacement.

Operating and maintenance costs are generally com-
posed of:

a) Material Cost: Cost of material required for
operation and majiptenance, cost of handling and storing
of this material, taxes resulting from procurement of
these materials. and cost of purchasing, inspecting and

accounting for materials.



b) Labor Cost: Should include direct payroll,
cost, provisions for vacations, sickness and so forth,
tools and work equipment.

c) Other Costs: Power and energy for driving
equipment, crop damage, tree trimming, etc.

Taxes, insurance and casualty are also expressed as
a percentage of the installed cost.

The replacement factor which accounts for certain
adjustments necessary whenever a replacement is made.
For example, after a conductor has been replaced for
another one, the fixed charges will consist now of those
of the new conductor plus those on the old one, but only
due to the recovery of capital. Omitting the tax, insur-
ance, operation and maintenance components.

The second component of the annual cost equation
is the energy charge, which is just the cost of the kwhr-
losses in the line each year. It is made up of the pro-
duct of the cost per Kwhr produced, times the number of
hours in a period (year), times the yearly peak load,
times the loss factor. Where the last term is defined
as the ratio of kilowatt hours of loss during a period
over the hours in a period times the peak loss in kilo-
watts. In the expression for the energy cost, (see

Appendix) the current represents the yearly peak current.

19



The last component, the demand charge, is the cost
which is incurred to maintain sufficient system capacity
to supply the 12R losses. It is defined also as the
annual cost of the extra investment in eguipment needed
to supply these kwhr-losses. In calculating the demand
charge there should be a kw of installed capacity in
order to produce it. In recent years this idea has been
subjected to further study since it has been noted that
one added kw of load or of loss at a time of system peak
cannot even be observed on recording instruments. There-
fore, it can neither affect reported peak loads nor any
schedule of capacity installations. This last state—
ment raises the question: How large must this incremen-
tal load be in order to result in recognizable incre-
mental carrying charges? Obviously a line must be
drawn somewhere, or one could argue that the company's
total lead could be supplied without incurring in any
carrying charges at all. Whichever of the two state-
ments is correct, it is of no conseqguence to this work.
What is presented here is a method of solution, and the
values assigned to the variables are chosen according
to the criterion of the user.

The basic case involves calculation of the cost of
demand and energy components every year. Investment cost,

also known as fixed charges remains more or less constant

20



throughout the life of the conductor. If the economic
choice is done based on the minimum revenue reguirement
method, it is necessary to refer all annual costs to
present worth, add them up and find the constant-annuity
that would represent these requirements. It is clear
that if this is to be done, the life of the project must
be known beforehand. The program is designed to make
economic comparisons based upon total present worth
values rather than utilizing the levelized sums of the
minimum revenue requirement or the annual cost method.

In the more complicated cases, where replacements
are introduced it is nhecessary to determine in what years
to make the replacements and what conductors to use. A
qualitative description of the program is presented next.

The single or basic case is solved first. In this
case the most economical conductor for a given number of
years is found. As stated earlier, the load is allowed
to vary in all the years under study. The time scale is

divided in the following way:

1=20 cee =60

7

Figure 4

Time Scale (M=1)

21



where M is the initial year, I the final year of interest
and N is the total number of years over which the study
is done. Note that for each possible M (M can go from

1 to N) there can be N-M segments of time, starting

from M and each of these segments has its own appropriate
economical conductor. 1In the specific case where N = 60

and M = 5,

-

M5 T 1=20 N=60

Figure 5

Time Scale (M=5)

there are N-M = 55 possible segments starting from M

and ending at I, where I ranges from M = 1 to N. There
N-1

are a total of © (N-n) possible segments each with its
=1

own economical conductor.

It is possible tovcalculate the total cost for each
conductor from year M to year I. This is done by adding
the investment cost at year M to the successive annui-
ties paid on energy and demand losses up to year I. If
salvage value is to be included, it is calculated accord-~

ing to the number of years of use, namely I-M+l, and
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subtracted from the total cost. In any case, the cost
of removing the conductor at year 1 is also added. Due
to the time value of money, additions and subtractions
are done in a present worth basis. Conseguently costs
occurring along the time scale have to be discounted to
a reference year.

The present worth value of the total cost for a
conductor installation at year M up to year I with sal-
vage value, if any and removal cost being included is
known. Finding the most economic conductor in this
period becomes a matter of minimization between all the
conductors in the study.

The two conductor case, in which only one replace~
ment is involved is next treated. The time scale is
divided in as many as two period combinations as can be
made to fit in a total of x number of years. X ranges
from two (number of conductor case) to N. For example,
if X, the final year is ten, the time scale can then be
divided into (1-9,2—8,3—7,4-6,5—5,6—4,7—3,8-2,9—1),
combinations, where the first digit will denote the
number of years in the second period. Next, the pro-
gram calculates the total present worth cost for every
one of these combinations. Thus, for the 4-6 combina-
tion, the program will use that conductor which resulted

most economical in the basic or single case study for
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four years, and the most economical in the second period
which starts at year M=5 and ends at year 10. The same
is done with each of the remaining eight combinations.
The best possible combination of two conductors in a
period of ten years is found by minimization over all
calculated costs. This will yield by definition the
most economical combination of two conductors (one re-
placement) for a ;otal of ten years and the appropriate
year of replacement.

The annual fixed charges of the conductor in the
first period are carried along in the second period
also. Although they remain a constant annuity their
magnitude is usually reduced due to nonexistent charges
on insurance, maintenance and taxes from then, the re-
placement year, up to the last year of its amortization
period. Even when this is generally the case provision
is taken for any other factor such as a rise in the
rate of return, that may affect the annuity on original
investment.

This particular case, for a total of 10 years can
be extended as the total number of years under study
ranges from 2 (number of conductor case) to N. After
storing the values fopnd for each total number of years
the program proceeds to check for savings prqducea by

using two condgétors (one replacement) instead of one



for every possible total number of years. 1If there are
no savings produced for any given number of total years,
the program will stop here. This would mean that going
to the three conductor study, would be unnecessary since
it would clearly result to be more expensive for the same
number of years. On the other hand, if savings are ob-~
tained by introducing a replacement, then there is a
possibility that savings would also be produced by using
two replacements. 1In this case the program will advance
to the three conductor case (original conductor is re-
placed twice). Now, the final years will range from
three (number of conductors in study), to N. Again, for
every final year all possible combinations of two periods
of varying length are studied. The difference from the
two conductor case being basically that now the conduc—
tors to use in the first period would be those obtained
in the two conductor study for any length of time that
the first period would take on. Minimization over pos-
sible replacement years is done in the same manner as in
the two conductor case, producing the optimum three con-
ductor combination (two replacements) for a number of
total years. Note that not only the modified fixed
charges of the first replacement are included in the
annual costs of the new installation but also those of

the second conductor if it has not been already amortized.
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Checking for savings comes next and the process is
repeated until there are no more savings produced by

adding up more replacements for any number of years.

Program Analysis

This portion of the thesis presents a step by step
explanation of the logic or procedures observed in the
program. It is to be studied and carefully read by any
user interested in the use of the program. Details con-
cerning data, contrgl and type of study desired are
extensively exposed in this section.

Constants to be read in as data are represented by
the following symbols:

CURENO: Peak current during the first year of
study. To be used only if currents in
successive years are expressed as a
function of initial current.

N: Total number of years under study. It
could also be referred to as the planning
horizon of the project.

CK: Rate of growth of current. Expressed
as a decimal. It is of any signifi-

cance only if a compounding type of
growth is used.

AIl: Annual interest, cost of money. Interest
rate to be used in all discounting
operations,

CCOND: Cast of conductor.  ($/pounds.)

CINST: Cost of installing the conductor. ' ($/pound)

CRF: Capital recovery factor to be applied

in the recovery of initial investment.



CKWHRL:
CKWL:

NCON:

FL:

TOMI:

APE:

K1l:

K2:

SHARE:

CINFLL1:

CINFL2:

CINFL3:

CINFL4:

R(I),W(I):

CONDUC({I):

OLDCDT:

'

Cost of kilowatt hour losses. ($/kwhr.)
Cost of Kilowatt demand losses. ($/kw.)

Number of conductors in the study.
Possible values that the decision
variable can take.

Loss factor. Expressed as a decimal.

Taxes, operations, maintenance and
insurance expenses paid on conductor.
It is a constant percentage of initial
investment. Expressed as a decimal.

Amortization period, in years.

Factor to adjust salvage value of
conductor when removed.

Factor to adjust removal cost of con-
ductor at the time of replacement.

Constant used in modeling the shape
of the salvage value curve.

Inflationary rate of conductor cost
(as a decimal).

Inflationary rate of installation cost
(as a decimal).

Inflationary rate of Kwhr losses cost
(as a decimal).

Inflationary rate of Kw~demand cost
(as a decimal).

Resistance and weight of each conductor
to be studied. In ohms/mile and 1lbs/
mile respectively.

MCM notation corresponding to each
conductor.

If a conductor is in the line prior to
the study, this constant (an integer)
stands for CONDUC(OLDCDT) in MCM. If
no such conductor exists this has value
0.
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CWORTH : Present worth of such conductor ex-
pressed as a fraction of the cost of
a similar conductor today.

NYRSUP: Number of years that the old conductor
has been in the line. To be used in
calculating salvage value and unamor-
tized capital.

Values assigned to the control indices are next read.
NPRINT controls the output list of the annual current,
annual energy and demand losses, annual investment or
fixed charges, present worth of the annual cost and
the total present worth for each conductor installation
in every year from M=1 to N (number of years under
study) where M is increased by a unit every time the
listing is completed and the process repeated until M
is greater than NPRINT. If no such a list is desired
make NPRINT equal to zero. The second control index,
USABLE, is a factor used to adjust the annuities paid
on a conductor after it has been removed from a line.

It is a control index in the sense that it defines a
special case (when it has value zero), that will be dis-
cussed in another section. LDATA produces a list of

the data whenever a nonzero integer value is assigned
to it.

Single payment present worth factors as well as
uniform series present worth factors are next calculated

for each year under study. The currents for each year
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are calculated by an appropriate formula or read in as
data; whichever way is more practical to the user. The
program then proceeds to calculate the salvage value,
VALUE K,I), of conductor K after T years of use. A
general expression is included in the program. Removal
cost of conductor K at year I, REMOVE (K,I) is calculated
for every K and I of interest. It is assumed to be a
function of the installation cost. Each one of the
last two terms, has a factor of proportionality CVALUE
(K) and CREMOV (K) respectively for each conductor K to
allow for a higher degree of freedom in the calculations.
As it has been mentioned earlier, the annual cost
of the project, in this case a conductor installation,
is composed of three major components. These are re-
presented in the program by the following symbols.
PAC(K,I) which corresponds to the annual cost of putting
up a new conductor K in a line at year I. AKWHRL, de-
fines the annual cost of kilwatt hour losses. It is a
function of the conductor size and the current at any
given year. ARWL, defines the annual cost of the demand
component. Together with the first term it composes
the operational costs of the project and for a specific
conductor K at year I are represented by ACL(I,I).
Finally, PAC(K,I) which corresponds to the annual cost

of putting up a new conductor K in a line at year I.
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This term is composed of the initial investment times
the effective capital recovery factor which reflects
the effects of the real capital recovery factor, due to
return and depreciation, and the annuities paid on
taxes, insurance, maintenance, labor and other items.

When a conductor is replaced the annuities on its
initial investment continue to be paid along with in-
vestment, energy and demand costs for the new conductor.
That is, if the old conductor has not been completely
amortized at the time of replacement. To account for
this detail, PACCRF(K,I) is defined in the program as
the annuity paid on the replaced conductor K due to
caﬁital recovery factor, return and depreciation, only
if it was purchased at year I. A factor of proportion-
ality, USABLE multiplies this eguation in case that
alterations to CRF have to be made for one reason or
another.

For both PAC(K,I) and PACCRF(K,I) the difference
on installation costs for each conductor is assumed to
be proportional to their weight. By changing the
values of CCOND (cost of conductor #/1b.) and CINST
(cost of installation $/1b.) the cost aof hardware, poles
or towers,;righﬁ of way and some other items may be
included. If the difference in cost of installation

 due to structures, hardware and so on cannot be approxi-~



mated by this weight proportionality a method to cope
with this problem is suggested.
Define a matrix EXT (NCON,NCON) , where NCON was

defined as the total number of conductors under study.

EXT(1,1) EXT(1,2) EXT(1,3) . . . . EXT(1,NCON)
EXT(2,1) EXT(2,2) EXT(2,3) . . . . EXT(2,NCON)
. . EXT(3,3) . . . . . . . . ..
. » « « « +« « - . EXT(K,K) -
EXT(NCON,1) . . . . . . . . . . .. .EXT (NCON, NCON)
Figure 6.

Matrix of hardware and structure costs.

The main diagonal terms represent the extra cost
on investment due to poles, hardware and any other costs
of this type associated with a particular conductor K.
The elements above the diagonal represent costs incurred
when a replacement is made from conductor K to conduc-
tor I. Assuming that 1,2, ... NCON is increasing order
of conductor size, the elements below the main diagonal
are approximated to zero, since a negligible cost is

produced in structure modifications by going from a large
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conductor to a small one. The suggested matrix can then
be employed to represent hardware costs of a particular
conductor K, or structure modifications on poles or
towers due to replacements by larger conductors and
ranging from small reinforcement schemes up to complete
new structures depending on the size of the new conduc-
tor.

Back to the analysis of the program, it next pro-
ceeds to divide the time scale in different periods of
time by selecting a starting year M=1 and a final year
taking values from I=M-1 to I=N. See Fig. 1 and Fig. 2.
For every value of M in the range M=1 to M=N the process
is repeated. At the same time the following quantities
are computed: PW(K,I), present worth of the total cost
of having conductor K installed at year I. It is the
product of the single payment present worth factor times
the energy and demand costs in that year plus PAC(K,M),
the annuity on the conductor bought at year M. TPW(K,I)

represents the sum of all the PW(K, () from year M up

to year I.
M=10
!_LL !.. L - !
ol2 ... =11 ' ° I=n PR LI,

Figure 7. PW and TPW in the time scale.
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In the case illustrated in Figure 7, with M=5 and
I=n the expression for TPW(K,I) is:

TPW(K,I) n)=PW(K,5)+PW(K,6}+ . . . + PW(K,N=1)+

PW(K,n)

TPW(K,n) stands for the total cost, referred to year 0,
of having conductor K in the line from vear 5 to year n.
Similarly for each different M:
M=1 TPW(K,I=n)=PW(K,Ll)+ . . . . + PW(K,n-1)+PW(K,n)
M=2 TPW(K,I=n)=PW(K,w)+PW(K, 3)+.+ PW(K,n-1)+PW(K,n)

M=3 TPW (K, I=n)-PW(K,3)+PW(K,4)+.+ PW(K,n-1)+PW(K,n)

M=N  TPW(K,I N)=PW(K,N)

Figure 8. Total Present Worth TPW Table.

In a similar way TPWWSA(K,I), the total present
worth of conductor K including salvage value at year I
is computed. It is by definition TPW(K,I) plus the un-
amortized cost of the conductor minus its salvage value.
The cost of removing the conductor is included also.

It should be mentioned that in all these computa-
tions provision was made to include inflationary effects

when desired. The reason being that inflation often plays



a major role in determining labor and material costs.

If desired, a list of current, energy and demand
losses, investment annuities, total annual cost, pre-
sent worth and total present worth of the installation
with and without salvage value is produced. This is
done for all conductors and all years ranging from I=M-1
to I=N for any chosen Me(1,N).

At this point we know what the total present worth
cost of installing conductor K at year Me(l,N) including
costs of operation up to year I, where I goes from M to
N. The minimum total cost and its corresponding optimum
conductor is then found for every possible interval of
time (M,I). Where M is the initial vear and I the last
year in that period.

By comparing each conductor's current carrying capa-
city with the current at a given year I, the search over
the optimum conductor in the period (M,I) is reduced.
Note that for each Me(1,N) once a conductor has been dis-
qualified at a given year I=n, M<ISN, due to insufficient
current capacity in that year it is automatically ex-
clude of further comparisons in all remaining years up
to year N. The reasoning is based on that once the cur-
rent capacity of the conductor has been exceeded it,bg-
comes useless for all practical purposes regardless of

how the current behaves in the rest of the period. Con-

34



sequently, it need not be considered in the search for
the optimum conductor for that particular period.

The entry NN(M,I) is used to denote the best con-
ductor in the period (M,I) and the minimum total cost
is represented by TPWWSA(NN(M,I),I).

Optimum conductors without replacement with their
respective ACSR (MCM) notation and their total present
worth TPW are next listed for all years from 1 to N.
Note that since TPW does not include salvage value, the
cost figures which appear in the no-replacement table
represent those of the optimum conductor left in the
line for a specific number of years. This last part
constitutes what has been defined as case #1, or the
no-replacement case in this thesis.

In the next step, the first replacement is intro-
duced. The appropriate conductor and the year of replace-
ment will be found. For this case and all others in-
volving replacements the following procedure is executed
by the program. Whenever a replacement is made we can

consider the time scale to be divided at that point,

« First Period Second Period 5.
L [ |
12 .. ! '
0 I = replacement year N

Figure 9. A Replacement in the time scale.
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If two conductors, an original and its replacement,
are being considered, the best possible combination or
the one that will result in the lowest annual cost will
certainly be composed of the more economic conductor in
each period. By changing the year of replacement various
optimal combinations can be formed. A process of mini-
mization over all these combinations will produce our
best choice of conductors for a given number of years.
This same reasoning holds true when more than one replace-
ment is introduced. It is then necessary to divide the
time scale into two periods. This is done in the program
the following way: Let NCDTS<I<N-1 where I is the last
year of the first period (in which the old conductor,
installation is up) and NCDTS is the number of conduc-
tors scheduled to be used in that period. Let I+l<
NFINAL<N where NFINAL denotes the end of the second period
(during which the replacement is up). By varying NFINAL
over its range for each value of I all possible combina-
tions of two periods in NFINAL years are found. For each
I, NFINAL pair the program computes TMIN(I,NFINAL). In
a 2 (n) conductor case it represents the total cost of
an installation with the first (n-1) conductor in the
line from year one to year I, the first period and the
second conductor during the rest of the period from year

I+l to year NFINAL. . This quantity, TMIN(I,NFINAL) is



composed of: 1) FINMIN(I): Total present worth of the
most economical conductor from year 1 to year I or equal
to TPWMIN(1,I) in the two conductor study. In the n con-
ductor case, n<2, FINMIN(I) would represent the total
mininum cost obtained in the previous case the (n-1) case
study for a total of I years. Costs in the second period
are represented by; 2) TPWMIN(I+l),NFINAL) which con-
stitutes the cost of the most economic conductor to be
used in the second period, or from year I+l to year
NFINAL; (3) PACO(NCDTS,I) stands for annuities paid

on initial investment of the conductor being replaced.
These annuities are based on return and depreciation.
Since they have to be paid throughout the expected life
of the installation their effect is a string of con-
stant payments for the rest of the replaced conductor's
amortization period. By means of the uspwf, the uniform
series present worth factor, (see Appendix) these con-
stant annuities can be converted to a single lump sum

at the year of replacement which is finally discounted

to present worth; (4) SALNET, the net salvage value of
the conductor to be replaced. It is composed of the
salvage value of the conductor, a function of its years
in use, minus the cost incurred in removing the conduc-
tor. Being an inflow of capital SALNET is subtracted

from TMIN(I,NFINAL).
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As already stated, for each I ranging from NCDTS
(number of conductors in first period) to N-1, NIFINAL
takes all values (integers) in the closed interval
(I+1,N). After doing all these calculations for all
values of I the following arrangement is obtained (in
the conductor study):

TMIN(1,2)

TMIN(1,3) TMIN(2,3)

TMIN(1,4) TMIN(2,4) TMIN(3,4)

TMIN(1,5) TMIN(2,5) TMIN(3,5) TMIN(4,5)

TMIN(1,N) TMIN(2,N) TMIN(3,N) TMIN(4,n). . TMIN(N-1,N)

Figure 10. Replacement cost representation.

From this diagram it is observed that for every
NFINAL there are (NFINAL-1) possible partitions. For
the n replacement case there would be (NFINAL ~n) parti-

tions for each NFINAL.

, :
|- , P R N .
¥ H 1
: 1003 4 5
£ 02 3 405 =2
NFINAL=5 NFINAL=5
i |
i N i ! . . R L I
|l 1 T
1 2 1 4 s 1 2 3 i 5
B3 yrIvar-s rmates

Figure 1l. Partitions of a time interval.



Minimization is then performed for each NFINAL over
all values that I can take. An optimum combination for
each NFINAL is found. The number of years in the first
period are denoted by NNL(KNCDTS, NFINAL)=I optimum
where KNCDTS is the total number of conductors in the
study, that is, including replacement and past installa-
tions. The optimum conductor in the second period is
then by definition NN(I 1, NFINAL). These figures are
computed for all NFINAL in (KNCDTS,N). Next a list of
the best two (n) conductor combination (including re-
placements) is printed for each NFINAL with their re—
spective total costs and year of replacement. Compari-
son with other alternatives (generally with the 1 con-
ductor case without replacement if we are dealing witH
two conductors, or with the two conductor case if we
are dealing with three conductor combinations and so
on) has still to be made. This would be done by just
comparing the cost of installation for each year with
the results of the other cases already studied. In
order to avoid this procedure the program automatically
compares new results with those obtained in the latter
case. For example, suppose that we just obtained
the best combinations for a three conductor. (two
replacement) study. For any year n, the program

compares the total cost of our best choice for three
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conductors with the cost of an installation if the best
two conductors were used. If it turns out to be more
economical it will be stated so, if not it will tell you
that the best combination corresponds to the two conduc—
tor case. Note that comparisons need to be made with
the latest case only. If for a period of n years a two
conductor installation was not economically feasible

it is logical to assume and this is indeed the case that
three conductors will neither be. On the other hand, if
the two conductor case was an acceptable installation,
more economical than the single conductor case fo} the
same number of years, there exists the possibility for
the three conductor case to be one also.

In the case that all the best choices of KNCDTS
combinations resulted to be higher in cost for every
year from NCDTS to N than those of the previous case,
the KNCDTS-1 case, the listing of the comparatives
results is skipped and termination occurs. In case of
savings occurring in any of the years under study, the
program will go the the KNCDTS 1 conductor case.

The values to be used in some of the computations
are now taken from results obtained in the previous case,
For'example, TMIN(I,NFINAL) will be composed of the
best choice of conductors in the KNCDTS conductor case
for I years and the most economic conductor from year I+l

to NFINAL.
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CHAPTER IV

RESULTS

A Sample Case

A case study with the following characteristics has
been included.

Initial Current - 30 Amperes, CK=8%

The sample case presents a typical study with
a salvage value characteristic corresponding to a
shaping exponent of 1/2, 1Inflation effects are
ignored.

A list of the data is obtained from the program,
Table 1. The next Table (No. 2) indicates by column
from left to right the starting year, the conductor
used, final year and its effective current, energy and
demand losses in that year, fixed charges, total annual
cost (sum of the last two components), present worth
up to final year with and without salvage value included.
Table 3 is next with a list of optimum conductors with-
out replacement for any number of years €(1,N). Results
for the best two conductor combination appear in Table
4. The program then compares these results with the
ones obtained for the one conductor case without replace-
ment, Since it is eéonomical in some years to make the

replacement a list of comparative results is obtained.



LIST UF DATA

NUMBER OF YEARS UNDER STUDY = 60 INITIAL CURRENT= 30. RATE =0.080
NUMBER OF CONDUCTORS = 33 CONDUCTOR COST(S$/LB) =0.70

INSTALLATICN COST($/LE) =0.40 KWHR COST =0.02 KW-DEMAND CDOST =35.0
LA3SS FACTOR =0.25 INTEREST RATE =G.07 CAPITAL RECCV. FACTOR =0,.,07123
TAXES INS. ETC =0.07877 AMORTIZATION PERIOD = 60

INFLATION ON CCNDUCTOR =0.00 ON LABGR =C .00 ON ENERGY =0.00

ON DEMAND =0.0¢C K1 =1.00 K2 =0.80 SHAPE =0,50 USABLE =1,.,00

OLD CONDUCTOR =# © PW OF SUCH CDe IN PU =0.000 YEARS OF USE = 0o
AW.G. Or
CONDUCTOR ACSR(MCM) RESISTANCE(O/M) WEIGHT(LBS/M) CURRENT CAPACITY({AMPS)
1 6.00 345600 191.00 100.00
2 5.09 2+8200 241,00 120.00
3 4400 242400 304.00 14C.00
4 3.00 1.780¢ 384.00 160.00
5 2.00 l.4100 484,00 180.00
6 1.00 11260 610,90 200.00
7 1.01>1/0 o0.8880 769.00 230.00
3 2.01>2/0 0.7060 970.00 270.00
9 34C1>3/0  0.560¢C 1223.00 300.00
10 420154/0 0.48450 1542.00 340.00
11 226.80 043500 1936.00 460400
12 3C0.09 0.3110 2178.¢c0 490,00
13 33€.40 0.2780 2442460 520.00
14 367.50 0.235¢C 2885.00 590.00

TABLE 1. Data for Sample System.
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CONDUCTOR ACSR{MCYM) RESISTANCE(D/M) WEIGHT(LBS/M) CLRRENT CAPACITY(AMFS)

15 477.00 CslGEC 3462.00 570.00
16 590.00 Na1£70 4122.00 £52.00
17 SSE.EC Ce1E£HC 4C3G,.,00C 730,20
18 605.50 Nel1€EC 4109.0C 75Ce.CC
19 636.00 Cel14R0 4319.00 770.00
22 E66. €0 Cald410 4527.C0 RCCaDD
21 715.50 [l Bkl 4859 .0C 330.C0
22 765.CC Cellv0 536G6.00 G900 .N2
23 R74,80 fel720 S54C.CC - 550.007
24 $179.09 CelCar A112,00 G70.00
25 G34,CC CeCCR2 6479.00 1N190.9n
26 1033.52 0.0%09 7C19.00 1068400
27 1113.CC Q.Cfaa 7544 .C0 1110.00
28 11G62.50 CaC788 £L8Z.CC t1£C.C0
2% 1272.00 Cal737 AL21 .00 1200.00
30 1351.02 [RR A F160.00 1250.00
31 1431.00 DeNEmé 265G .00 13C0.00
32 110,52 CelE22 12237.00 1340.00
33 1530.CC 0.CEG1 1€777.¢CC 138C. 3N

TABLE 1. (Continued).

€y



FROM CD YR CURREN AC.LOSS AC.PURCH ACTOTAL P.WCRTH TOTAL.Pw TEW/SALVA

e e e e e e e e e A e e R e M e e e e e gl

M b e e e e e e e e e e e R g e e e s e e e g

1

DLCRNTGAEWN

DA e e e ke e e e
WN =03 D DD W

24
28
26
27
28
29
30

30,
224
35,
38,
41,
as,

652,
761,
ea7,
1075,
1207,
1408,
1e42,
191,
2234,
2€0¢.
3%4c.
Is4E,
413k,
2824,
ceze,
€563,
7€5%.
LEETN
10414,
12147,
tatesa,
1226,
1927¢,
22483,
26224,
3ncas,
E7E,

41F14,
49536,
CEFLE,

G5 a
Ss.
S5,
95.
<=,
95,
CEN
S5,
a5.
5=,
95 .
CEN
S5
95.
<5,
95.
S5,
s<.
as.
g5,
95,
$5.
S5
95,
cs
9s .
CL
CEN
95.
ss.

747,

855,

G982,
1129,
1302,
1503,
1737,
2C10.
2329.
2701 .
3134,
3640,
4230.
4918,
S721.
€657
7749,
GC23.
10509,
12241,
14262,
16620,
19270,
22578.
26319,
20632,
35772,
4170S.
48634,
56711,

€S8

767,

BC1l.

862,

S28.
1001.
1082,
117C.
12€7.
1373,
1485,
1616.
17E¢,
1907.
2074,
22585,
2423,
2€7Ca
2906
31€3.
3445,
3751.
4CEES
8451,
484G,
5223,
5757,
£z73.
6836,
7450,

TABLE 2. 4nnual Cost Figures.

69 &,
1445,
224€.
31C8.
4036,
5027,
H119.
7289,
835%6,
9928,
11417,

13034,
14785,
1669€.
13770,
21028,
23478,
26148,
23053,
32217.
35661
39413,
43499G,
47980,
52799,
5801223,
93840,
7C113.
75943,
R4399,

10864
1810.
259¢,
3431,
4340,
532723,
A3A8 .,
7542,
3793,
10152,
I11€28,
13232,
14975,
16872,
18935,
21180,
23¢€26.
2h235.
29182,
32338,
3577€.
39520 .,
43600
49085,
52849,
568167,
633183,
70137,
77018,
R4a4a64.

147



FROM

1

e e e e e e e e e e e e e e e e e e e e e

co

e e e e e e e e e e e e e s e e e e e e

YR CURREN
31 302.
32 226,
33 352,
34 380,
35 a1,
36 44a,
37 avc.
38 s17.
39 =555,
40 £02,
41 £S5
42 704,
43 760,
44 821.
45 asc,
46 REN,
47 Eeso.
4n aso,
49 aso.
50 asn,
51 asn,
sz Eeg.
53 asc,
54  asc,
55 8535,
56 250 .
57  &sc,
53 AS0 .
59 850 .
60 mso,

AC.LOSS

66037,

77(25.

BGE4Z.
174792,
122232,
142586,
1££252,
1929672,
276231,
P2€3RBa,
307795,
3%5C11.
41R751.

AC.PURCH AC,TOTAL

9% .
€54
S
GE.
€S

Y

U D O Ui e A

DNOVBLOOONDO G N

@

w
o

G5 .

6E121.

77120,

86937,
104887,
1223224,
1426
166286,
164857
2?2€333.
2E3579.
237889,
359106.
41E8E4€,
4885246,
£23€45.,
SZ23€645.
523645,
S5z3€4S.
523645,
523€45,
SZ2364S.
523645,
£23F45,
S23645.
23645,
523£45.
5235848,
Sz3f4E,
523645,
€23645,

isontinue

PeWRFTH

8119,
8849,
C€a4.,
10512,
11457,
12488,
13612,
14837,
16173,
17€29.
15216,
20s46,
22832,
24885,
24933,
23202,
21777
2C353,
19021,
17777
1€€la,
15827,
14811,
135¢€2.,
12675
118458,
1107t
1C246.
GEET,
9C37.

TOTAL.Fw

92518,
101367,
111011,
121523,
132980,
1454€G.
159081 .
173618,
190050 .
207719,
226925,
247BE2.
270714,
295503,
323535.
243828,
365615,
38556F .
404939,
G227A6.
439330,
454927,
4hgal e,
4R2980,
485654,
SO0750Q.
513570,
S2AG1 6.
£2353€.,
547623,

TRW/SALVA

GRE79.
101424,
111065,
121874,
133028,
145213,
159122,
173957,
190127,
207753,
226667,
247911 .
272742,
295€29.
322560 .
343660,
365636,
3835G987.
40507%€.
422782 .
429364,
454919,
469429,
482650,
495663,
5075C7.
518577,
528927,
S25%90.
547626,

34



FRCM CD YR CURREN
30.
32,

1

1
1
3
1
1
1
1
1
1
t
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
19
10
to
10
10
19
10
19
10
10
10
10
10

280.

ACaLCSS
e2.
G5,

1.
129,
151.
17€.
205,
236,
279,
32F.
3an,
a4 3,
517,
€03,
707,
E2cC,
G57.
111€6.
1202,
1519,
1771,
PORE,
24cs,
2R10,
273,
2er3,
4460,
S2C2.
€CET.
7077,

AC.PUFRCH AC.TOTAL
845,
858,

7€3.
7€3.
7€3.
7E3,
763,
7€3.
7€3.
TR,
7€3,
763,
7€3,
7€3.
763,
TE3.

PawORTF
790,
70,
714,
€81,
€S2,
626 .
€032,
584,
CE€7.

SS4,

TABLE 2. (Continued).

TOTAL «Pw
790,
ts2c.
2253,
2934,
3586.
4212,
4E )€
5398,
39£5,
551G,
7062
7598,
8129,
8659,
G151,
Q727
10272,
10828,
113<s,
112988,
12690,
132329,
13628,
14613,
15357,
16147,
16688,
17835,
18345,
19875,

TPW/SALVA
3922.
44E6.
5024 .
5540.
6027,
6518,
AS 84,
74139,
7885,
aizs,
B761.
166,
9£33,

10073,
10521,
10979,
1t4as,
11635,
12440,
12¢€68,
13522,
141025

14723,
15378,
15077
16824,
17€24,
1g4s2,
19496,
20402,

9v



FRCM €O YR CURRFN

e e e e e s B e e e b e M e e e e g b e e e e e

10
10
10
10
10
10
10
10
10
10
10
io
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
46
47
ay
49
50
51

52
53
54
55
56
57
se
55
€0

202,
376,
IS2.
38C.
411
444,
479
S17,
£5%.
£073.
€82,
704
7EC.
R21 .
850
ESCe
A50 ..
ES5Ce
850 .
850,
ESC.
R50 .
ESCe
€50,
850 .
ESC.
B50 .,
EBC,
850
850,

ACLLCSS ACWPURCE AC.TOTAL

9628,
1123¢C,
13095,
15279.
17821,
20786,
28245,
2P2BC,
229A6.,
2e474,
44876,
23244,
€1054,
£54a4.,
5444,
£5444,
es4aa,
€s444,
65444,
€444,
£5444,
£544a4,
fc44a,
£5444,
€5444.,
€saaa,
€c4a4,
€404,
£5444.,

7€3,
7€2.
763,
7€3.
763,
TE€3,
TE€3,
7E3 .
TE3.
763,
7E3,
7€3.
7£3.
7€3.
TEZ,
TE2,
TE2.
763,
7€3.
762,
7€3.
7€3.
7E3,.
TE€3.

7€3,
7€3.
763,
7€3.
763.

TABLE 2.

P JNORTH
9018. 1107,
1€3¢t. 1152,
11994, 1286,
139€2. 12e5.
16042, 1503,
18584, 1627.
21550. 1763,
25009, 1912,
z9c43, 2075,
32749, 2254,
35238, 2449,
4EE4C. 2€€2.
53107,  2€%S.
e€1217, 2149,
66207, 2152,
€6207. 2946,
€€2C7. 2783,
€6207. 2573,
€e2C7. 248,
€€207. 2248,
6207,  21C1.
€€2¢7. 163,
€E6207 . 1835.
E€2C7. 1718,
€E6P07, 1603,
€6207. 1498,
€€2¢7, 14C0.
66207.  1208.
eeacz, 1223,
€6207. 1143,

(Continued)

TOTAL .Pw
20982,
272174,
23461,
24R5C,
26252,
27979,
29742,
31654,
3373¢.
35682,
38432,
410%4,
43986,
4713%.
SN291.
53237.
5591,
58564,
60963,
63217,
£5317.
57280,
69115,
7083 C.
7243z,
73930,
75320,
76628,
77860,
79003,

TRW/SALVA
21477,
22679,
23667,
25259,
26716,
28339,
30¢79.
31570,
34025,
36255,
38650.
41335,
44213,
47347,
so4g4.
5381¢€.,
56156,
SR716.,
61109,
€3344.,
65433,
67385,
eszae.,
70912,
72504,
73‘%91 .
75381
76€80.
77894,
79028,

Ly



FROM CD YR CURRFA

1
1
1
!
1
1
1
1
1
1
1
1
1
t
i
1
1
1
1
1
1
1
t
1
1
1
1
1
1

20
20
20
20
20
a0
20
20
20
20
20
20
20
20
20
20
290
20
20
23
20
20
29
20
20
20
29
20
20

-1

30.
3.
3=,
38.
a1,
a4,
a8,
51.
SE.
60,
es,
70.
7E.
82.
23,
as,
103,
111,
129,
125,
140,
151 .
163,
176,
190,
20,
222,
24C.
259,
?80.

ACsLCSS
2€,
39,
35.
41,
42,
SE.
65,
76.
BR,

1C3.
1272,
140,
164,
191,
223,
2er,
303,
354,
417,
481,
b
£55,
753,
gac,
1C35.
T21t.
1413,
1647,
1622,
2242,

ACFURCKF AC.TOTAL

z241,
2241t
2241.
2”41,
2241,
2241,
2241,
fral.
FP41.
22641,
2241
Z241.
2241,
741,
f241.
f241,.
z241.
2241
2741,
2241.
c2ai.
226 1.
2241,
cchl.
2241,
‘24,
E241.
2241,
cz41.
2241,

2267,
2271.
2276,
2282,
2289.
2297.
2306.
2317.
2324,
2344,
23€1.
2381.
2405,
2422,
24¢€4.,
2501,
2544,
25964 .
2€€2,
2722.
2872,
2895,
2304,
2121,
3280.
3452,
3rE4.
3889,
41€3.
4483,

PoWORTF
2118,
1584,
1858,
1741,
1622,
1530,
143€.
1348,
12674
1162,
t1z2.
17,
958,
5413,
893,
a47,
eos,
768.
72a.
703,
ET7.
esa,
634,
€17,
€Ca.
554,
SEa,
585,
cES,

S589.

TABLE 2. (Continued).

TOTAL . Pw
2118,
4102,
5960,
77C1.
93322,

1086 3.
12299,
13647 .,
14614,
1610€.
17223,
18285,
13283,
20226,
21119,
21966,
22771,
23539,
24273,
24976,
25653,
263Ch.
26940,
27557.
28162,
23756,
29344,
23929,
37514,
31102,

TPW/SALVA
11315,
127¢2,
t409s,
15353,
16230,
17633.
18€£E.
19638,
2055¢,
21408,
22215,
22577
23637,
24378,
25Cz2E,
25640,
2€228.
26730 .
273230
27852,
23357,
ZBRPEQ,
29332,
298976,
2n27s,
320742,
2121,
31634,
32163,
22€%1.

87



FROM CD

1

e e e e e e e e e e e o e e e e e e e e e

20
20
20
20
20
20
20
20
20
2¢
2n
20
20
20
2c¢
20
20
20
20
26
20
20
20
20
20
20
20
20
20
20

YR CURREMN A(rLCSS ACPURCKF ACTOTAL P .WORTH TOTAL.PW TPW/SALVA

31
3z
33
34
3s
36
37
3s
39
40
41

42
43
44
as
46
a7
a8
49
50
51

52
53
54
55
56
57
58
59
60

202.
326,
2=z,
380,
411,
444,
470,
17,
559,
032,
£s52,
704.
7¢6C.
821,
as50.
ESC.
880 .
ESC.

85C

BED .

2€1€,
INS1.

IsEE,

4159,

12161,
13219,
1£5885,
15245,
20736,
22736,
2073€.
2073€.
29735,
20734,
2C73€.
2372
2c73
za77e,
20736,
ze72¢.
2n73%,
20735,
20736,
2073k,

2241,
2?41
2241,
2241,
2241,
z241.
?2a1.
2241,
Zz41.
2241
fc4a1.
2241,
2241,
2241,
2241,
ZZ481.
7241 .
z?a1.,
c241.
2241.
224l
2241,
2241,
czal.
P41,
241,
241
2241,
2zal,
241,

TABLE 2.

4856,

srg2.

5799.

€351,

7082,

7888,

8827,

9923,
112¢1.
12692,
14432,
1€460.
18826,
z158€6,
22677,
22577,
22977,
22577,
22877,
22977.
22977,
22977,
22577,
22577,
22977,
22577,
22977,
22577,
22577,
22977,

S96.
£C7.
622,
£41.
EE3.
£S0.
722,
759.
ELCa
848,
GC1.
GEOD.
1026.
11CC,
1064,
1cz2,
GEE,
863,
EZE,
7€0.
729,
£E1,
637,
sce,
SE€6.
52Cs
4BE.
454,
424.
357,

(Continued),

31700,
323207.
32929,
335€S.,
34232,
34923,
35645,
35404,
372C4.
34052,
3RG52.
39512,
40939,
4203%.
43133,
44155,
45111,
46004 .
46838,
47618
43347,
49C26%.
49665,
S5026C.
S50R17,.
51336,
S1822.
52276 .
5270C.
53097.

33153,
33€71.
34209 .
34770,
35259,
359749,
26€34.,
37329,
38070 .
38861,
33718.
40618,
41536 .
42650,
43700
44681,
45E5G€.
46431 ,
47249,
476383,
483687 .
45235,
499139,
50502
S102€.
51516.
51673,
52400,
52799,
g3172.

67



FROM CD YR CURREN AC.LCSS

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

3¢
30
3o
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
3¢
30
30
30
30
30

CRONO NS W -

11

12
13
14
15
16

()
19
20
21

22
23
24
25
26
27
28
29
30

30.
32,
35.
EER
41,
44,
48,
51,
S€.
€0,
65 .
70.
76.
82.
es,
95,
103.
111,
120,
125,
tan.
151,
1€2,
176,
15¢.
205,
222.
24C,
259,
28C.,

13,
15,
17,
2%.
24,
27,
32.
37.
44,
Sl
S5G.
69,
21,
Sa,
11ec,
129,
149,
174,
2013,

can,
11cs,

AC.FLRCH AC,TOTAL FeWwCFTE TOTAL,.FW

4€324,
4534,
4€34,
4524,
4534,
4534,
4534 .
434,
4534,
4534,
4524,
4534,
434,
4534,
4534,
4524,
4534,
4€3a,
4534,
45346,
ac2a,
45324,
4534,
4t 24,
4534,
4t Za,
45346,
4€2a,
4E2a,
4834,

4ca7,
4549.
4552,
45544
4558,
45€2.
4566,
4572,
4578,
4585,
4554,
4603,
4615,
ac28,
4644,
4k82,
4684,
4708,
4738,
4771,
a8,
4857,
4911,
4973,
5046,
131,
=721,
5347,
s5a82.
5639,

4249,
3973.
3715,
3475,
32s0.
204c.
2844.
2661 .
2460.
2321,
2162,
2044,
1915,
1768,
1683,
1575,
1483,
1353,
1310,
1223,
11€2,
10G€.
1936,
98¢,
G30.
RE4,
842,
804,
771,
7a1,

TABLE 2. (Continued).

4249,

82z3.
11938,
15413,
18662,
21702,
24546,
27206,
29696,
32027,
3azic.
36254,
38159,
299¢€4,
41647,
43226,
44705,
46102,
474612,
48645,
asac,
50903,
519139,
52919,
53845,
54733,
S5574.
56379,
57149,
578SC.,

TPW/SALVA
22858,
25728,
23400,
2085€.,
33227,
35402,
37433,
39329,
41100,
42755,
44301,
45747,
47099,
48265,
49550,
59650
51792,
52630,
356G,
S4s€q,
55279,
SEC49,
56778,
S74€q.

0s



FROM CD YR CURREN

1

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

30
30
30
0
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
3¢
30
30

30

31

32
33
34
35
36
37
38
39
40
41

42
43
44
45
4€
47

302.
376.
252.
380,
411,
444 o
479,
517,
S89.
€03,

ACWLCSS ACFURCh AC.TOTAL PL.WORTF TOTAL .PW

1289,
1504,
1724,
2Cac€.
P3E€.
2783,
ER AN
I7E7.
4417,
S182.
£0Q35.,
7eN9,
F17%,
G535,
1022 1.
1nza21,
11z21.
13221,
mmzzt.
10z271.
11221,
11221,
10221,
11z21.
12221,
17221,
1n221.,
1i7z21.
17221,

T221.

434,
4S3Z4,
434,
4534,
4524,
4534,
4€ 34,
452a,
4534,
4534,
4ca,
4534,
4534,
4534,
4524,
4524,
4534,
434,

TABLS 2. (Continued).

€823,
eo3a,
6288,
6580,
€920,
7217,
7781.
€321,
8951,
S686.
10543,
11543,
127¢9,
tacvo.
14755,
14758,
14755,
14755,
14755,
14755,
14785,
14755,
14785,
147¢es,
14785,
14785,
14755,
14755,
14755,
14755,

715,
€93,
€74,
659,
648,
€41,
€37,
£36.
£4Ca
647,
€58,
£73.
653 .
717,
703,
€57,
€14,
573,
526,
€C1.
4a€a,

255,

S860S.
59298.
59972,
60631,
61289,
6192
62557
63193,
63822,
64476,
65137,
65811,
665063,
67229,
(792
632575,
59193,
69766,
72302,
ro802,
71271,
71709,
72118,
72500,
72857,
73191,
73807,
73794,
74066,
74321,

TPw/SaLvaA

61546,
€2n55.
62563 .
€30€2,
E355¢€,
64 C56 o
£4558,
6506€ .
£558=.,
EAL117.,
65667 o
67237
67832,
ERAST.
66571,
63643
73178,
70672,
71133,
T1SE1 .
71559,
72226,
72671,
72598,
73221,
73554,
73838,
74045,
TanE6 .
74473,

18



FROM CD YR CURREN AC.LOSS

1
1
1
1
1
1
1
1
t
1
1
1
1
1
1
L
1
]
1
i
1
1
1
1
1
1
1
1
1

33
33
33
23
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
a3
33
33
33
33
33
33

1

CLTNPUPUN

11
12
13
14
i5
16
17

19
20
21

22
23
24
25
26
27
28
2%
30

30,
32.
35.
le.
41
44,
48,
Sl
S€.
B0,
65
70
7€ .
2.
Ba,
95.
103,
111,
12¢.
129,
140,
151,
163,
176,
190,
205,
222.
240,
258G,
280,

11.
12,
15.
17
P27
23
27
37,
37.
43,
S50
S<.

Aat,
ECAH,

sac,

ACWPURCH AC.TOTAL
€335,

5
El
Sae
s
5
S

o n o

3

35
25
as
35
3¢
3&
35
2<
35
3=
5

4w

LRI T RT T RT I
.

G

u‘

U
.

W tal

534S,
5347,
£3a9,
53€2.,
€3&¢,
5358,
5362,
5366,
5372,
€378,
513es,
£3¢c3.
5403,
S415.
€428,
S444,
sa62,
s483,
5507,
£52¢,
5570,
820G,
CESS5,.
5708,
£770C.
5842,
5927,
6025,
€140.
€274,

PLWORTH
4966,
4670,
43€7.
4083,
2818,
3Is70.
3339.
2123,
2922,
2724,
2558,
2395,
2242,
2160,
1c€7,
1844,
1729.
1€22.
1523,
14Z1.
1345,
12€6.
1163,
1125,
1C€3,
1006,
aS4a.
GCE.
EE€3.
e24,

TABLE 2. (Continued).

TOTAL.Pw
4996,
9666,

14033,
18116,
21634,
25504 .
28843,
31G€e€6,
34888,
37822,
40180,
42575,
44817,
46917,
4BERS,
50728,
52457,
5a08C.
55603,
571033,
58378.
53644,

66755,
6757,

TPW/SALVA
26er9,
30258,
33400,
36333,
39069.
41€22,
44005 .
46225,

48305, -

50243,
520%4.
53745.
£5225,
56802,
58183,
£9475,
606895,
€1€16.
628932,
638749,
AEEYT7.,
65699,
€£E30.
67315,
€R0S8.,
68761
69431,
70CER.
70679,
71254 .

(43



FROM CD

1

e e e e e

e e b e e e e e e e e

13
33
33
33
33
33
33
33
33
33
33
33
33
33
33
32
33
33
33
33
33
33
33
33
33
33
33
33
33
33

YR CURREN

31

32
33
34
35
36
37
35
3y
40
a1

a2
43
44
45
46
47
48
49
59
51

s2
53
s4
&5
56
57
52
B

€0

02,
22¢€,
I52.
38C,
411
446,
475 .
517
£5C.
£C2.
[
7Cua,
769,
F21.
A50 .
850,
857,
A5,
£80,
850,
AS0.
£SO .
asM,
£5°0,
ago

BEC,
350
EST,

RS0,

AC.LCSS
1096,
1276,
1491,
1740,
2r26,
2767,
2761,
3229,
1764,
43R0,
S110,
scan,
LEEEN
E10c.
AES?,
asaa,
€62,
aE97 .,
£E¢

2592,
aeo2,
8EG2,
Agan,
Fego,
REO2,
Aarqo.
REG2,
9592,
cego,
692,

AC.FURCH AC.TOTAL

€335,

[ T AN

w
Do
PP

w
L R B N NI I RN R

BN (R D G en iR om o IR (m R
SN U Ghinoa

3
B
2
a
3
a

A ;g

TABLE 2.

P.WORTH
6431, 790,
€F13. 759,
6326, 7332,
7074, 709.
73€4, XA
7701. &7a.,
£755. 662,
84555, 24,
5099, 650,
c71s. €43,
16444, 657
11255, £€G,
12286, 670,
13443, 685,
14026, eee.
14024, 624,
1426, saz,
14926, €45,
14026, 525,
1acz€, 476,
1402/, 445,
14725, 416,
14026, aeg,
14026,
147 z€, EECH
14326, 317
146026, 257,
14326, 277,
1an2e, 259,
1acze, 242,

(Continued).

TOTAL .PW
68369,
69127,
63855,
79564,
71258,
71932,
72594 .
73248,
733498,
74547,
75199
75857,
76527,
77212,
77830,
78504,
73087,
73612,
H$i142,
ST618,.
1053,
81479,
B1RET7,
B2731.
32572,
92847,
83184,
Bi461.
3722,
a3Ge2.,

TPW/SALVA
71829.
72376.
72608,
73428,
73530,
74445,
74949,
75452,
75950,
76474 4
76558,
77536
79051,
TREBT ,
79230,
79785

€5



LIST OF OPTIMUM CONDUCTORS w/0 REPLACEMENTS FROM YEAR 1 TO YEAR X

YEAR X CURRENT

VE NGO P wN -

3C.
32,
35,
38,
a1.
44,
48,
Sl
S6.
60,
ESe
7C.
764
82,
sE.
95.
103,
111,
120.
126,
140-

CASE # 1 (ND REPLACEMENTS)

CONDUCTUR #

POAEPENNNNNOCOOORO WP AW

ACSR{MCM)

5.00
4400
3.00
2.00
2.00
2400
2.00
1.00
1.00
1.00
1.00
1.01
1.91
1.01
1.01
1.01
2401
2.01
2.01
2401
2.01

TOTAL COST(P.W)

594430
1073. 64
1467,93
2C037.71
2427434
2958.58
3512.85
3918.52
4405411
5035.39
5633.19
6087.21
6673.23
7287.48
7934.12
8617.56
916C.81
G826+ 73

10520.56
11277.15
12071.70

TABLE 3. Optimum Conductors w/o Replacement.

¥s



YEAR X CURRENT CONDUCTOR # ACSR(MCM)

22
23
24
2s
26
27
28
29
30
31

32
33
34
35
36
37
38
33
40
41

42
43
a4
45
45
47

151.
1€3.
17€.
190.
205,
222
240,
25G.
280,
202.
326,
352.
3890.
al1.
444,
47G.
S17.
559
€03.
652,
704,
760,
821
ESCa
ES50.
ES0.

TABLE 3.

3.01
3.01
3.01
3.01
3.01
4401
4.01
4e01
4401
4.01
226480
226480
226480
226.80
226480
300.00
336,40
357450
477.6C
477.00
605.59
€36.00
715.5¢C
795.00
795.00
795.00

(Continued)

TOTAL COST(P.W)

12731.58
13498.90
14315.49
151E7.09
16116,88
16987.,60
17884,77
18844,91
19374,83
20982.04
21967.73
23017.68
24146,25
25361.57
26672,41
27930.46
29421.95
31438.63
34213.26
35377.86
38098.93
40C77.96
43522.64
47032.42
47530411
48769.07

<sg



YEAR X CURRENT CONDUCTOR # ACSR(MCM) TOTAL COST(P.w)

48
49
50
51

52
53
54
55
56
57
S8
59
60

850,
E50e
ESQ.
ES50.
850.
850,

€50,
850.
ESQ.
85C.
€50,
ESCe
€50,

22
22
22
22
22
22

22
22
22
22
22
22
22

TABLE 3.

795.00
795400
795.00
795.00
795.00
795.00

795.00
795.00
795.60
755400
795.00
795.00
795.00

(Continued).

49553, 15
50285.93
50970.78
51610.82
52208.98
52768,02
53290.48
53778,77
54235.11
546€1.59
55060. 18
55432.69
55780,83

9¢



COST FIGURES FOR THE BEST

TABLE INCICATES % OF YEARS

2 CONDUCTOR COMBINATICN wITH

1 REPLACEMENTS

IN THE FIRST PERIOD.YHE YEAR OF REPLACEMENT

AND- THE CONDLCTOR TO BE USED FROM THEN UP TO THE LAST YEAR.

YEARS IN 1 PERIOD FRFLMENT YEAR

OO OO D e e e e e

2

ONNNNNPONNRNRONNNR

[
= Wwaoo9

LAST YR

CDoT#
2

VOLODETANNCOONY NS W

ACSR(MCM)
5.00
4460
3.00
2.00
2.00
2.00
1.C0O
1.00
1.0C
1.01
1.01
1.01
2.01
2401
2.01
3.91
3.01
3.01
4401
4.01
4.01

TABLE 4. Best Two Conductor Combinations.

TOTAL COST Pw
1714,40
2211495
2639.21
3045.92
3577+16
4131.42
4528446
5075,.04
5645433
6216.16
6663.32
7249.34
7830.52
8408.96
9012.45
948%.89

10984.54
10704,89
11274452
11831.00
12469.55

LS



YEARS IN 1 PERIOD

14
13
13
15
14
14
14
14
15
15
19
19
19
19
19
19
19
19
19
20
23
23
24
23
24
24
24
24
24
25
25

RPLMENT YEAR LAST YR CDT# ACSR(MCH)

15
14
14
16
15
15
15
15
16
16
20
20
20
20
20
20
20
20
290
21
24
24
25
24
25
25
25
25
25
26
26

TABLE 4.

23 1
24 31
25 11
26 12
27 12
28 12
29 13
30 13
31 14
32 14
33 18
34 18
3s 18
36 18
37 18
38 18
39 18
40 20
41 2¢
a2 21
43 24
44 24
45 25
46 25
“7 26
48 26
49 27
50 27
s1 27
52 28
53 28
(Continued)

226 .80
226.80
226.80
300.00
300.00
300,00
336440
335.40
367.50
397.50
605450
605450
605,50
605.5¢C
605.56
605,50
635.50
666 .60
666 .60
715.50
300,00
9C0.C0
954,00
354 .00C
1033.5)
1033.50
1113.00
1113.00
1113.00
1192.50
1152.50

TOTAL COST PW

13025.81

13636.29
14287.89
14939,.68
15578.87
16287,80
16941.54
17681.13
16334.04
19081431

19662.69
20323.79
21012.76
21734.17
22492.88
23294.08
24143.27
24964.80
25865.51

26755,05
27537.76
28418.85
29287.46
30249.40
30749.85
31404.48
31961.82
32509.97
33022.25
33489.61

33921.62

8G



YBARS IN 1 PERIOD RPLMENT YEAR LAST YR CDT# ACSR(MCM)

25
25
25
25
25
2s
25

26
26
26
26
26
26
26

TABLE 4.

54
58
S8
57
58
59
60

(Continued).

28
28
29
29
29
239
29

1192.50
1192.590
1272.00
1272.00
1272.00
1272.C0
1272.00

TCTAL COST bW

34325.36
34702.70
35020.31
35339.67
35638.14a
35917.n8
36177.77

6%



60

Table 5. Addition of another replacement is considered
and the same process is repeated successively until no
more savings are produced by adding up a new replacement.
Table 8 is of no practical use since combinations obtained
by considering small number of replacements, Table 6
results in consistently lower costs for all years under
study. From Table 6, it is seen that after year (51) all
replacements are scheduled at the same year and with the
same conductor. In this case we see that after a large
enough number of yeérs replacement policy for the first
years of the project remains constant. Table 6 shows
that for sixty years replacement should occur at year
(37), with the first period being composed of the best
two conductor for a period of (36) years. By looking

for this number of final years in the two conductor case,
Table 4, the rest of the replacement schedule is derived.
It shows that the best two conductors for (36} years
consists of a replacement at year (20) and the best
single conductor up to the preceeding year (Table 3).

The following schedule is obtained.

19 36 60

Figure 12. Replaceient Schedule. Sample case.
(Three conduc¢tor study)



COMPARATIVE RESULYS FOR THE CASE STUDY OF 2 CONDUCTORS / 1 REPLACEMENTS

TABLE SHOWS ECCNCMIC CHOICE WITH RESPECT TQ PREVIOUS CASE.

NUMEER OF YEARS MCOST ECONCMIC CASE TOTAL COST
CONDUCTOR STUDY NUMBER

2 1 1073,.64
3 1 1437.53
4 1 2037.71
S 1 2427, 34
[} 1 2958.58
7 1 3512.85
8 1 3918.52
9 1 4465411
10 1 5335.39
i1 1 5633,19
12 1 6CET .21
13 1 667 3.23
14 1 7287.48
15 1 7934.12
16 1 €617455
17 1 $160.,81
18 1 $826.,73

TABELE 5. Comparative Results. {Two Conductor Case)

19



NUMBER OF YEARS MOST ECONOMIC CASE TOTAL COST
CONDUCTOR STUDY NUMBER

19 1 10530.56
20 2 11274.52
21 2 11831.00
z2 2 12469.55
23 2 13925.81
24 2 13636.29
25 2 14237.89
26 2 14939.68
27 2 15578.87
28 2 16237.80
29 2 16941.54
30 2 17681413
11 2 18334.04
32 2 15081.31
32 2 18662469
34 2 20323.79
35 2 21012.76
36 2 21734417
37 2 22492.88
33 2 23294.08
39 2 24143,27
a9 2 249646480
41 2 25865.51
42 2 20755405
43 2 27537.76
a4 2 28418.85

TABLE 5. (Continued).
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NUMBER OF YEARS MOST ECONOMIC CASE TOTAL COsT
CONDUCTOK STULY NUMZmK

45 2 29237.46
46 2 3004%.40
47 2 30747.85
48 2 31474 .48
49 2 21961.82
59 2 312519.97
51 2 23In22.25
52 2 33433461
53 2 33921.62
S4 2 24325.36
55 2 34702,70
50 2 35023.31
57 2 35339.67
58 2 35638.14
59 2 35917.08
60 2 36177.77

TABLE 5. (Continued).

€9



COST FIGURES FGR THE BEST

3 CCONDUCTOR COMBINATION WITH

2 REPLACEMENTS

TABLE INDICATES # OF YEARS IN ThE FIRST PERIOD,THE YEAR OF REPLACEMENT
AND THE CONDUCTOR T3 BE USED FROM THEN UP TC THE LAST YEAR.

YEARS IN

PERIDD  RPLMENT YEAR L AST YR

3 3
3 4
3 s
3 6
3 7
3 8
3 S
3 10
4 11
3 12
3 13
7 14
7 15
3 16
10 17
19 18
10 19
13 20
11 21
i1 22

coT#

OCVVVEBPENNNCCCTAW S WN

-
oo

ACSR{MCM}
5.C0
4400
3.00
2.00
2.00
1.0C
1.00
100
l1.01
1.01
1.01
2.01
2.c1
2,01
3.01
3.01
3.01
4401
4401
4401

TASLE 6. Best Three Conductor Combinationse

TOTAL COST Pw
2843,07
3362.11
3754.90
4192.31
4747.08
St143.76
5690.35
6260.64
6782.93
7253.18
7839.29
8444443
9022437
9579 ,45
10094,.89
10689.53
11309.89

11845.41
12436.28
13074,82

14]



YEARS IN 1 PERIOD RPLMENT YEAR LAST YR CUT# ACSR(MCM)

15
13
13
13
13
16
19
19
24
22
22
22
22
22
2s
28
27
27
27
27
27
29
28
390
30
30
36
35
36
36
36

16
14
14
14
14
17
20
20
25
23
23
23
23
23
26
29
28
28
28
28
28
30
29
31

31

31
37
36
37
37
37

TAZL

[}

23
24
25
26
27
28
29
3c
31
32
33
34
35
36
37
38
39
40
41
42
a3
a4
45
46
a7
48

(Continued).

11
11
11
11
12
13
14
14
15
18
13
18
18
18
20
22
22
24
24
24
25
27
27
28
29
29
32
22
33
33
33

2260+ 80
226.80
226 .80
226.80
3790.00
336,40
367.59
397 .50
477.00
605.50
6€5.50
EC5.50
605,52
605.5)
660 .. €0
765.C0
755,00
900 .00
900 .CO
90000
954.C0
1113.C0
1113.00
1192.50
1272.00
1272.00
1510.50
1S10.50
1590.C0
159C .00
15%0.¢0

TOTAL COST PW
13698.82
14207449
14859.190
15541.95
16161480
16835.,04
17406455
18085.51
18790, 37
19157, 36
19834.94
20456405
21185401
21906,42
22603.88
23352,.21
24034.62
24671.16
23421.18
RE209441
26980.57
27720440
28479.71
29154450
29742434
30329.46
30841.93
31319443
31732.73
32148.€63
32537.31

S9



iwARS IN 1 PERIOD RPLMENT YEAR LAST YR CDT# ACSR(ICLI)

36
35
36
36
36
36
36

37
37
37
37
37
37
37

54
55
56
57
58
59
60

TABLE 6. (Continued).

33
33
33
33
33
33
EX

1590.00C
1590.,00
1590 .00
1590.00
1590.,00
1590.00
1590.C0

TOTAL COST Pw

32900.57
33240.07
33557.36
33853.88
34131.01
34390.01t
34632,07

99



COMPARATIVE RESULTS FOR THE CASF STUDY OF 3 CONDUCTORS / 2 REPLACEMENTS

TABLE SHOWS ECCNCMIC CHOTCE wITH RESPECT TO PREVIOUS CASE,

NUMEER OF YEARS MOST ECONOMIC CASE TOTAL COST
CONDUCTOR STUDY NUMBER

NMUMNMRUNNRNRNOMNDNMN NN DN

TABLE 7. Comparative Results.

2211.495
2633.21
3043.92
3577.16
4131.42
4528446
5775.04
5645,33
€216.16
6663, 32
7245434
7830.52
84 396
901 2,45
G483.89
100t 4,54
107294.89

(Three Conductor Case)

L9



NUMBER OF YEARS MOST ECONOMIC CASE TOTAL COST
CONDUCTOR STUDY NUMBER

20 2 11274.52
21 2 11831.00
22 2 12469.55
23 2 13025.81
24 2 13636.29
25 2 14287.89
26 2 14933.68
27 2 155738.87
283 2 16287.480
25 2 16941,54
30 2 17681413
ER} 2 18334.04
32 2 19031.31
33 2 15662.69
34 2 20323.79
3s 2 21012476
36 2 21734.17
37 2 22492.88
38 2 23294.08
39 3 24034.62
aQ 3 24671416
41 3 25421,18
42 3 26209441
43 3 26980,57
a4 3 27720.40
45 3 28479.71

TABLE 7. (Continued).
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NUMBER OF YEARS MOST ECONOMIC CASE TOTAL COST
CONDUCTOR STUDY NUMBER

46 3 29154450
47 3 29742.34
a8 3 30329445
49 3 30841493
50 3 31319.43
51 3 31732.73
52 3 32148.63
53 3 32537.31
54 3 32990.57
55 3 33240.07
56 3 33557.36
57 3 33853.88
58 3 34131.01
59 3 34390.01
59 3 34632.07

TABLE 7. (Continued).
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COSYT FIGURES FCR THE AEST

4 CONDUCTOR COMBINATION wiTH

3 REPLACEMENTS

YAELE INDICATES # OF YEARS IN THE FIRST PERIOD+THE YEAR OF REPLACEMENT
AND THE CONDUCTCR TQ BE USED FROM THEN UP TC THE LAST YEAR.

YEARS IN 1 PERICD RFPLMENT YEAR

WO CWP O W W W W W W W W

4

FPUONPLELT RS PE S

LAST YR
4

5
6
7
8

9
10
11
12
13
ls
15
1o
17
18
13
20
21
22
23

COT#
3

CLODBONNNOCO U WU S

ACSRIMCM)
4400

- 3.00
2400
2400
1.00
1.02
1.00
101
1.01
1.01
2.01
2.01
2.01
3.01
3.01
3.01
4401
4401
4401
226.80

TABLE 8, Best Four Conductor Combinations.,

TOTAL COST Pw
3882.28
4376.33
4809411
53€3.38
5768.15
6314.74
6685,03
7298.82
7360.52
8446,54
9055446
9614457
10142,60
10795.29
11299.93
11920.29
12430,11
13042.18
13680.72
14298.53

0L



YEARS IN 1 PERIOD RPLMENT YEAR LAST YR CDT# ACSR{mCH)
.24

13
13
13
13
16
12
19
24
22
22
22
22
26
25
26
26
27
26
34
35
35
35
35
35
35
26
35
36
36
36
36

14
14
14
14
17
20
20
2s
23
23
23
23
27
26
27
27
28
27
35
36
36
36
36
36
3¢
37
36
37
37
37
37

TABLE 8.

2s
26
27
28
29
30
31
32
33
34
3¢
36
37
38
39
4¢
41
42

11

11

11

12
13
14
14
15
18
18
18
18
20
20
21

22
24
24
27
28
29
29
3n
31

31
32
32
33
33
33
33

226.80
226 .80
226 .80
300.C0
336447
397.52
357 .50
477 .00
605.50
605.5¢C
605.5%
605.50
6566460
666 + 60
715450
755.C0
SCC .00
9€0.00
1113.00
11%82.59
1272.00
1272.00
1351,.,Cn
1431.C0
1431.00
1519.50
1510.50
158C.600
159.cc
159%.C0
1590,00

TOTAL CCST PW
14792.,49
15444.09
16126.95
16746.80
17422.13
18011.94
18690.5n
19361.57
19802, €4
20440.22
21101.32
21790.29
22491.95
23175.09
23905.25
24575446
25259451
259%8,.62
26686.40
27374, 32
28C 58,489
28778415
29389.06
25946440
30507.57
30997.43
21473.80
31888.22
32304412
32692,81
33056.07

TL



YEARS IN 1 PERIOD RPLMENT YEAR LAST YR GLT# ACSR(HCH)

36
36
36
36
36
36

37
37
37
37
37
37

TABLE 8.

55
56
57
58
59
60

(Continued).

33
33
33
33
33
33

1590.0C
1590.00
1590.00
1590,C0
1590,.00
1550.,00

TOTAL COST Fw

33395.57
33712.85
34009,38
34286451
34545.51
34787.56

L



YEAR RATE OF CURRENT GROWTH

4% 8 % 3%
! 30 30 30
2 31.2 32,4 33.9
J 32.5 35 38.3
4 33.8 37.8 43.3
5 35.1 40.8 48,9
6 36.5 b 55.2
7 38 47.6 62.5
8 39.5 51.4 70.6
9 hr.1 55,5 79.8
10 42,7 60 90.1
11 bty 64.8 101.9
12 W62 70 115.1
13 48 75.6 130
14 50 81.6 147
15 52 88,1 166
16 sS4 95.2 187.6
17 56.2 102.8 212
18 58.4 111 239.6
19 60.8 119.9 270.7
20 63.2 129.5 305.9
21 65.7 139.8 345.7
22 68.36 151 390.7
23 71 163.1 4hl. 4
24 74 176.1 498.8
25 76.9 190.2 563.6
26 80 205.5 636.9
27 83.2 221.9 719.7
28 86.5 240 813.3

Table 9. Effective Current (Amperes)



YEAR b % 8 % 13 %

29 90 258.8 850
30 93.6 269.5 850
31 97.3 301.8 850
32 101.2 326 850
33 105.2 352.1 850
34 109.4 380.2 850
35 113.8 410.7 850
36 118.4 443, 6 850
37 123.1 479 850
38 128 517.4 850
39 133.2 558.8 850
40 138.5 603.5 850
41 14y 651.,7 850
42 150 703.9 850
43 155.8 760.2 850
il 162 821 850
L5 168.5 850 850
L6 175.2 850 850
47 182.2 850 850
48 189.5 850 850
49 197.1 850 850
50 205 850 850
51 213.2 850 850
52 221.7 850 850
53 230.6 850 850
54 239.8 850 850
55 249.4 850 850
56 259.4 850 850
57 269.8 850 850
58 280.6 850 850
59 291.8 850 850
60 303.5 850 850

Table 9. (continuation)
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Before making any final conclusions it may be neces-
sary to look at the results found if only two conductors
were used for sixty years. From Table 4 it is found
that this corresponds to conductor (29) from year (26)
to year sixty and in the first period the best choice
of a single conductor for a period of (25) years, Table

3.

| #8 #29 |

25 gb

Figure 13. Replacement Scheduled. Sample case.
(Two conductor case)

Ideal Case

When a conductor is replaced, its salvage value
is strongly dependent on its past history. Strains put
on a conductor by weather, overloads, maintenance and
some other factors contributes to the unpredictability
of the salvage value estimation. This, so called ideal
case pertains to the condition where the unamortized
value of the conductor at any year of replacement coin-
cides with the salvage value of the conductor at that
year. If the basic reasoning is followed in estimating
the cost of a replacement installation annuities on the

investment of the original installation are extended



over the life of the second installation, at least until
the original investment has been completely amortized.
As it was explained in a previous section this series

of uniform costs in the future can be represented by
means of discounting factors by a single lump sum at the
time of replacement. This constitutes a positive cost
at the time of replacement. By the definition of the
ideal case, the salvaée value at this year will be equal
to the last guantity. Since the salvage value is a
negative cost it will exactly nullify the effects of the
unamortized cost. Since this equality holds for all
years under study, the calculations of the unamortized
cost and the estimation of the salvage value of the con-
ductor becomes completely unnecessary. In program lan-
guage this is translated to making the control variable
USABLE equal to zero as well as the proportionality fac~
tor for the salvage value CVALUE(K)=Kl1=0. This will
make the annuities on the old installation after its
replacement and its salvage value equal to zero, thus
producing the desired effect. It should be mentioned,

however, that removeal cost of the conductor at the time

of replacement is always included. The following schedule

for the same system described in the sample case, was

obtained.
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13 23 35 60

Figure 14. Replacement Schedule. Ideal Case.

Further results of this case, and the different

rates of current growth are listed in Table 10.

Non-reusable Conductor

For several reasons, it is possible to have a con-
ductor installed in a line even though its salvage
value will be zero at the year of replacement. For a
growing load it is almost certain that a replacement
should occur long before the physical life of the con-
ductor is over. Since its salvage value is zero, the
undepreciated capital still has to be depreciated over
the life of the new installation. This is done in the
program by making K1=CVALUE=0, and USABLE=l. Another
way of representing these conditions will be by appro-
priately choosing the value of the parameter shape. See
Figure 15 (shape = 10). By choosing a fast decaying
exponential function for the salvage value curve the zero

salvage value assumption can be readily approximated.
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GROWTH| IDEAL

FOUR CONDUCTORS THREE CONDUCTORS 2 CONDUCTS. |1 cd.
RATE OF| CASE. (3 REPLACEMENTS) (2 REPLACEMENTS) | (1 REPL.)
. {cURREN®T
PERIOD 1 2 3 4 1 2 3 1 2 1
YEARS 1-16 117-32(33-47 [48-60 | 1-24 {25-45 [46-60 [ 1-27 | 28-60|1-60
47 CONDUCTOR| 6 9 12 18 7 11 18 7 13 10
COST $/mi] 14181 * 14188 w412 |17109
PERICD T ]z 3 I T z 3 T Tz I
YEARS | 1-13 | 14-23 |24-35 [36-60 | 1-19 |20-35136-60 | 1-25 | 26-60]1-60
8% |conbuctor 7 11| 181 33 | 8 18 33| 9 29 | 22
COST $/mi 33331 * 33689 35823 |ss5780
PERIOD 1 2 3 4 1 2 3 1 2 1
YEARS | 1-6 |7-13 |14-22 23-60] 1-12 |13-2223-60 | 1-18 | 19-60| 160
13 % | conpuctor 6 10 18 33 8 18 33 10 33 24
COST $/nil 58817 * 58858 61106  |84470

(* denotes optimum policy)

TABLE 10. Results for Ideal case.
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FIGURE 15. Salvage value curves,
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#9 . #18 ) #33 |

19 37 60

Figure 16. Replacement Schedule. Scrap conductor.

Figure 16, represents the results obtained for this
type of installation using the basic parameters of the
sample model. By straight reasoning it is seen that by
eliminating the costs reducing effects of the salvage
value the overall costs of the installations, in com-
parison with other cases, is increased.

The number of replacements is generally decreased
due to increases in revenue requirement produced by
extending the recovery charges of old conductors to the
annual costs of the new installations. This will
obviously tend to offset the savings produced by instal-
ling a larger conductor as the current increases. A new
installation will be characterized not only by reduced
annuities on energy and demand losses but will possess
a higher annuity on investment cost than that normally
produced by a non-zero salvage value conductor. Table 11
shows results obtained for a similar.case but different

rates of current growth.



GROWTH | SALVAGE FOUR CONDUCTORS THREE CONDUCTORS | 2 CONDUCTS.[1 cd,
RATE OF VALUE=0 (3 REPLACEMENTS ) (2 REPLACEMENTS) | (1 REPL.)
CURRENT]
PERIOD 1 2 3 i 1 2 3 1 2 1
YEARS - - - - 1-27 [28-49]50-60| 1-29 | 30-60| 1-60
4% bowucror | - - - - 7 11 18 7 13 10
*
LOST $/mi - 14840 14421 Jp109
PERTOD 1 2 3 L 1 2 3 1 2 1
8% YEARS 1-11 | 12-23124-37 |38-60 | 1-19 |20-37]38-60 | 1-25 | 26-60| 1-60
CONDUCTOR | 6 10 18 33 9 18 33 9 29 22
£OST $/mi 36603 35693 ¥ 36508 55780
PERIOD 1 2 3 4 1 2 3 1 2 1
YEARS - - - - 1-9 |10-20]21-60| 1-18 | 19-60] 1-60
13 % | conDucTOR - - - - 6 13 | 33 10 33 24
3*
COST $/mi - 62557 62547 84470
(* denotes optimum policy)
TABLE 11. Result for SALVAGE = 0 case.

8
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Salvage Value Mocdeling

Figures 16 and 17 present some of the different
salvage value approximations that can be achieved by
changing the exponential coefficient of the salvage
value equation. This is equivalent in the program to
assigning different values to the variable SHAPE. Small
values of SHAPE will tend to make the salvage value equal
to a prescribed value throughout the life of the conduc-—
tor. The larger this constant value the smaller the
number of replacements that will be permissible. The
inverse is also true, that the smaller the constant, the
larger the number of replacements that are permitted.
The equation for the salvage value, (see Appendix),
presented in the program defines a non-increasing type
of function. If there happens to be a case where the
salvage value is expected to exceed the original cost
of the conductor at the time of replacement a more suit-
able equation should be defined by the user. In any
case, the one stated in the program will fit most prac-
tical cases.

The salvage value of the conductor cost is assumed
to be proportional to the original cost of the conductor
itself. Installation costs are excluded. = The propor-
tionality coefficient CVALUE(K), is a function of the

conductor in question and provides a mean of dealing with
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TABLE 12. Results for SALVAGE VALUE # 0 case.

GROWTH | SALVAGE FOUR CONDUCTORS THREE CONDUCTORS 2 CONDUCTS. {1 cd.
RATE OF| VALUE %0 (3 REPLACEMENTS ) (2 REPLACEMENTS ) (1 REPL.)
CURRENT
PERIOD 1 2 3 L | 1 2 3 1 2 1
YEARS 1-1 2-1920-37|38-60 1-19 120-37]38-60 1-25 | 26-60{ 1-60
8% | conpuctod 1 8 | 18 3| s 18 39 | 2 22
SHAPE=| G050 4 /m 36251 35678 * 36508 | 55780
PERIOD 1 2 3 b | 1 2 3 1 2 1
YEARS 1-10 111-2223-36 [37-60 | 1-19 [20-36{37-60 | 1-25 | 26-60]1-60
8% !conpucrod 6 10 |18 33 | 8 18 331 9 29 | 22
SHAPE=
1/2 | COST $/mil 34787 34632 36177 55780
PERIOD 1 2 3 L 1 2 3 1 2 1
YEARS 1-5 6-13 14-23 [24-60 | 1-10 11-20|21-60f 1-18 | 19-60(1-60
13 % | conpuctod s 9 18 |33 7 | 33 10 ] 33 |28
|SHAPE=
1/2 | COST %/mj 61181 60631 61773 84470
("* denotes optimum policy)

4]



different salvage value behavior for each conductor.
Associated with the salvage value is the removal cost
of the conductor since the first cannot be obtained
without the realization of the second. It is assumed
to be proportional to the installation cost of the con-
ductor alone. A coefficient of proportionality, as a
function of the conductor CREMOV(K), is provided also.

Inflation effects can be included when desired.

Constant Load

More as a check to the structure of the program
than anything else, a run was made where the load
current was assumed constant for the length of the
period under study. The results were consistent with
Kelvin's Law. The optimum conductor was that for which
the difference between the annual costs of losses and
annual cost of investment was a minimum. Since a
conductor cannot be in service forever the year of re-
placement will be that in which the physical status of

the installation requires it.

Increasing, Annually compounded load

In most actual cases, the load in any given area
is effectively increasing each year or at least is a
non-decreasing function of time. Independent of the

shape of the load cycle in a given year, the total losses
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produced by energy transportation can be represented by
an effective current in that year. According to how
fast this effective current is predicted to increase
every year an appropriate rate of growth for an annually
compounded current can be found. The faster the load
increases the larger this number should be. As in any
physical system, the load cannot keep growing forever,
in a given line, since eventually it will exceed the
capacity of the larger conductor available. Even with
bundle installations, they are designed to carry up to
a maximum load. In distribution lines, especially in
residential areas, the load density which is propor-
tional to the area population will eventually level
off primarily due to space limitations. In view of the
results obtained, in order to obtain any relevant solu-
tions the period of study should be extended a few years
over that in which the load becomes more or less stable.
By increasing the current rate it was seen that
replacements occur at an earlier date than with a lower
rate. Since the higher the rate the faster it reaches
the limiting value of the current, the sooner it becomes

economically feasible to install the larger conductors.
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a3 | #7 ) #11 L #18 ¢
Ck=4% | 27 29 60
N #9 §18 433 |

CK=8% L L
! 19 37 60
ckel3s |6, #13 #33 |

9 20 60

Figure 18. Effect of change in the rate
of current growth,
{Zero salvage Value)

Interest and Inflation Rates

This section will summarize some of the effects
in optimum replacement policy observed to be caused
by using relatively extreme values of interest rate.

It is important to note that changes in interest
rate are clearly reflected in the calculation of the
capital recovery factor. Costs charged to insurance,
taxes and similar terms may be influenced somehow by
variations in interest rate. It is then necessary to
make the appropriate adjustments in these quantities
before proceeding to the actual computations.

An interest rate of 3% was considered with all
other parameters in the study being similar to those in

the sample case. A new capital recovery factor was cal-
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culated assuming equal amortizaticn period. Annuities
on taxes, insurance, operation and maintenance expenses
remained unchanged during the study. 7The magnitude of
the energy and demand cost increases rapidly causing a

larger conductor to be installed soconcr in order to

reduce energy losses. Just how carly Lhis is depends on
how much the savings in energy costs are upset by the
increases in investment costs. The correspending decrease
in capital recovery factor, due to the lower interest
rate, while not affecting the energy component it effec-
tively reduces the fixed charges annuities thus allow-

ing larger conductors to be present earlier in the
schedule. Table 13 shows the results obtained by using

a 3% and a 12% interest rate.

By increasing the interest rate, relative contribu-
tions of costs in the future are greatly reduced. The
corresponding increase in capital recovery factor en-
hances the proportion of total annual cost due to invest—
ment annuities. A consequence of the above, is to have
smaller conductors installed so that energy losses would
more or less balance the annuities on investment.

Inflation rates and their overall effects on replace-
ment policy were also studied. As previosuly described,

the program allows for four different types of inflation



INTE | CK=8% FOUR CONDUCTORS THREE CONDUCTORS | 2 CONDUCTS.|1 cd.
REST

RATE. [SHAPE=1/2 (3 REPLACEMENTS) (2 REPLACEMENTS) | (1 REPL.)
[PERTOD 1 2 3 7 1 B 3 T > -
YEARS | 1-1 }2-18 {19-33{34-60 | 1-17 | 18-33|34-60] 1-28 | 29-60| 1-60

3% CONDUCTOH 2 9 18 33 9 8 | 33 ” 51 26
COST $/mj 111627 111010 112773 69153
PERIOD 1 2 3 ™ 1 2 3 : 5 -

YEARS 1-12 }13-24(25-37(38-60 | 1-14 15-31|32-60| 1-21 | 22-60]1-60

12 % { conpucTo 6 10 18 32 6 12 28 8 22 22

*

COST $/mi 13277 13324 13955 32665

(* denotes optimum policy)

TABLE 13. Results for Interest Rate case.

68
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rates, on energy, demand, labor and conducting material.

Table 14 shows the results obtained by assuming
a similar inflation rate for all four components. No
definite conclusions can be made since costs in invest~
ment and energy losses are both inflated at the same
rate. In order to see the definite effect of each of
these factors separately, a run with only the energy
and demand costs inflated and then another one with the
investment costs inflated was made.

With inflation rates on the energy and demand com—
ponents the overall effect is an increase in the annui-
ties of these components. Consequently larger conduc-
tors are admitted earlier in the replacement schedule.
Since the energy and demand losses, in the given condi-
tions, constitute most of the annual cost a way of
reducing them is to introduce larger conductors earlier
in the study so as to reduce the IZR losses. How large
these conductors should be and how soon should they be
put in the line depends on what effect these decisions
have on the total cost.

Inflation effects on labor and material costs only
strongly contrast with those in the previous case. The
weighing factors are now reflected on the investment

costs producing a total annual cost which is highly depen-~



RATE OFf SHAPE=1/4  FOUR CoNDUCTORS THREE CONDUCTORS | 2 CONDUCTS.|1 ca.
IN FLA | CK=8% (3R EPLACEMENTS ) (2 REPLACEMENTS) | (1 REPL.)
TION
PERIOD 1 2 3 & 1 2 3 1 2 1
4%
LABOR | YEARS - - - - 1-1 | 2-23|28-60| 1-23 | 24-60] 1-60
MATER.
ENERGY | .
SEmaey | conpucroy - - - - 2 10| 33| 10 | 33 29
COST $/mi - 109225, 108603 © J26046
PERIOD 1 2 3 4 1 2 3 1 2 1
b YEARS - - - - 1-1 | 2-21{22-60 | 1-21 | 22-60]| 1-60
LABOR
MATER.| conpucToR - - - - 1 18 | 22 8 22 | 22
3
COST $/mi] - 51701 50094 57281
PERIOD 1 2 3 4 1 2 3 1 2 1
b % YEARS 1-8 9-18[19-28 29-60 | 1-15 [16-28 [29-60 | 1-22 | 23-60(1-60
ENERGY
DEMAND| conpucTor] 6 0] 18133 |8 18 33 | 10 [ 33 | 29
COST 8/mi 82715 82328 * 83191 t]?.}éug

(* deno

es optimum policy)

TABLE 14. Results for Inflation case.

16



dent on the type of installation. Consequently,

choosing of a small conductor will be favored.

the

92
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CHAPTER V

AVAILABLE OPTIONS

Dealing with Existing Conductor Installations

A frequent situation will be that of installations
already in existence prior to the study. So far, it has
been assumed that the project under study is in the
design stage. The extension of the ideas developed in
this thesis to systems with installations already in
service can be shown to be of practical and economic
advantage.

Three parameters are introduced which will suffi-
ciently describe this condition in the program. OLDCDT
(old conductor) represents the appropriate number that
identifies the conductor of the existing installation.
NYRSUP (number of years up) stands for the number of
years the installation has been in service. This para-
meter is needed to calculate the salvage value. CWORTH
is defined as the ratio of the present worth of the old
installation over the cost of a similar installation
today. In order to account for the fact that the con-
ductor is installed before any replacements are intro-
duced, computations made for all intervals of time
starting at the beginning of the study, that is M=1, have

to be made using the values related to the existing
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conductor only. In this matter, the conductor in ques-
tion is forced to appear in all possible strategies and
before any replacement. This is the desired effect
since the existing conductor should certainly appear as
the initial installation in any proposed schedule. What
the program has executed at this point, is a search for
the optimum replacement policy given that conductor X
is in the line. Note that X may be replaced by any
other conductor of interest, in order to observe the
effects that changing initial conductor has an optimum
replacement policy.

By proper modifications, it is also possible to
force a given conductor in any of the replacement
periods. This can be done in order to study changes
in replacement policy caused by introducing certain con-
ductors in the intermediate periods of the replacement

schedule.

Bundled and Mixed Installations

In many cases, specifically transmission lines, the
utilization of bundle conductors becomes a major consi-
deration. Naturally whenever load growth is involved
the potential for replacements is always present. The
question rises on the possibility of introducing bundle

replacements to single line installations.
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A method of dealing with all these cases besides
the regular one of single line conductors being replaced
by similar installations, is presented in a way that
the whole set of alternatives is treated at the same
time.

Corona losses are assumed to be negligibly small
in comparison with regular line losses. Nonetheless
they can be included if desired by the user. This may
be done by adding a term to the energy loss equation in
order to account for the corona losses.

The basic idea in the incorporation of bundling
and mixed replacements into the program is based on
treating the bundle conductors as if they were another
type of conductor with their own specific resistances,
weights and current carrying capacities. Consequently,
the dimension of the vectors R(NCON), W(NCON), CURCAP
(NCON) has to be doubled. That is, NCON (number of con-
ductors in study) is doubled. Since bundled conductors
are assumed to be formed among conductors of the same
size, the net effect of an n-bundle conductor is to
decrease the resistance by a factor of 1/n and increase
the weight and the capacity to the line by n.

These operations are easily introduced in the
program. By extending the size of the matrix defined

in Figure 6, more specifically by doubling it, the hard-
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ware and structural costs incurred when changing from a
small conductor to a larger one or from a single con~
ductor line to bundle installations can be stored in a
systematic way. A method of implementing this idea into
the program would be to aggregate a term to TMIN(I,
NFINAL), essentially the adequate entry of the struc-
tural costs matrix, EXTCOS(I,J) where I represents the
old conductor and J the new one being installed. More
concisely, for the two conductor case, when the first
replacement is introduced, this term becomes:
EXTCOS(I,J)=EXTCOS(NN(1,I),NN(IPLUSl,NFINAL))
(24)
I J

Where I and J represent the best installations res-
pectively in the two intervals of time defined by (1,I)
and (I+1,NFINAL). When two or more replacements are

introduced the corresponding entry becomes:

EXTCOS(I,J)=EXTCOS(NN(NNL(NCDTS,I)+1,I),NN(IPLUSl,NFINAL))
T I (25)
NNL(NCDTS,I+1l) denotes the starting year for a replace-
ment in the previous case, the n-1 conductor case for
a total of I years. The letter n stands for the total

number of conductors in the study. So, for two or more

replacements, n23.
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CHAPTER VI

CONCLUSION

A point to stress in this thesis is in regard to
the inherent flexibility with which the program is
designed.

Conductors to be used in the study may be deter-
mined according to existent stock, storage capabilities
and any other limitations presented by the user.

Inflationary rates are free to be chosen by the
user. Although the program is designed with a built-
in expression of the yearly load in terms of its com-
pound rate of growth, it can be replaced by another one
or by just reading in the expected load as a part of
the data. 1In dealing with the salvage value, figure 16 & 17
shows a family of curves, representing this parameter
that can be obtained with different modeling factors
SHAPE. If the user prefers to use his own expression
he may do so without affecting the rest of the program.

In order to obtain any reliable results, the period
under study should be made long enough so that events
far enough in the future would have no repercussions on
short term policies obtained for the first few years.
The criterion for choosing where far enough should be

depends mostly on the load variations during the period



of study. This was determined according to results
obtained for the different cases studied. Results ob-
tained for the 4%, 8%, 13% rates of current growth,
show that the sooner the load approached a limiting
value, between certain tolerances, the shorter the
period under study would have to be in order to obtain
relevant results.

Even when the results obtained may not be definite
in as far as its realization over the period under
study is concerned, they constitute the best possible
strategy to follow in order to minimize revenue require-
ments.

If some of the economic factors used in the study
exceed certain expected tolerances before the year of
a replacement, a new study should be done at that time
that will accomodate the unexpected changes.

In any case, the policy found for a given number of
years is a result of the original data and the solution
to the optimization problem given those initial condi-
tions,

A general approach to bundling installations and
their replacement as well as to single conductors with
bundled installations is devised. a solution wh;ch in-

corporates the diversity of costs between different

98



installation structures is given, with the appropriate
modifications to the structure of the program in order
to encompass all these cases.

By proper utilization of these results, storage
space as well as production cost can be considerably

improved for any given utility company .
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APPENDIX

Kelvin's Law Equation

For a fixed current the annual cost of a conductor
installation is given by:

AC(R) = K;T?R + K,/R (a-1)

Annual Energy Cost Annual Investment Cost

where Kl and K2 are appropriate proportionality constants.

dAC(R) _ 2

2
ar KlI - K,/R (A-2)

2
Setting the derivative equal to zero and noting that the
second derivative is positive. The minimum R that will

minimize this equation is:

R = (A-3)

Note that the minimum occurs at the point where
the slope of the annual energy curve equals the negative

slope of the annual investment curve, Figure A-1.

Annual
Cost

Total Annual Cost

Annual
Investment
Cost

Annual Energy Cost
Area of Conductor

Figure A-1
Annual costs of a conductor installation
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For this equation to hold, the linear variation on
investment must originate at zero. A necessary condi-
tion is that energy costs must be inversely proportional
and investment cost directly proportional to the area of

the conductor.

Cost Equations

The total annual cost of a conductor installation
may be given by:

AC(R,N)=AI(R,N)+AEC(R,N)+ADC(R,N) (A-4)
where,

AC(R,N): Total annual cost of conductor R at year N.

AI(R,N): Annual investment cost of conductor R at
year N.

AEC(R,N) : Annual energy cost of conductor R at year N.
ADC(R,N): Annual demand cost of conductor R at year N.
AI(R,N) = n(weight) (cost of conductor + cost
to install) (capital recovery factor

+ annual percentage of insurance,
taxes and maintenance cost)

(A-5)

AEC(R,N) = n(hours in year(resistance) (current
at year N)2 (loss factor) (cost of (A-6)
kw-hr.)/1000.

ADC(R,N) = n(resistance) (current at year N)2 (A=7)
(cost of demand losses)/1000,

Total | a

?g:§.= AC(R,n)/(1+i)" - SALVAGE (Rn_l) (a-8)

Worth) (R -R 1) /(1)L



where 0
8(R -R
n n-

if R, =R

if Rn # R

1)

[

n-1

Rn ¢ Conductor in service at year n.

SALVAGE(RD_I): (Salvage value of the
conductor at year n-1) - (Unamortized
value of same conductor) - (cost to
remove) .,

Load Approximation
I(n)= I, (L+cr)"”

I Initial current

0:
n : Year of interest
I(n): Current at that year

I{(n) =K iff i(n)>K

(A-9)

{a-10)

(A-11)

(a-12)

where K is the maximum value the current can take.

Salvage Value Equation

£{x) =(CC(K) exp ( (SHAPE) X/ (X-APE) ) if
X>APE

0 otherwise
where
CC(K): Cost of conductor K

£(x): Salvage value of coductor K after
X years of use

SHAPE: Modeling parameter

APE: Amortization period

(A-13)
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Discrete Interest Formulas

Time value of money considerations are essential in
most relevant economic studies. Costs occurring at
different stages in the time scale can only be related
to one another by appropriate discounting of compounding
factors. Factors of this type encountered in the solu-
tion of the problem will be briefly explained and sum-
marized.

The concept of rate of interest or cost of money
is the fundamental idea behind the existence of the so
called compounding and discounting factors and some
others derived of these which are frequently used in
economic analysis.

Rate of interest is defined as the minimum accept-
able interest paid to the suppliers of capital for the
right to invest their money in a given installation.

SPPWF, which stands for single payment present
worth factor, represents the discounting factor. Given
a sum of money in the future, S, its present value today,

is given by:

R (a-14)
(1+i)

where n = year in the future

s
"

interest rate



SPCAF, single payment compound amount factor, given
a present sum P, what will be its future worth S at
the end of n periods.

S = p(1+i)" (a-15)

CRF, capital recovery factor produces the future
series of end-of-period payments that will just recover
a present sum P over n periods with compound interest i.

R=p (%) (a-16)

(1-i) -1

USPWF, uniform series present worth factor, pro-

duces the present worth of a series of end-of-period

payments R for n periods at compound interest i.

.\n
P =R (M) (A-17)

k(1+i)™
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*CREMOVIA4C) sCVALUE{40) s TPUWSA (40 .80) s FACCRF (40 +80) s CURCAP(40) ,USPWF
*(80)
ﬁFAD-CUPENC.N-CK«AI,CCCAD'CIBST.(FF-CKWHRL,CKUL}NCUA.FL.TOﬁI'APE
< . .
C KI=SCCEFFICIENT GF SALVAGE VALUE
C K2=COEFICCIENT GF REMOVAL €asT
€ SHAPE=MODEL ING EXFCNENT GF THE SALVAGE VALUE CURVE
[
READ 4K14K2,SHAPE
READ, CINFL 1, CINFLZ2,CINFL3,CINFL &
READ « (R{T)sW(I)+1=1,NCCN)
READ,(CONDUC{ 1), +NCCN)
READ+(CUFCAP(K)} 4K=1,NCCN)

IF AN OLD CONDUCTOR IS IN THE LINF PRIOR TO INSTALLATION
OLDCDT=ASSIGNFL NUMEER CF SUCH CCNCUCTOR IN PROGRAM
CWORTH=PST,WORTH CF SUCH CONDUCTCR IN PeL. OF ORIGINAL COST

NYRSUP=# CF YEARS ITS BEEN UP

[a NNl s Nal

REAC,DLOCOT+CWORTHINYRSUD
C CCKNTRCL INCECFS
READWNPRINTs LSABLF, LDATA

TABLE 15. List of Program.
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12
13
14
15

17
18

19
20
21
22
23

2s
26
27
28
29

447

448
449

451’

IFILDATAL.EG.0)GC TC 451

WRITE(E,444)

FORMATI*1%,20X,LIST CF DATA?)

WRI YE(&.OAS)N.CUREKU-CK-NCDV\-CCUNC.(lNST-CKIFRL‘CKV’L-FL‘AI.CRF.
tTEMlo‘PE.ClNFLI.CIKFLZ;CINFLE.C{NFLA.‘Kl,K?-SNAPE-USABLEoCLDCDT-ClO
*RTHNYRSUP

FORMAT(*=¢ , '*NUMBER OF YEARS UNDER STLDY =*9I343X," INITIAL CURRENT=
*T 4FS .0 43X *RATE FS.3/% v, *NUMBER OF CONDUCTORS =1,13+3X, *CONDUC
*¥TCR COST(S/LB) =9 ,F4.2/9 *H>"INSTALLATICN COST{$/LB) = 2Fa4243X. 'kW
*HF COST = +F4.2,3%, "Kw=DEMANEC COST ='aF4.2/7% *,410S5 FACTOR Fa.,
*2,3Xs *INTEREST RATE =1 sF4,2,3Xs *CAPITAL RECOV. FACTOR =0,F7,5/¢ »,
**TAXES INS. ETC = F74543Xs *AMORTIZATION PERICD =%,[3/¢ ¢ ,9 [INFLATI]
*ON ON CCNDUCTER = +F4.2,3X, *ON LABOR ='eF44243X, 'ON ENERGY =9,F4,2
%/° '410ON DEMAND = Faa223Xe"Kl =% ,F84,2,3X,'K2 ='eF4,2,3X, *SHAPE =¢
*3F842,IX, YYSABLE = +F4.2/% *,00LD CONDUCTOR =#%,13,3X¢'FW OF SUCH
*CDes IN PU =*sF543,3X.'YEARS CF USE =",13)

WRITE{€,447)

FORMAT( " 3" CONCUCTOR ACSRIMCM) RESISTANCE(O/M) WEIGHT(LBS/M) CURR
*ENT CAPACITY(AMES) V)

OC 448 K=1,N(CN

NFITE(&.Q‘S)K'CCRCUCIK);P(K’-VJ(K)1CUF(AP(KI

FORMAT( * ‘.IS.(:X'F7-2.6X.F7.4-7)'.F8.2.IDX'FE.ZJ

COCNTINUE

FXCOST=CRF+TC¥]

NTIMUST = Nm)

NDC 151=1,n

SPPHF{I)=1.0/(1,+A1)%¢%(1)

USPHF(II:((].iAl)‘*l—l-)/(Al!(l.#ﬂl]"‘l)

TF(1.EQs13GC TC 22

CURREN(!’=CLRENC*(1.+CK)*‘( I=1)

TABLE 15 (Continued).
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30
31

32
33
34
35
36
37
38
39
40

a1
42
a3
44
45
46
47
48
49
50
St

52
53

S4
S5

22

15

C

TF(CURRENT1).GT 4850 ) CURREN(T)=850.,
GC TN 15

CURREN{I)}=CURENC

UEPWF(77)=0.

CONT INUE

DC 18 K=14NCON

CVALUE(K)}=K]

CREMCV (K }=K2

DO 18 [=1,4N
REMOVE(K;I)=3-D’CREMDV(K)tCthY#i(K)*(lofC[NFLZ)t!X
IF{I1.GF.APE)CGC TC 80

€ VALUE(K, ) 1S EXPRESSED AS A PORTION OF INVESTMENT ON CONDUCTCR ONLY .
[

80
19

EQUIS=(SHAPE*1) /(I=APE)

IF(EGUIS.LE.=25.)C0 TC 80
VALLE(Ks1)=CVALUE{K) ®REXF{EQUIS) *3.0%W(K) *CCOND

GO TC 19

VALUE(K+I)=0.0
AKHHRL:B-O*E?&O-C*FL*(KIHQL*F(K)*(CUFREN(l))‘t?/lOO0.0

AKWHRS AKWHRL *( 1+ CINFL 2 )# %]

AKWL=( 7 ClP(ﬂ)#(K‘L*(CUFFEN(ll)**Zl/lDO0.0
AKWL=AKWL*( 1 4+CINFLA) %%

ACL(Ks I)=AKWHFRL 4+ AKWL

PAC({K,I}= -*W(K)*(CCCND‘(I-4(INFL13‘*(I)’CINST‘(1.0CINFLZD#il)tFXC
*CST
PACCQF(K-I):?-*W(K)*(((END’(}-G(INFLI)ttIOCINSTt(l.oCImFLE)*tll*CR
*F*USABLE

IF(KNF«CLEOCCT)CC TC 18

IF{1.NE.1)GC 1C 18

PAC{IC TI=PAC(K, | ) #CWORTH

TABLE 15. (Continued).
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56
57
58
59
60
€t
62

€3
64
65
66
67
68
69
70
71
72

73
74
s

76
77
78
79

a0

18

21

301

33

116

201

FACCRFIK,T)=FACCRF(K, I} *CWORTH

CONTINUE

CC 77 N=1,N

IF(M.GT.NPRINT)GC TG 21

CO 16 K=1,NCCA

WRITE{(6,301)

FORMAT( 11, *FROM CD YR CURREN AC.LOSS AC.PURCH AC.TOTAL P.wORTH TO
*¥TALSFW TPW/SALVAY)

CDTCAP{K) =0

DO 16 I=MsN N

NUSE=TwN+1

NAPE=APE=NUSE

TFINAPECLE O )NAPE=77

PRlKs[)=SPPUFIT )4 (FAC(K.MI$ACLIK,I))

IF(1.E0.M¥GD TO 23

NK=[=]

TPW(KsI)=PW(K2I)+TPW(K,NK)

TPWNSAIK «I)=TPW K+ 1) 4PACCRFIK M) $USPEF (NAPE ) *SPPWF [ 1 )= ( VALUE (K s NUS
FEVE {1 4CINFLI)**¥[=RENOVE(K 1)) *SEEWF (1)

GC 1O 116

TPW(KsI)=PWI{K,I)

TPEWSALK I )=TPW (KeT) #FACCRF (KyM) ¥USPWF (NAPE ) #SPPRF ( I )= (VALUE (Ks NUS
HED (1 o4CINFLL)*# [=REMOVEIK, 1)) *¥SPPWF ()

CCONTINE

TACIK s I)=PAC(KsM)+ACLIK,1)

IFIM.GT.NPRINTIGC TC té6

WRITECE42010M oK aIyCURREN (1) 3 ACLAK 1) 4PACIK +M) ¢ TAC(KS L) sPW{KsT)sTOW
*UKsI)oTERWSACK, )

FCRMAT (! 122X aT2013,2XeF5.04F84042XsF64001XsF9,04FBaCeFIe0sF 10,
*0)

TABLE 15. (Continued).
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a1
82
a3
8s

as
86
87
as
a9
90
91
92
93
S4
95
9%
57
23
S9
100
101
102
103
194
108
106
107
108

471

39

CCNT INUE

1F{M.NE«1)GC TC 17

WRITE(6+102)

FCRMAT(*1% 440X, *LIST CF QPTIMUM CONDUCTORS /0 REPLACEMENTS FRQM ¥
*EAR 1 TO YEAR X1/%=% ,60X,°CASE # 1 (ANO REPLACEMENTS)* /0% ,30X,YEA
¥R X 42X, P CURRENT (AMPS ) 1, 2X, $CONDUCTOR # ACSRIMCM) *,6X,*TOTAL COS
*7 $/MILE (PST.wCRTH)®)

NCAP=0

OC 25 I=M,A

K=1

IF(OLCCCTeNEWCoANCM.EQ W1 )GO TO 37

CENTINLE

IFIKWGT.NCON)GD TC 162

IF(COTCAP(K) .EG.1)GD TO 473

IF{CURCAP(K) +CELCLFREN{I))GC TQ 470

COTCAR(K)=1

K=Ke1

NCAP=NCAP+}

GC TC 471

KPLLS1=K+1

TPWMIN(MI )=TPW{K,1)

TERNI=TPWWSA{K, )

NNTM T )=k

IF(KPLUSI+CT.NCENYED TC 67

GG 1C- 3%

NN(M41)=0LDCD T

TPWMIN(M oI )=TEW (CLCCRT, 1)

6o TC 27

OC 28 K=KPLUS1,NCCA

IF (CURCAF(K) LT CURREN{T) GO TO 82

IF(TPWWSAIKI).GE.TPWMI)GO TC 28

TABLE 15. (Continued).
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109
110
111
112
113
114
115
116
117
118
L19
120
121
122
123
123
125
126
127
123

129
130
131
132

133
134
135
136

TPWMIN(M. 1 )=TPWIK, )
NR(Mo1) =K
TPWMI=TPWWSA(K,1)
GC TC 2a
a2 NCAP=NCAP+1
CCTCAP (K)=]
28 CCNTINLE
IFINCAP.EQ«NCEN)GC TC 162
67 CCNTINUE
IF(MJNE.1)GC TC 25
27 HRITF(6-10])I-CURFEN(l)‘NN(M.l).CCNDUC(NN(M-[))-TPWNIN(P'I)
101 FUQMAT(’O';BUX.IQ.EX;FQ-?.SXnI?;Ex|F7.2.lSXgFlZ-E)
25 CONT INLE

77 CCNTINUE
NCDYS=1
FINMININ)=TRUMINGL4N)
89 DG 91 I= NCDTS,AIMUST

IPLUSLI=T+1

IF(NCCTS+FQ.1)G0 TG SS
SALhET:(VALUE!NN(RNL(NCDYS.l)01'l).l‘hNL(NCDTS-II)*(l-'ClNFLl)k*(l
t)-REMOVE(NN(NNL(NCDIS.I)*l.!)-l))*SFPhF(l)

GC TC a8

99 FINMINCI)=TFUMIN(]L 1)

L=T+NYRSUP
SALKETE(VALUE(Nk(l.Ylel*ll-’CINFLI)"(L)-QEMOVF(NN(lql)-[)]*SPPHF

*¥(1)
FACE(ACDTS.II=PAC(FF(NN(1.!’-K)
48 DD 91 NFINAL=IPLUSI 4N

NYLEFT=APE=( [4NYRSUP)
!F(NCDTS.NF-I)thFFT:APF-(I-ANL(NCDYS'I))

TABLE 15. (Continued).
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137
138

139
140
141
142
143
144

145
146

147
148
149
150
151
152
153
14
155
156
157
158
156
160
161

162

93
92

151

IFENYLEFTeLE «CINYLEF T=77
‘MIN(IcNFIN‘l)=FIhFIN(lI#TFININ([PLUSI'NFINAL)’PACD(NCDYS,I)*SPDHF
F{IIFUSPWF(NYLEFT)

YVIN(I-NFINAL)=|‘MIN(]oNF(NAL)-SALNET

CCNTINLE

KNCDYS=NTDTS+

IF(KNCCTSCEC6)CC TC 72

SRITE(E+160)KNCD TS ,NCD TS

FCRMAT(?1¢,%C0ST FIGURES FOR THE BFST *.12,°' CONDUCTOR CONBINATION
* KITH ¢,12,* FEPLICENFNTS'/'-'.'T’ELE INDICATES # OF YEARS IN THE
*F IRST PERIOD.THE YEAR OF REPLACEWMENT */® ¢,eanD THE CONCUCTOR Yo B
*E USED FROM THEN UF TQ THE LAST YEAR.*) B
WRITE(E,150)

FORMAT{®O%4*YEARS IN 1 PERIOD RPLMENT YEAR LAST YR CDT# ACSR(M
*CMY TCTAL CCST pwe)

DO 92 NF INAL=KNCDTS,N

I=NCDTS

TIMINANFINAL)=TNINCLLAFINAL)

NAL{KNCDTS.NFINAL)=1T

IFLUS1I=T#1

NC{KNCDTSsNFINAL ) =NN(TPLUSL s NFINALY

MFINAL=NFINAL=1

DC S3 I=ACCTS ,MFIMAL

IFC TMING IoNFINAL) «GE.TTMIN(NFINAL)) GC TO 93

TIMINCAF INALISTNINCT ,NFINAL)

NRLIKNCDTS NFINALY=T

IFLUS1I=T141

NCIKANCDTSESNFINAL)=ANCIFLUSE 3 NFINAL )

CONT INUE

WRITE(641S51 IANL{KNCDTS, NF lNAL).lF‘LUStcNFINAL.NC(KNCDTS;NFINAL).CUN
*OUC(NC(KNCDTS.NF[hALl).TYNI'\(NF]NAL]

FORMAT( Xl 21X I 245Xl 26X 12,4X,FT02:3XF12,2)

TABLE 15. (Continued.)
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163
164
165
1€6

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
134

1€8
186
187

188
186

122

190

132

131
140

161
71

162
72

73

DG 122 NFINAL=KNCDTS,N
PACD!KNCDTS.NF!NAL):PACCRF(NN(NKL(KKCDYS'NF[hAL)*l.NFIN‘L]‘NFINALU
WRITE(64,190)KNCLTS.NCDTS

FORMAT(®1% 4 "CCMPARATT VE RESULTS FCR THF CASE STUDY OF *,[2,* CONDU
*CTAORS /%40 25" REPLACEMENTS® /%07, ¢ TABLE SHOWS FCONOMIC CHOICFE WiTH

*RESPECT TO FREVICUS CASE."/%=!, 10X, *NUMBER OF YEARS MOST ECONOM
*IC CASE TOTAL CCSTe /e *+17X+"CCNCUCTQR STUDY NUMBER®//)
NTPWMI=0

DO 140 NFINAL=KACCTS,A
TMINI=STTMINCNFINAL)

IFIFINMININFINAL) «GELTMINIIGE TO 111
NTPREMI=NTPWMI +1
‘NﬁlTE(E.I323NF[hAL.NCDTS-FINMIN(NFINAL!
FORMATL® ¢ o17X30241BX+12.F10,2)
FINMINI(NFINAL)=TMINT
IF{NTFWMI.EC.{N=KNCCTS+1)) GC TO 161

GC TO 140

FINMININFINAL)=TMINT
WFITE(6113IJNF!hAL.KNCDYS.FIA"IN(BFI%ALI
FORMAT(® Pal17X012418X%412,F1042)

CCNTIAUE

NCDTE=NCOTS+1

GC TG e9

WRITE(E.71)N

FORMAT{ =2 ,%1T IS NOT WORTH TQO ADD ANY MORE CCNCUCTCRS IN A tel2,0
*¥YEARS CR LESS?)

GC 7C 72

WRITE(E,72)1

FCRMAT (*e* o2 CURRENT AT YEAR *s12.° EXCEEDS CURRENT CARRYING CAPACI
*TY OF ALL CCACUCTCRS.')

sTCP

END

TABLE 15. (Continued).
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