A TECHNIQUE FOR ALLOCATING LOSSES IN LARGE

INTERCONNECTED ELECTRIC SYSTEMS

APPROVED:

Wediwl
az,/ W




A TECHNIQUE FOR ALLOCATING LOSSES IN LARGE

INTERCONNECTED ELECTRIC SYSTEMS

by

Eugene Gordon Preston, B.S.E.E.

THESIS
Presented to the Faculty of thes Graduate School of
The University of Texas at Austin
in Partial Fulfillment
of the Requirements

for the Degree of

MASTER OF SCIENCE IN ENGINEERING

THE UNIVERSITY OF TEXAS AT AUSTIN

December, 1979



Acknowledgement

The author expresses his thanks to his advisors,
Dr. W. C. Duesterhoeft, Jr. and Dr. H. H. Woodson, for their
encouragement and help. The author is also indebted to the
City of Austin Electric Department and the Power Interchange
Effects Task Force of the Texas Interconnected System for
providing the problem, the data, and the favorable environment
needed to develop the thesis. Professional Engineers whose
suggestions improved the course of the thesis development were
Mr. E. C. Rummel and Mr. W. D. Echols of the City of Austin
Electric Department, Mr. Walter Reid of the Lower Colorado

River Authority, and Mr. Larry Groce of the Dallas Power and

Light Company.




Abstract

A method of determining the distribution of
power flows through an electric power system and the
loss of power in each circuit for any single transaction
occurring simultaneously with a multitude of other
transactions is presented in this thesis. An important
accounting criteria met by the technique of this paper
is that the sum of all +transaction flows and losses

produces precisely the same flows and losses as a load

flow solution.
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Chapter I

Introduction

The electric utilities are presently dissatisfied
with the way losses are being assigned to individual power
transactions when those transactions cause displacements of
power remote from the contracting utilities [57]*. These
displacements are a result of the recent necessity of pool-
ing the energy production of interconnected utilities [2, &,
6, 7, 8, 9, 10]. This paper presents a solution to the prob-
lem of identifying the transmission flows and losses occur-
ring in the network. The technigue produces a unique answer
for each transaction.

The solution technique begins with a solved load
flow base case to establish the voltage profile of the net-
work. A special matrix equation is built and solved for each
transaction. For any one transaction, the transmission cir-
cuit powers are found to determine the loss in each circuit.
As in the load flow, bus powers are balanced, and network
flows are identified. The sum of losses and flows for all
transactions will precisely agree with thz load flow.

The method is straightforward and works well on
large networks. Examples utilizing a 1178 bus system and a

16 bus system are included in the Appendix.

*¥For numbered references see Bibliography on page 90



Chapter II

Current Electric Utility Practices

The topic addressed by this thesis is identification
of the sources of losses that occur in an electric power
transmission network. However, a discussion of the physical
facilities and historical evclution of most utilities is
appropriate before delving into the mathematics of the tech-
nique.

The physical system of an average utility consists
of generation, transmission, and local distribution facili-
ties. The transmission network is usually arranged so that
any one circuit can be opened without affecting the generation
from any plant or service to any distribution substation. An
important point here is that multiple paths exist for the
power to flow from a power plant to any substation. If these
multiple paths did not exist, the analysis presented in this
thesis would be greatly simplified, and the problem would
probably have been solved long ago.

The continuous task of the production or generation
division within a utility is to increase or decrease the level
of powér output of the plants that are on line to satisfy
three power requirements. Customer load within a utility's

service area, losses on circuits within the area, and sales

or purchases to other utilities must all sum to the power




production or generation level.

Of the three factors needed to determine generation,
only the power flowing through transmission circuits that tie
to other utilities is known. The power production dispatcher
adjusts the generation power until the sum of power through
all tie circuits equals the desired interchange power. The
load and losses are automatically met without knowledge of
their exact magnitude. All these quantities are constantly
changing with time, so the generation must also be constantly
adjusted.

A utility uses generation power from its own plants
to cover losses within its metered or control area. Until
recently, the losses were usually the result of the utility's
own generation and loads since most utilities had located
their power plants close to their loads. In this case, very
little circulating power appeared in the utility's neighboring
transmission systems. Transmission ties between utilities
were allowed to "float" and were designed to increase the
reliability of each area in case local generation had a forced
outage [1]. 1In recent years, the development of a national
grid [10] for the purpose of wheeling economic energy over
greater distances [3] has resulted in transactions between
utilities that have significantly altered the power flows
on transmission circuits on a local level [6]. These flows
will thereby impact the local generation requirement in each

utility by altering the losses within the control area.
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The losses accounted for by a utility may not be directly
related to its own operation.

If these losses were easy to identify, then an
equitable compensation agreement would probably be in effect
today for all affected parties. Currently, two methods are
being utilized to compensate for losses. The "Contract
Path" method has the buying and selling utilities find a path
of connected utilities that will agree to wheel the power for
the two parties. Each intermediate utility has some charge
for the service [10]. Various paths are reviewed to find the
one with the lowest overall wheeling cost. The problem with
this technique is that the contract flows through the network
do not align very well with the electrical flows. Load flow
solutions modeling the transaction usually show that all the
utilities in the network are affected to some degree. The
Contract Path method allows some utilities to charge for a
service that is only partially provided while other utilities
receive no compensation at all.

Another more sophisticated method utilized by some
power pools for compensation among the members of the pool
involves the analytical determination of incremental losses
for each utility for each transaction [1, 2, 4, 6, 8]. Since
the nonlinearity of the losses 1is recognized, the transac-
tions must be handled in the reverse order of occurrence.
This procedure can produce an embarrassingly large increase

in loss for a transaction if the order of occurrence moves it
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from last on the list one day to first on the list the next
day. If the order were based on some other criteria than
"first come first serve", then some utilities would feel
cheated by the technique that allowed some to take advantage
of the peculiarity of the calculation procedure. Recognition
of the nonlinearity in the calculation of losses therefore
does not guarantee the success of a technique.

A technique not requiring ordering of transactions
will be developed in the next two chapters. It will produce
a unique solution for each transaction for a given load flow.
Certain important scientific and accounting conditions will
be satisfied that have been overlooked in other papers. The
technique will have no more difficulty of implementation than

a load flow model.
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Chapter IIT

The Solution Requirements

The loss evaluation technique described in this
thesis will begin by using as a basis for describing the
network what is known in the electric utility industry as
a "load flow". The load flow will be used to define one of
the boundary conditions of our problem. The load flow will
be assumed to be the best estimate available for the descrip-
tion of the state of the transmission system. In a real time
application the load flow would need to be frequently updat-
ed. From the load flow, the total loss and power flow for
each circuit is obtained.

The objective is to break the losses down so they
can be identified circuit by circuit for each transaction.
The load flow models the total network nicely but produces
unsatisfactory incremental losses if transactions are solved
as separate load flow cases and then compared. The solution
of all transactions by this load flow comparison technique
will produce loss sums that are grossly different from a load
flow solution modeling them all simultaneously. Therefore
the new technique must, as its first and most important char-
acteristic, have the loss components and power flows identi-
fied in a manner such that the sum of all transactions will

give the base case load flow quantities.

12
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Another important requirement that is easily over-
looked but is significant is the balance of power at each bus
for each transaction. The sum of powers into a2 bus must be
zero, and the sum of power into each end of a circuit must be
the circuit loss. This law of physics is met in the load
flow solution and should be met for transaction flows also.
If a transaction is defined as a subset of generation and load
within the network, then the total transaction generation
power must equal the sum of transaction loads and losses.
Since the loss a transaction causes is unknown before the
problem is solved, an iterative procedure will be required
to adjust either the transaction load or generation to obtain
the power balance.

A third feature that is not a strict requirement
but only a desirable result is to have the distribution of
power through the network for a given transaction be in good
agreement with a comparison of two load flow solutions, one
solution being the base case and the other having the trans-
action removed from the base case. Since the locad flow is
nonlinear, precisely the same distribution should not be
expected. The objective here will be to minimize the dif-
ference. The 16 bus example in the Appendix includes the

distributions using both the load flow comparison and the

method developed in this thesis.




Chapter IV

Formulation of Analytical Tools

The requirements on the preceding pages must now be
formally met using the precise terminology of mathematics.

The first requirement stated that the sum of losses would

with a linear set of equations. The most desirable form is

shown below by equation 1.

[P] = [wILV] (1)

agree with the load flow. The summation property can be met
|

The column vector of bus powers equals some unkhnown square
matrix [W] times the column vector of bus voltages. Matrix
[W] is defined so that insertion of the base case lcad flow
bus voltages will yield the load flow bus powers. Any other
set of [P] representing a transaction could be used to find

a set of [V]. From these voltages, the circuit currents,
powers, and losses could somehow be determined. If the form
shown in equation 1 is not used to meet the summation proper-
ty, then the analysis is severly complicated. This paper
will proceed with the linear form of equation 1 since it is
considered by the author as being the most productive path

to follow at the present time in the development of the other
equations needed to allocate the losses associated with wheel-
ing energy. Nonlinear forms are beyond the scope of this

thesis.

14
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Now the losses for any single circuit must be
formulated. Let the current from transaction 1 be Il’ from
transaction 2 be I2, etc. until all components of current in
the one subject transmission line are identified. Equation 2
shows that the sum of all transaction currents for the circuit

is the same as the base case current Iye

I, = Il+IZ+I3+... (2)
The real power base case loss for the circult is:

Pl = Re(2IpIp*) = IpIp*Re(Z) (3)

Z is the circuit impedance.

Substituting equation 2 into 3 will expand and
identify the loss each transaction current contributes toward

the total circuit loss as shown in equation 4.

th Il*+I L o P P

2 2lx*+I515

s O 20 O O i PR
371 7372 7373

e +...))Re(2Z)

The complex nature of separating the loss compo-
nents can be seen in equation 4 since inner product terms
exist between each current. The scheme utilized in this
thesis defines the loss assigned to transaction current Ij

as the real part of the sum of terms in the first row, the
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loss due to I2 as the second row, and so on for each current.
Cross terms such as Iq1Io* and IpIq* produce real power loss
components of equal value that are equally shared between the
two transactions. Using this definition results in ah inter-

' esting simplification of equation 4.

Factoring out the first current term from each row
shows that each transaction current is effectively multiplied
times the conjugate of the base case current as shown in

equation 5.

Prp = Re (I (Iq*+Ip%+Ig¥%+...)
+Ip (I3 *+Ip*+I3%+...)
+I3(T ¥+ Io*+I3%+...)
* il s ) )Re (Z)

or

1l

PLb = Re(I1Ip*+IpIp*+I5Ip*+...)Re(2) (5)

The application of the Re expressions as they appear
in equation 5 is important for accounting and conceptual rea-
sons. A single Re could have been performed on the entire
expression since Re(IpIp*Z) and IpIn*Re(Z) will produce the
same real number. IpIp* is always a real number and can be
factored out of the Re argument without changing the answer.

A transaction loss caused by current I{ could be calculated
either as Re(I1Ip*Z) or as Re(I1Ip*)Re(Z). These two equa-
tions do not produce the same result because I1Ip* will usu-

ally be a complex number. If this complex quantity is




1%
multiplied times the complex number Z, the reactive part of
the impedance will contribute toward the transaction current
real power loss. This contribution is unrealistic since the
circuit loss in the real world is caused only by the circuit
resistance. If R is the circuit resistance and is obtained
by Re(Z), then the logical definition of transaction loss for
transaction current I is,RRe(Illb*). This form is the same
as equation 5.

Figure 1 shows conceptually how several complex
transaction currents contribute toward the base case current.
The transaction losses are assigned in proportion to the
projection of each transaction current with respect to the

base case current.

Fig. 1.--Transactiocn currents in a circuit

Equation 5 can be interpreted in a slightly differ-
ent form to give more physical meaning to the definition

selected to simplify equation 4. The term Re(Z)(Iy*) is the
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portion of the voltage drop across the circuit that relates
to the loss of real power. When a current I4 is forced
through this potential difference, real power is lost or
gained depending on the direction of the current and the
voltage difference. If the load flow base case potentials
are viewed as a topographic map, then the losses due to
transaction currents are found by calculating the work re-
quired to force these currents through the network profile.
Although this profile is a function of the simultaneous com-
bination of all transactions, its shape is frozen

for the purpose of identifying the losses.

Equation 5 allows the loss of each transaction to
be identified uniquely for the circuit if each of the trans-
action currents Iy, Ip, I3, etce, are known. Equation 1
must oe designed with a [W] matrix that will produce cur-
rents consistent with the losses of equation 5.

This connection between equations 1 and 5 is found
through the use of the second requirement that the bus real
and imaginary powers must be balanced (sum to zero) at each
bus. Describing the equation in words, the transaction power
from generation into the bus must equal the power to the load
plus the power flowing away from the bus on the circuits.
The magnitude of these powers will be different for the
transaction than what has been displayed by the load flow
solution. Figure 2 and equation 6 illustrate the bus power
balance. The reactive power from load and generation is set

to zero for the transaction although it may be nonzero in
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the base case load flow solutione.

Fig. 2.--A three bus example

~ _bus 2 bus 4
SRR i 0 B
P,+J0 P),+ 30
£ i Pag kel Fup| |Fuz %
Fi3z ' 1}3@
bus 3
: -
P+ 30

Summing the powers around bus 3:

P+j0 = F

3 + F

32 30 (6)

Equation 6 is close to the desired form of equa-
tion 1. The circuit flows in equation 6 must be written in
a manner consistent with equation 5. Since equation 5 is in
terms of currents and equation 1 in terms of voltages, a con-
version of equation 5 is performed to get it into the desired
voltage form as shown in equation 7. Equation 7 is written
in a form applicable to any of the three circuits shown in
figure 2. Base case values have an additional b subscript.
PL is a circuit loss, subscripts f and t mean from and to
buses respectively, and the transaction current in the cir-

cuit is I. The base case current is I,. The real part of

the circuit Z is shown as R.
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P, = Re(I I *)R

1]

Re (I I I,*/Iy)R

Re(1/Iy) Pryp
where PLb is the base case loss of the circuit
Py = Re((Vf—Vt)/(Vfb-th))(Ffb+Ftb) (7)

To clarify the meaning of equation 7, equation 8 is shown
below in the same form as 7 with the nomenclature used in
figure 2. Equation 8 is written for the circuit from bus

3 to bus 2. Again,the subscript b means a base case load

flow quantity and is not a function of the transaction.

P32 = Re((V3—V2)/(V3b‘vgb))(F32b+F23b) (8)

Equation 8 shows the loss in the circuit from bus
3 to bus 2 for the transaction but does not indicate what
the transaction flows F23 and F32 are., If the loss of the
circuit in the base case 1is described by equation 9, then
the same relation must be true for the transaction powers
as shown by equation 10. Then observing that equation &
contains the proper terms to relate the base case flows to
the transaction flows and still be consistent with all the
equations that have been developed up to this point, equa-
tion 11 can be written by observation. Equation 11 is very
close to the desired power and voltage relationship of

equation 1.
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1320 = F32p * Fa3v o
Fgp = Re ((V3-V5)/(V3p-Vop)) Fapy ey

The form of equation 11 can be applied to the
other circuit connected to bus 3 to find the transaction
flow FB”' Combining these two flows will show in detailed
form the expansion of equation 6. This equation is shown

below in equation 12,

P3+j0 = Re((VB—VZ)/(VBb—VZb)) F321 (12)

+Re((V3—V4)/(V3b—V4b)) Faub

At first glance equation 12 looks like the desir-
ed link between equations 1 and 5. However, inserting val-
ues for all quantities except V3 will reveal that an infinite
number of solutions still exist for the value of V3n In
order for equation 12 to be of any use, the Re expression
must be dropped. This means that reactive flows will exist,
but will sum to zero to meet the requirement of JO shown on
the left hand side of the equation. Equation 13 is the magic
power balance equation needed in the [W] matrix., It is lin-

ear in terms of power and voltage.

P3+j0 = ((VB—Vz)/(ij‘VZb)) F32b (13)

+((V3_vu)/(V3b—V4b)) F3ub
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Repeating equation 13 for buses 2 and 4, collecting
the voltage terms, and writing the three equations in matrix
notation completes the derivation of [W] in equation 1. This
expansion of equation 1 for the circuit in figure 2 is shown

below in equation 14,

P+ 3O 3 Fosb s+ 24D ~F231 Foup | v,
Vor~V3p Vo~ Vip VopVs3y Vor Vip

P+ 30| “F320 Fi2b 4+ Faup “Faup vyl 1)

3 V3p~V2p V3 =V2b V3 Vub V30~ Visp

P+ 30 ~Fi20 “Fi3p Fuob + T43b V),

e o Nt s iy V3 Vap Vb VanVipll

One more item concerning equation 14 needs address-
ing. The matrix will be singular if all the voltages are
left as variables. To circumvent this problem, one of the
buses must have its voltage specified as a constant. The
author has chosen to use the network swing bus and its volt-
age as the reference in equation 14. If the power array is
entered as all zeroes, the network will have the voltage mag-
nitude and angle of the system swing bus at every bus in the
network. If the bus powers of the base case are entered and
equation 14 is solved, the base case voltages will result.
Any other set of P vectors will yield a set of V vectors that
can be used with equation 11 to find the distribution of
power flows in the network.

A balance between the generation power sources and

the load power sinks must be obtained to prevent the reference

bus from having a P different from the desired value. The
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load or generation at one bus or several buses must be adjust-
ed to achieve the desired results. An iterative procedure

can be used to find the proper load, generation, and loss to
meet the power balance requirement for the network. Since

the losses are considerably smaller than the load or genera-
tion in a reasonable electric power system, the iterative
procedure will converge very quickly. Two or three iterations
are typical for any size of network.

Once the V vector has been found for a given P vec-
tor, the power flows everywhere in the network and losses of
each circuit can be found easily. The losses occurring with-
in each metered area are obtained simply by summing individual
circuit losses within each area. Power flows at ties or util-
ity interconnection points are easily determined. |

The flows and losses of any twc transactions can be
combined and solved as one transaction. The sums of the re-
sults of any combination of transactions produces valid flow
and loss answers. The reason these linear processes are pos-—
sible is because the voltage profile of the network has been
frozen allowing linear equations to describe the currents
necessary to deliver the power from the generation sources
to load sinks. The solution is similiar to the familiar short
circuit calculations used by the electric utility industry.

The main difference here is the objective of power matching

for each bus, circuit, and entire network.
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The initial computer runs during the early develop-
ment of this thesis indicated the need for an autotransformer
model. The relatively large voltage difference between the
high and low side of the transformers were producing terms in
the matrix that were not related to power. The voltage dif-
ference made the autotransformers appear to have a very high
impedance to the flow of power in almost all cases except the
base case. Figure 3 below shows the physical and equiva-

lent models of the autotransformer.

Fig. 3.--Autotransformer model

v
1 Vel
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The Y4 term is not the impedance of the trans-
former, but rather the term that would be entered into the
[W] matrix if the tap setting a, is unity. For reasons of
simplification, the autotransformer will be considered as
lossless and have no phase shifting capability. A com-
plex circulating power Se is introduced to allow the pi
equivalent to have Ve and VJG be greatly different in volt-
age magnitude. The terms Yy, Y,, and Y3 are derived in
equations 15 through 18 in a form that can be directly in-
serted into [W]. Equation 15 is written by inspection using

equation 14 as a guide.

Y, = o = FPep + S (15)

Lo R T e

then solving for the circulating power

Vv Vv
8. = P.i fb - "tb -1) (16)
c o'y
oo v
a tb

then the Y2 and. Y3 elements are:

YZ = —SC/Vfb (17)

The shunt elements Y, and Y, are added only to the

3

diagonal of [W]. Element Y, is entered like any other circuit

into [W] although its value is calculated from equation 15.

This model of the autotransformer has solved one problem and
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created a set of new ones,

Implementation of the model as shown by equations
15 through 18 will result in a moderately small power mismatch
at the unregulated or "from" bus shown in figure 3. for trans-
actions other than the base case. This problem can be cor-

rected by modifying equation 18 as shown below in equation 19.
Y3 = (S¢/Vep) (Ve/Vy) (19)

Now the shunt element Y3 is a function of the trans-
action rather than being a constant. Test cases run by the
author have shown that the linearity property of summing
transaction solutions to preduce other valid transactions no
longer holds true if equation 19 is used.

Another problem with the autotransformer model is
the injection of complex power into the network and its ef-
fect on the distribution of real power flows in the network.
The inclusion of reactive powers in [P] will require addi-
tional analytical work to guarantee meaningful results.

With these weaknesses in mind, the author has elect-
ed to incorporate the autotransformer model into the large
network program, and accept for the present time the small
mismatch using equation 18. The 1178 bus example in the ap-
pendix uses this model. The 16 bus example treats the two
autotransformers as ordinary circuits to demonstrate the

other properties of bus power matching and linearity of trans-

action solutions more clearly.




Chapter V

Conclusions

An algorithm has been developed in this thesis
that allows utilities operating in a pool environment to
separate the power flows and losses each is causing in the
network. The need for this accounting procedure was out-
lined in chapter II. The desired characteristics sought
were described in chapter III, and the technique was devel-
oped in chapter IV. This linear approach is easy to imple-
ment in a computer program but is probably more difficult
to set up in a real time environment. Since a certain
degree of arbitrariness is allowed in setting up a problem
and solution of the sort in this thesis, the author recom-
mends the following work be continued on this topic.

1. Develop better models for the autotransformer and
phase shifting transformer.

2. Exploit the reactive power into each bus for the objec-
tive of obtaining flow distributions that are closer to
those obtained by running load flow cases with and with-
out the transaction.

3. Develop a nonlinear loss assignment for each circuit
that is more compatible. with utility desires, or show
that nonlinear allocations cannot meet all the power
criteria described in chapter IITI.

4. Develop a power matrix equivalent that would allow the

losses between pools to be calculated.

27




Appendix A

Definitions and Symbols

a - A real number representing the per unit tap setting of
an autotransformer.

Contract Path - An agreement with several electrically inter-
connected utilities for the purpose of handling the
accounting of wheeling power.

Fep - A real number base case power flow into a circuit on
the "from" end.

Fip - A real number base case power flow into a circuit on
the "to" end.

F32 - The real number transaction power flow from bus 3 to
bus 2 and measured at bus 3. Other circuit flows
are subscripted according to the bus numbers used
in the network.

F32b - The basge case value of F32.

I, - A complex number base case circuit current. Only the
series impedance and bus voltages are used to find
this quantity.

Ip* - The complex conjugate of Iy.

I - A complex number current in the circuit for transaction
1. Other transaction currents are similiarly sub-
scripted.

Load Flow - A solution to the nonlinear set of equations de-
scribing an electric power transmission network.

[P] - A column vector of real number bus powers representing
a transaction.

Prp - A real number base case power flow into an autotrans-
former on the adjustable tap side.

Pr, - A real number transaction case circuit power loss.

Pib - A real number base case circuit power loss.
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Pooling - The centralized planning and control of a group of
locally interconnected utilities for the purpose of
increasing the reliability and reducing the cost of

power production and transmission expenses to the
members.

P3 - A real number representing a transaction power into bus
3. Other bus powers are subscripted similiarly
in accordance with the numbering scheme used in the
base case load flow. The set of all bus powers for
a transaction is the [P] vector.

R - The real number part of the complex number Z.

Sc - A constant complex number circulating power in the auto-
transformer model,

Transaction - In this thesis, a set of bus powers that alge-
braically sum to the portion of network loss caused
by the circuit flows those bus powers create.

For the electric utility industry, a contracted
interchange power metered on the tie circuits be-
tween connected utilities.

[V] - A column vector of complex number bus voltages for a
transaction.

Ve - A complex number transaction voltage at the "from" bus
end of a circuit.

Vsp - The base case version of Vfo

Vi - A complex number transaction voltage at the "to" bus
end of a circuit.

th - The base case version of Vi

[W] - A sparse nonsymmetrical square matrix of complex
numbers developed in chapter IV.

Wheeling - The exXchange of power between utilities for mutual
benefit. The term is used more frequently for ex-
change power between pools and within interconnected
systems not yet matured to a pool coordination sta-
tus. The power will be in effect for a period of
time making it an energy contract also.

Y4 - A constant complex number series circuit element for an
autotransformer that is put into the [W] matrix.
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Y, - A constant complex number shunt circuit element for an
autotransformer model that is added to the diagonal
of [W] on the row representing the variable tap side
of the autotransformer.

Y3 - A variable complex number shunt circuit element for an
autotransformer that is added to the diagonal of
[W] on the row representing the opposite side of
the autotransformer from the variable tap side.

Z - A complex number circuit series impedance.




Appendix B

Large Network Example

The 1178 bus example has resulted from work per-
formed for the Power Interchange Effects Task Force of the
Texas Interconnected System Planning Subcommittee. Tables
B-1 and B-2 have been prepared to summarize the results of
the study since the data base and computer program source
code are too lengthy to include in this thesis. A map of
the Texas Interconnected System is shown in figure B-1.

Table B-1 shows 14 transactions (one rer line)
and the loss in megawatts caused in each of the 12 control
areas for each transaction. The generation sources are from
jointly owned plants and the loads are scaled within the
receiving area for each transaction from those appearing in
the load flow base case.

Two loss impacts are of large enough magnitude to
warrant relief to those utilities carrying the additional
loss. The DPL and TESC lignite generation cause consider-
able loss in the TPL area, and the COA portion of power from
the Fayette plant causes loss within the LCRA area. 1In both
of these cases the joint generation projects are remote from

the areas receiving the power.

32
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SUKMARY OF MW LOSS CAUSED BY TRANSACTION POMER FLOWS FOR THE 1981 SIBINER FEAK

GEKERATION DESCRIPTION LOAD TPL DPL TESC KLP CPS WTU LCRA CPL COA THPP STEC MIC TOTAL

...................... memme  memre cmee chee mem. cmeme EmmE me—= mm—— m - mEm—— - ———— w5 ———

33L.4 MN-TPL LICGRITE  TPL 447 3.9 4.8 8.1 6.1 -6.2 8.5-8.5 6.1 1.8 8.1 8. 54.4
3b8.5 MA-COMMANCHE PEAK TPL 1.2 -6.2 2.2 6. 6. -6.1 8. -6.1 6. 6.1 8. 8. 3.1
1856.9 MA-DPL LICHITE  DPL  23.3 9.2 2.9 8.2 8.1 6.3 8.1 8.5 -6.1 8.6 6.2 8. 37.2
Z31.4 M4-COMMANCHE PEAK DPL 2.5 1.6 1.5 8. 4. 6.1 6. 6.1 6. 6.1 8. 6. 5.8
1678.9 MW4-TESCO LIGNITE TESC 38.7 4.2 18.2 -8.1 8.4 3.5 1.1 2.2 8. 1.3 6.2 8. &9.8
368.5 MH-COMMANCHE PEAK TESC 3.6 6.1 5.3 8. 6.1 6.7 6.2 8.4 #. €.2 6. 6. 13.1
383.6 MH-S TEX PROJ HLP -8.6 8. 8. 3.1 6.4 9.1 6.4 8.7 6.2 -6.2 6. 6. 4.8
358.6 HW-5 TEX PROJ CPS 6.7 8. 6.1 8.6 3.2 -6.2 8.6 6.7 8.7 6.2 8.3 6. 7.8
315.9 HH-5 TEX PROJ L 3.5 8. 8. 8.4 1.5-6.1 6.310.6 6.4 6.2 6.4 -8.1 14.9
768.8 M8-5 TEY PROJ A 1.1 8. 8. 6.6 1.2 6.1 3.2 8.5 2.5 6.2-6.1 6. 9.1
393.7 MH-FAYETTE oA 2.7 6.1 8. 8.2 1.1 -8.412.2 8.3 7.5 6.2 8. 8. 123.9

288.7 Md-SAN HICUEL PP 3.2 8. 8. 6.7 -6.3 8.4 1.1 6.4 5. 2.8 5.1 8.8

(2]
-

188.2 Mu-COMMANCHE PEAK THPF 1.2 -6.1 6.5 6. 6. 8. 8. 4. #. 1.2 8. 8. 3.4

Z88.7 WH-5AH HIGUEL STEC 8. 8. 8. 8. -8.2 8. -8.1-1.2-8.1 6. 5.4 6.6 4.4

Table B-1
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Table B-2 shows the total generation of each util-
ity as a transaction for all areas eXcept MIG. It was omit-
ted since no load appeared within the area in the base case
load flow. The bottom line shows the base case load flow
solution loss within each area.

Notice that the sum of all transaction losses of a
column doesn't sum precisely to the base case loss of an area.
This is due to the manner in which the loads were adjusted to
obtain a power balance for each transaction. If the loads
had been held constant and the generation adjusted, the same
problem would have occurred. Comparing the right hand column
with the bottom rcw of table B-2 shows that an adjustment
should be made to the net interchange of each area in the
base case load flow to compensate for the losses incurred
by the simultaneous set of transactions. Resolving the load
flow with this adjustment and performing the interchange
adjustment in the real world at the same time will satisfy
the accounting criteria and will allow the sum of all trans-
action losses to agree with <+he load flow base case. If the
losses are calculated at a later time rather than in real
time, this problem will be a continuous headache of the
accounting personnel. The small error will probably be
spread among all the utilities by some arbitrary agreement.
The best operating environment would be the continuous com-

pensation for losses in real time by making small interchange

ad justments.
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TOTAL M§ LOSS CAUSED BY THE OPERATION OF ALL LOAD AND GENERATION IN EACH AREA

GERERATION DESCRIPTION LOAD TPL DPL TESC HLP CPS WTU LCRA CPL COA THPP STEC WIC TOTAL

6637.5 HH-ALL TPL TRL 958 4.8 11.9 8.6 6.3 1.2 1.9 6.7 8.1 4.3 9.3 6. 126.8
I918.3 Hé-ALL DPL BPL 27.8 71,7 4.1 6.2 8.1 6.4 9. 6.4 8. 0.6 8.2 §. 544

4513.4 MU-ALL TESCO TESC 43.5 4.543.8 6. 8.4 4.1 1.2 2.2 8. 1.5 6.2 6. 181.5

112214 MH-ALL HLP WP -6.7 8.7 -8.2184.8 8.6 -8.1 6.4 1.4 8.2 -6.2 -§.1 6. 185.3
Z365.1 Mi-ALL CPS CPS 6.8 8.1 -8.1 857211 -6.2 8.8 1.3 6.7 8.2 8.3 8. 25.5
948.9 MA-ALL WT: Wiy -8 6. 1.7 6.1 8.2 Z6.6 1.4 6.6 6.1 -8.2 6. 4. 28.9
1268.46 Ha-ALL LCRA LCRa 8.6 8.1 8. 8. 1.4-8.321.1 8.2 1.7 6.1 -8.2 8. 74.7
Z732.1 MH-ALL CRL CPL 6.8 £.2-8.2 6.4 2.2 -8.2 6.8 ¢9.2 6.4 8.2 2.7 8. 764
928.1 Md-ALL COA CoA 3.8 8.1 -8.1 6.8 2.3-6.515.8 6.8 18.9 6.5 -6.1 4. 34.3
1324.1 HY-ALL THPP TEE 165 8.2 6.4 -85 -8.3 6.9 1.8 1.1 8.3724.3 6.7 8.8 15.9

318.3 HW-ALL STECMEC  STEC 6. 6. 6. 6. -8.4 6. -6.1-1.3-6.1 4. 2.2 8.6 6.9

3I251.9 HE-TIS BASE CASE 189.7 51.4 £8.3187.3 27.7 32.2 45.7 77.4 13.4 32.9 9.8 1.5 629.7

Table B-2
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Appendix C

Small Network Example

The 16 bus network shown in figure C-1 has been
designed to test the losses allocation technique under ad-
verse conditions. The network has large reactive flows,
lossy circuits, and large voltage gradients. The computer
program listing in appendix D was used to prepare all the
reports shown in appendix C. The input data and base case
load flow solution are shown in tables C-1 and C-2.

The three transaction cases shown in tables Cc-4,
C-5, and C-6 can be summed to verify they produce the base
case flows and losses shown in table C¢-3. Tables C-7, C-8,
and C-9 are load flow solutions modeling the transactions

shown in tables C-4, C-5, and C-6 respectively.
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Input Data for 16 Bus Example

100 LINE FROM TO R X  RATE AUTO
110 NAME BUS BUS PCT PCT MVA ID TAP

120 smie ~ent GRRESSEREL- . il aoens AR EIlI

160 809 NL KL 2.50 13,05 120 0
170 810 NL MP 11.70 32,15 70 0
180 811 KL MC69 7,15 36,80 120 0
190 812 MP MC69 5,40 28,50 120 0
200 Bl14 F MC69 3,15 16,90 120 0
210 B16 F WL 4,70 25,45 120 0
220 818 KB69 WL 3.80 22.50 120 0
270 825 HP KB69 1,75 13,75 240 0
280 826 HP N 3,35 20.10 240 0
290 827 N KL 1.80 10,90 240 0
320 831 HP P 1.65 12.30 240 0
330 866 WA NL 2,45 14,00 120 0
340 862 P WA 3.25 23,70 120 0
360 904 MC38 SK 0,90 7.70 480 0
370 902 SK DP 0.75 6,60 480 ¢
400 910 DP WC 0,55 5,00 460 0
460 911 KB38 WC 0.40 23.65 480 0
510 MCTF MCe69 MC38 0, 4,60 220, 1 1,050
520 KBTF KB69 KB38 0, 4,26 220. 1 0,990
590
600 BUS LOAD
610 NAME My MVAR 1D
620 womae mmmwe cecas ==
630 P 94,4 19,0 10
640 HP 32,8 4,8 10
650 DP 11,1 «8 10
660 MC38 39,2 .4 00
670 MC69 0.1 0.0 00
690 KB38 24,3 2.2 00
720 KL 43,6 2.3 00
730 NL 42,0 3.2 00
750 N 33.7 .9 00
770 WL 36,7 1.6 00
790 MP 28.5 1.3 00
810 F 18,4 .7 00
520 SK 10,8 2.8 00
840 KB69 0.1 0.0 00
890 WA 16,8 <4 00
900 WC 15.1 3.6 00

Table C-1



COMMAND NUMBER

HP

Kb3%

Kb6e9

KL

MC38

MCe9

b

Base Case Load Flow Output

? 4
~-=HBUS DATAmwmecm=X-
TO
VOLT 0,921 =6.1 SK
GEN 200, 50 wC
LOAD 17. 23
VOLT 0.861 =23.0 MChO
GEN 0 Q. Wl
LOAD 29, a3
VOLT 1,030 0.0 KB6&69
GEN 428, 225, N
LOAD 53 Ils &
GEN 04 0. K869
LOAD 38, S
VCLT 0,934 -7.5 Wl
GEMN 0 0. HP
LOAD 0. e KR3R
VOLT 0,847 =24,.4 NL
GEN 0o (2 38 MCAQ
LOAD 68, 5 N
VOLT 0,R37 =19.5 SK
GEN 0 0. MCAQ
LOAD &l. )
VOLT 0,f69 =21.7 KL
GEN (3 0. MP
LOAL 0. n. F
MC3R
VOLT 0,823 =2G,4& NL
GEN 0. e MC&Q
LOAD 45 3,
VOLT 0,.R82 =17.4 HP
SEN 0. 0 KL
LOAD 83, 2

902
910

81
816

825
26
831

911

KBTF

818
875
KBTF

809
&11
827

S04
MCTF

811
812
814
MCTF

810

812

826
827

Table C-2

LINE FLOWS—memmmacaaaa X
MW MVAR PCT AUTO
140, 59, 34,
430 "'119 10.
-11. "?- 11.
"'18. 0. 17l
100. 65. 48,
148, T2 66,
129, TG, 6},
"'190 ?00 60
"190 -?5. 15.
78, ?l. T2,
-98, -47, a4,
19. 26, 16. 6.990
26. 5e 12l
"10- -3- 10-
'850 -Bo 42.
-119. =18. 30,
58. 18, 33,
10, 3, 10,
37 10, 36,
11. Caio i [ O
-Rﬂ- ‘lqa 31- 10050
"90 1 16.
-365 —“. 36,
"1390 -?10 66.
86, 19. 42.

Lo




NL

WA

W

Wi

VOLT 0.832
GEN 0.
LOAD 66,
VOLT 0,929
GeEN 100,
LOAD 143,
VOLT 0.873
GEN 0.
LOAD 1.l%
VOLT 0.854
GEN 0.
LOAD 26

VOLT 0,925
GEN fis
LLOAD 24,

VOLT 0,.RT}
GEM 0.
LOAD 576

COMMAND NUMKEPR

ENU OF JOB

-27a1 KL
0, ™P
I o W A
-8,8 HP
20, WA
43,
-12.4 MC3R
0. DP
6.
"2107 NL
O. p
Ie

0, KB38

“‘9.5 F
0, KRAQ
3

i
H

1

Table C-2

809
810
866

831
862

904
902

gee
R6?

S10
911

816
R18

-260
9.

-49,

-1260
78,

1P
~-138,

49,
-76.

-43,
19,

18,
-T6,

cont .

-4
-1.
-2

-50.
27.

34,
-41Q

0

172.
20,

1.
-4.

27
16,
49.

6l.
T4,

30.
34.

49,
T4,

10,

17,
72,

41




L2

Base (Case Condition
GENERATUOR NAME 7 ALL
SYS Mw MISMATCH AND Mw LOSS 2.8324830E+01 2.8324830E+01
SYS Mw MISMATCH AND Mw LOSS 0, 2.8324830E+01
MISMATCH AT EACH BUS
P ~0,0000
HP -0, N18BR
DP 0,0000
MC38 0.0000
(‘4(:(')9 '0.0000
K338 0,0000
KL -0,0000
NL -0,0000
N ~0.0000
Wi N.0000
MP ~No0000
F 0,0000
Kooy -0,0000
YA’A "0.0000
W ~0.0000
CIKCUIT FLOWS AND LOSSES
509 NL KL -26.2320 26,4867 0.2547
810 NL Mp 9.1098 -8,06884 0.1417
311 AL MC69 =10,1536 10,2638 0.1107
512 MpP MCES =35,6024 36,265 1.0241
B5le F MCeS -10,8019 16.8532 0.0514
816 F Wi -17.9738 18,1789 0.2051
Bl KB6S WL 76,4430 =75,5739 2.8691
B25 HP KB6S 100.0922 =97,7398 2.352%
H26  HP N 147.5401 -139,0289 B.5117
327 N KL £6,3256 =84,5190 1.8066
431 HP = 1279,39¢66 -125,88256 3.5141
¥ob WA NL 49,3980 =48.,5614 0.8366
YA WA 78.2507 =75,AT714 2.5793
904 MC3#& SK ~119,2047 121.0759 1.8712
90 SK DP ~137.9660 140.0032 2.0372
916 DP WC 42,6375 =42,5124 0.1251
911 Kr3& wC -18,8623 18.RG876 0.0353
MCTF MCeY MC38 «57,8999 57,8999 0.0000
KETF KB69 Khak 19,1404 =19,1404 0.0000

Table C-3
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DP Generation

GENERATOR NAME 7?7 DP

SYS Mw MISMATCH AND MW LLOSS 5.30452858E+00 5.3045858E+00
SYS MW MISMATCH AND MW |LOSS «2,7463311E-~01 5.0299526E+00
SYS Mw MISMATCH AND MW LOSS 1,4218450E~02 5.0441711E+00
SYS Mw MISMATCH AND MW LOSS «7,.3611736FE-04 5.0434350E+00
MISMATCH AT EACH BUS

P -N, 0000

HP 0.000T7

vP «0,0000

MC36 ~0.0000

MCe9 ~0,0000

KOd3& ~-0,0000

KL -0.0000

NL 0.0000

N ~-0.,0000

Wl 0,0000

MP N.0000

F C.0000

SK 0.0000

Kdby -0.0000

WA 0.0000

WC N.,0000

CIKCUIT FLOWS AND LOSSES

809  NL KL -10,3721 10,4728 0.1007
510 NL MP -13,2671 13.0615 -0.,2056
8L KL MCEG =27.6003 27,8999 0.2996
41z MP MCE9  =25,4T749 26,2077 0.73728
814 F MCeY -6,9909 T.0241 0.03372
816 F wl -1.0234 140351 G083 T
318  KRB69 wl 17.6662 <=17.0201 0.6451
325 HP KB69 =T6,1454 74,3558 -1.7896
826 HP N 17.5960 =16,5810 1.0151
327 N KL 1.9026 ~1.8628 0.03638
831 HP P 464 2623 43,0603 1.2021
BoE WA NL -5.4376G 5.3458 ~0,0921
3672 P WA 1.9436 -]1,R795 0.0641
204 MC38 SK ~T8,2491 79,4774 1.,2283
502 SK DP -84,1815 85,4245 1.2430
J10  OP WwC 109,7408 =-109,4188 0,3220
9yll KB38 w(C -102.6496 102.8419 0,1923
MCTF MC6S MCIE  «6]1,1753 61:1753 0.,0000
KdTr KHEY KB38 «92,0655 92.0655 -0,0000

Table C-4




HP Generation

GENERATOR NAME ? HP
SYS Mw MISMATCH AND Mw LOSS 2.2174583E+01
SYS Mw MISMATCH AND MW LOSS -1,1480398BE+00
SYS MW MISMATCH AND MW LOSS 5,9437275E~02
SYS Mw MISMATCH AND MW LOSS =3,0770302E-03
SYS Mw MISMATCH AND MW LOSS 1.5902519E=~0n4
MISMATCH AT EACH BUS
2 -0,0000 -
HP -0.N001
UP 0.0000
|"1C3° ”000000
MCoY 0.0000
K338 N.NGDC
KL ~0a0000
wh 0.,00C0
N ~0,0000
Wi -0.,0000
“P ~0.0000
F 0.0000
SK ~0,0000
K305 -Na0000
WA -0,0000
wC ~0,0000
CIRCUIT FLOWS AND LOSSES
309 NL KL -21.9265 28, k393 G,2129
3410 NL MpP 15,0559 <=14,8226 0.2333
511 Kl MC69 12,3150 =172.4486 -0,1337
s8le P MC6Y =11.1065 11.4260 0.3195
ala F MCOHY -1,5266 1.5339 0,0073
4136, - & Wi ~-15,2136 15,3871 6.12736
Ble KbB6eS WL 50,6283 <48,7765 L.35)8
o2ls HP KKES 147.,1715 ~143,71726 3.4590
d26  HP N 112,8772 -106,3656 6,5116
427 N KL 75,7056 =74,1212 1.5844
31 HP P 138.41672 ~134,6572 3.7590
306 WA NL 31.8806 =31,3407 0.5399
452 P WA 48,7728 =47.,1651 1.60T77
Y04 MC38 SK -36,2661 36,8354 0.5693
902 SK DpP -46,6611 47,3501 00,6890
910 P wC -57.6489 57.2803 ~0.,1685
3} 1 KB3& wWC 70,8854 ~=T71,0182 ~-0,1328
MCTF MCe9 MCIE ~0.5022 n.6022 0.,0000
KTk KH&G K838 92,9933 -92.9933 0.0000

Table C-5

Li

2.2174583E+01
2,1026543E+01
2,1085980E+0]
2.1082903E+01
2.1083062E+01



VENERATOR NAME

8Y.S
5Y5
SYS
SYS

Muw
My
M
M

MISMATCH
MISMATCH
MISMATCH
MISMATCH

2P

AND
AND
AND
AND

MW
MW
Muw
My

MISMATCH AT EACH BUS

o)

P
bpP
MC3&
MCHY
Ko3u
KL
NL,

N

Wl
P

F

SK
K86y
wA
WC

-0.0000
0.N003
0.0000

~Nea0000
00,0000

~0N000

-0,0000
0.,0000

"'0.0000

-N.0000

~0,0000
N,0000
00000
0.N000

-0,00C0

-0.0000

CIRCUIT FLOWS AND LOSSES

809
810
311
8312
314«
816
Bl8
825
826
327
831
Hob
Hoe
904
07
210
9T 1
MCTF
K3TF

N
NI
KL
MP
£

F

KH
HP
HP
N

HP
WA
P

MC
SK
upP
KR
MC
KX

KL
MP
MC69
MCEe9
MCeS
Wl
wl
KE&Y
N
KL
p
NL
& A
SK
Dp
wC
wC
MCIK
KH3&

60

3

3R
€9
659

6 . 065
7+3203
5.1302
0.9795
-2.2843
-1,7362
10.1462
29,0593
17.0617
8. TE39
~53,2883
22,9538
27,5321
-4 ,6R7R
-7.1212
-9,6518
12.8987
3.8776
18,2083

LOSS
LOSS
LOSS
LOSS

P Generation

-6.,126¢4
-7.2069
-5.1869
-1.0077
2.2252
1.7560
~9,7751
-28,3763
~16,0775
-8.5315
51.8411
~22.5650
2R 6246
4b,7614
T7.2264
99,6234
~12.9228
-3.8776
-18,7083

Table C-6

2.3111415E400
-1.1965448E=01
6,1951280E=03
-3,2088161E=~04

-0.0589
N.1134
-0,0557
-0,02872
0.0109
0.0168
G.3711
0.6830
0.9842
0.18724
-3 0472
0.3887
0.9075
0.0736
0.1052
-0,0283
-0,0247
0.0000
0.,0000

2.3111415E+00
2.1914870E+00
2.1976821E+00
2.1973612E+00
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Load Flow for DP Generation

GENERATOR NAME ? ALL

SYS Mw MISMATCH AND Mw LOSS 4,8409184E+00
SYS Mw MISMATCH AND MW LOSS 0.

4,B409184F+00
4 ,8409184E+00

MISMATCH AT EACH BUS

P 0,0000
HP N.N026
P 0.0000
MC38 -0.0000
MCoS 00000
K338 -0.0000
'(L. "0.0000
NL 0,N000
N 0.0000
Wi ~0,0000
Mp 0.0000
F C.0000
SK -0,00060
KB69 N.0000
i A ~0,0000
~C 10,6000

CIRCUIT FLOWS AND LOSSES

309 NL KL -11.0146 11.049] 0.0345
310  NL MP -13,9306 14,1583 Q2217
811 KL MC69 =29,0859 29,.6RT3 D.6N1%
Hlz MP MCHY =~26,R929 21,2703 0.3774
314 F MC69 -8,1962 88,2219 0.0257
816 F Wi ~-0,0254 N.0318 0.0063
318 KHB69 wlL 16,5280 =~16,4303 0.0977
825 HP KH6GS =70,3156 Tla Y423 0:e. 8257
B26 HP A 16,5983 =16,5049 00,0935
827 N KL 1.4468 -] 4449 0,0019
83] HP P 43,9022 =~43,5206 0.3817
856 WA NL -6,1681 66,1784 0.N104
B57 P WA 1.3400 -1,3386 0.0014
904 MC38& SK ~R2.7398 83.3774 0.6377
902 SK 3]= -B8,2032 BR.8046 N.6N14
910 0P wC 106,2356 ~105,5747 0.5610
911 KH3& w( -98,5719 98,9276 0.3557
MCTF MC69 MC38 65,2241 65,224) 0.0000
KsTF KH69 KB3B8 87,7140 87.7140 C.0000

Table C-7




b7

Load Flow for HP Generation

GENERATOR NAME ? ALL

SYS Mw MISMATCH AND MW LOSS 1.6106452E+01
SYS Mw MISMATCH AND MW LOSS 0,

1.6106452E+01
1.6106452E+01

MISMATCH AT EACH BUS

P ~0.N000
a -0.0114
ue 0.,0000
MC38 ¢t.,0000
MC69 0.0000
K838 ~0,0000
KL NaN00O
NL 0.0000
N 0,0000
Wl -0.0000
MP -0.0000
F 0.,0000
SK ~0,0000
869 0.0000
WA -0.0000
wC N.0000

CIKCUIT FLOWS AND LOSSES

3Ny  NL KL -20.9314 21.0594 0,1230
310 NL MP 15,2563 =14,9364 0.3200
411 KL mMCe9 13,3369 ~13,1893 0.1475
Hlz MP MCe9 =~10,5328 10,6104 0.,0777
#1464 F MC6HG -1,9885 1,9663 0.0079
316 F wi -14,4848 14,6090 0.1247
Al8  KBAS wi, 4B, 4230 ~4T.4062 1.0166
826 HP N 108,6700 «104,5927 44,0778
327 N KL T4,67T61 =73,3567 l1.1164
#3] HP P 135.5292 ~132,3514 33,1778
566 WA NL 32.1491 =31.8584 0.2907
862 P WA 47,9903 -47,1625 0.B279
Y04 MC38& SK -34,508] 34,6548 0.1467
9nz  SK LP -44,3062 44,5032 0,1970
910 OP wC -54,4227 54,6328 0,2101
911 KB23E wWC 68,3613 =A8,1270 0.2342
MCTF MCAY MC3B 0.5232 -0,5232 0.0000
KSTF K566 KH3R 90,0771 =90.0771 0.,0000

Table C-8
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Load Flow for P Generation

GENERATOR NAME 7 AN

SYS MW MISMATCH AND MW LOSS 1.2235164E4+00
SYS Mw MISMATCH AND MW LOSS Q.

1.2235164E+00
1.2235164E+00

MISMATCH AT EACH BUS

P 0,0000
HP 0.0002
DP -0.0000
MC3H G,0000
MC6Y N0,0000
KB3K ~0,0000
KL «0, 0000
NL N.0000
N 0.,0000
wi ~0,0000
P -0,0000
F 0.0000
SK ~0,0000
KdeY 0,0000
WA -0,0000
wC 0,0000

CIKCULT FLOWS AND LOSSES

309 L KL 6.4759 -6 ,4660 0.0099
810 NL mP 7.3325 -7.2702 0,0623
311 XL MCHY 5,2468 -5,2246 0,022?
Blz MP MC69 0.9029 -0.8997 0.0032
814 F MCEG ~2.5032 2.9117 0.0084
516 F Wi -1,2076 1.2158 0.0082
315 KH86G wlL 9,4523 -9,415] 0.0372
625 HP Kr69 28,9539 ~28,7897 0.1642
826 HP M 16,1458 16,0634 0.0824
527 N KL B.5364 -8,5216 0.0128
431  HP P -51.2041 51,6168 0.4127
Bo6 WA NL 23.3165 =P22,1918 0.1247
s6p P WA 27.2930 =27.0699 0.2231
904 MC386 Sk -5 ,.547A 5.,5787 0.0111
902  SK oP -7,9915 8,0053 640137
910 DP wC -10,4852 10,4982 D.0130
911 KB3& WC 13.8861 =~13,8718 0.0143
MCTF MCe9 MC38 3,1903 -3,1903 0.0000
KBTF KH69 KB3s 16.3150 =19.3150 0.0000

Table C-9
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Appendix D

Program Source Listing

# POWER SYSTEM LOADFLOW PROGRAM = USING 2BUS SOLUTION

DIMENSION NCR(10) ¢NML(51) +NMF (51) «NMT (51) +NMB (36) s TAP(51)
RAT(51) «IDL(51) +PL(36)4IB(35},IC(35),
QL (36) 2 IDBG(36) + IUBT (36) 4JDL (51)
sPF(50) «P2(50) +P(35)
COMPLEX ZL(51)47ZB{35¢36)+G(35)4TF(35)+L0(35),ZA(35)»,A5(35)
A(35) 4V (35)eVO(35)44D.SeLF,W(35,36)
EQUIVALENCE (7ZBsW)
FILENAME DATA
DATA IS sNCReJaNGIRCaPTLUT4ZByIALL
/11”" "000]9190.'00'1260*(()-!0.)."ALL ",
ZB(141)=(.0002+0.)
ML=503 MB3=3%
DC 65 I=]1.MB
IB(I)=0
G(I)=(0aa0,)
TF(I)=(00O“.)
PRINT y#DATA FILE NAME "
READLDATA
READ(DATAL15)LN
FORMAT (A1//)
PRINT 1
FORMAT (14 )
DO 4 I=111ﬂ
PHINT 2
FORMAT (1H+ «"REMOVE CIRCUIT "y
RFEAD 34NCH(I)
FORMAT (A4)
IF (NCR:(1) »EQ41S5) GO ROL6
CONT INUE

# KEAD LINE DATA RUT SKIP REMOVED CIRCUITS

&

7

JEJe]

REAU(DATASTILN ¢NML (J) o NMF (J) o NMT (J) o ZL (J) sRAT (J) « IDL (J) o TAP (J)
IF(TAP(J)EG,0,) TAP(J)=1,.0

TAF(JY=1 . /TAP (U)

FORMAT (1353 (1X+A4)43F6,0413eF6,3)

# CONVERT Z TO PER UNIT ON A 1 MVA BASE

10

ZL(Jy=ZL(J)y/10000.

IF (NML(J).EQ.IS) GOTO 9

IF(J.LE.ML) GOTO 8

PRINTGWEXCESSIVE NUMBER OF CIRCUITSH3ISTOP
DG 10 I=1.10

IF(NCR({I) JNENML(JYy)Y GO TO 10

NCR(I)=1S 3 J=u=-1 3 GO TO 6

CONTINUE

GO TO 6

49
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# CHECK TO SEE THAT ALL REMOVED CIRCUITS WERE REMOVED
9 NL=J=1
D0 11 I[=1,10
IF(NCR(I) ,EQ.IS) GO T0 11
PHINT 12¢NCR(¢(I) 3 STOP
12 FOKMAT (" REMGOVED CIRCUIT m,A4,un WAS NOT FOUND)
11 CONTINUE
# CONTINUE REQUESTS FOR DATA
PHINT40SYS Mw MVAR LOAD
READySYSL sSYSX
PRINT «WSWING GENERATOR wu
READ 3,NM
PRINT 57
57 FORMAT (1H+,uBUS VOLTAGE (PU) m)
READ,VSG
PRINT 1
READ(DATAS15)LN
# READ bUS DATA RUT OMIT BUSES WITH NO CIRCUITS
J=0
17 J=de+1
READ(DATAS 134FND=14) LNGNMB (J) oPL (J) 3QL (J) s IDBG(J) 4 IDBT (J)
13 FORMAT(I351XeA4e2F6,041%X5211)
IF(J.LE,MB) GOTO 5
PRINT ywEXCESSIVE NUMBER OF BUSESWSISTOR
5 DO 16 I=14NL
IF (NMB(J) ,EG,NMF (Iy)y GO TO 18
IF (NMB (J) JEG.NMT(I)) GO TO 18
16 CONTINUE
J=Jd=1 § GO TO 17
18 PT=PT+PL (J)
GT=QT+0L (J)
IF (NM,EQ,NMB (J)) IDBG(Jy=?
IF(IUBG(J)EQ.ND)Y GOTO 17
IF (NMJMNENMB(J)) GO TO 19
IE(JY=]1 3 A(J)=CMPLX(VSG#5000,40.) 3§ GOTO 17
19 PRINT 204,NME (J)
20 FORMAT (1H+ 444" MW MVAR GEN ")
READGG(Jy 3 6GOTO 17
# ADJUST LOADS. INITIALIZE A, ANU READ TIE FLOW VALUES
14 NE=Ja=]
PRINT 1
DO 30 I=14NB
PL(IYy=PL(I)=#SYSL/PT 3 QL(I)=QL(I)y#SYSX/QT
LU (I =CMPLX(PL(I),QL(I))
IF¢IuBT(1) ,EQ,0) GOTO 21
FRINT 224NMB (1)
27 FORMAT (1H+ A4 My MVAR TIE w)
READ,TF (1)
21 IF(IDHG(I) . .EQ.2) GOTO 30n
S=(G(I)~TF(IY=LD(I))
A(T)y=CONJG(S)
30 CONTINUE
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# NUMBER BUSES BY LOOKING FOR LINE CONNECTIONS
DO 27 K=2,.Np
DO 23 I=1.NL
IF(ICL(I).,EQ.Py GO TO 23
IF (NMJEQ,NMF (I)) GO TO 24
IF (NM NENMT (1)) GO TO 23
AMI=NMF(I) 3 GO TO 26
24 NMI=NMT (1)
26 PO 25 J=]1,NB
IF (NM] ,NE,NMB (Jy) GO TO 25
IF(IB(J).GT.0) GO TO 23
N=N+ )
IE(J)=N
IF (N=NB) 23,28,28
25 CONTINUE
23 CONTINUE
DO 29 I=1,NB
IF(IB(I),NE,K)y GO TO 29
NM=NME(I) 5 GO TO 27
29 CONTINUE
PRINT«MISOLATED BUS(S)"3STOP
27 CONTINUE
STOP
#CHANGE BUS NAMES TO BUS NUMBEKS LISTED IN TABLE IB
28 DO 31 I=1,NL
LO 32 J=],NK
IF (NMF (D) JNE NMB(J)) GO TO 37
NME (1)y=IH(J)y 3 GO TO 33
372 CONTINUE
GOTO 67
33 DO 34 J=1.NB
IF(NMT(I) JNELAMB(JY) GO TO 34
NMT(I)=Ib(Jy 3 GO TO 3i
34 CONTINUE
6T PRINT 68,NML (1)35STOP
68 FORMAT (" ILLEGAL RBUS NAMES CIKCUIT w,A4)
31 CONTINUE
# MAKE Tht TO BUS NUMHER GREATEKR IN THE LINE DATA
DO 4) I=14NL
JOLA(T)=NMF (L) #104+1IDL (])
IF (MM LT) JLT JNMT (T)) GOTO 41
J=NMF (])
NMF (1) =NMT (1)
NMT (I)=J
41 CONTINUE
# CHEATE TASLE IC, THE REVERSE OF TABLE Ik
UG 50 I=]1,NB
DO 51 J=1,.NB
IF(I.NE.IB(J)) GO TO 5]
IC(Iy=d 53 GO TO 50
51 CONTINUE
STOoP
50 CONTINUE




# SEARCH THROUGH LINE TAHBLES SELECTING LIMES FOR ZBUS
N=p
U0 36 NF=]4NB
DO 35 I=1.NL
IF (NMF (1) NEJNFY GO TO 35
IF(IDL(I).EQ.2) GO TO 35
MNT=MMT (I) 3 M=N=)

IF (NT,LT,N} GO TO 37

# ADD BRANCHES TO ZBUS MATRIX
DO 38 J=1,M
ZB‘JQN)=ZH(J9NF)

38 ZH (NyJ)=ZB (JeN)
ZHR (N M) =ZL (1) +ZB (NF 4NF)
N=N+]1 3 GO TO 35
# ADD LINKS TO zZBUS MATRIX
37 00 39 J=1,M
39 ZA(J)Y=Z3 (JeNT)=Z8 (J¢NF)
Z0=ZL (1) +ZA(NT)=7A (NF)
Z20=1 -/ZD
DO 40 J=1,4M
DO 40 K=UyM
ZB(JeK)=ZR (JsK)=ZDRZA(J) #ZA (K)
40 ZB(KaJ)=ZB(JeK)
35 CONTINUE
36 CONTINUE
# JTERATE UNTIL BUS POWERS AND VOLTAGES AKE SATISFIED
73 M=)
DO 42 1I=1,100
‘JO 43 \‘-‘-1 .NB
AS(J)=0,
ZD=(0.90a)
DO 44 K=]1,.NB
44 Z20=7D+ZB(IB (J) IR (K))#A (K)
43 V(Jy=20
IF (M EQNB)Y GO TO 45
ITER=] $M=]

# SUM UP SAHUNT FLO®WS FOR AUTO AND STORE InN AS
DO 116 J=]1.NL
IF(TAP(J).EQ.1.,0R, IDL(J) ,NEL1) GOTO 115
IF (JOL (JY/Z10.EQ . NHUF (Jyy GOTO 12)
NF=IC(NMT (Jy)sNT=TIC(NMF (J)) 360 TO 17,2

121 NF=TCUINMF (J)) 3 NT=IC(NMT (J))
122 T1=1.+TAP ()3 Tr2=1.=-TAP(J)
AS (NF)Y=AS(NF)+CONJGC{ (VINF)Y#T1=V(NT))=T2/ZL (J) ) #V (NF)
ASINT)=AS(NT) +CONUG (=T2%V (NF) /ZL (JY ) #V (NT)
116 CONTINUE
M=]
DO 46 J=1,NB
IF (IDBG(J) ,EQ,2) GOTO 47
ZD= (G (J) +AS(J)=TF (Jy=LD ()
S=ZD=V (J)#CONJG (A (J))
D=CABS(S)
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IF(DaLT,e01) M=Ms]
A(J)y=.5%(A(J)+CONJG(ZD/Y (J)))
GO TO 46
47 A(Jy=CMPLX(VSG,0,)#*A(J)/V (V)
46 CONTINUE
472 CONTINUE
PRINT"CASE DID NOT CONVERGEMN
45 PRINT 49,1TER
49 FORMAT (" TOTAL ITERATIONS =v,I3)
I=IC(1)
G(Iy=v(I)#CONJG(A(I)=5000,%V(I))
G(Iy=6(I)+LLD(I)+TF{I)=AS(I)
IF(IBCL,EQ,2) GOTO 60
# MODIFY TF VARIABLE FOR CONTINGENCY CASES
I6C=2
DO 54 I=1,NB
IF(IDBT (1) ,NE,1) GOTO 54
S=‘Oo!(‘-)
DO 5% J=]NL
IF(IDL(J) ,NE,2) GOTO 55
1F (NMF (J) ,EGQ.IB(I)) GOTO 63
IF (NMT (J) JNELIB(I)) GOTO 55
K=IC(NMF (Jy) 3 GOTO 64
63 K=IC(NMT (J))
€4 S=S+V(1)y#CONJG ((V(I)=V(K))/ZL (J))
55 CONTINUE
TF(I)=TF(Iy=~S
A(I)=A(I)+CONJG(S/V(I))
54 CONTINUE
# ADD EQUIVALENT CIRCUITS TO ORKIGINAL 7BUS
DO 56 I=]14NI
IF(ICL(I).NE,2) GOTO 56
NF=NMF (1)
NT=NMT (1)
O 61 J=1,4NB
61 ZA(JY=ZB(JWNT)Y=ZB(JoNF)
Z0=7L (1) +ZA(NT)=ZA(NF)
20=1,72D
DC 589 J=14NB
DO 59 K=J,NB
ZB(JsK)=ZB(JeK)=ZD#ZA (J)#7ZA(K)
59 ZEBE(KeJ)=78B (J.K)
56 CONTINUE
# PRINT LISTING OF DECISIONS AVAILABLE

FRINT 1

PRINT¢mLIST OF COMMANDS:w
PRINT," 1 = END OF JORW®
PRINT " 2 = CONTINGENCY™®
PRINTa" 3 = CKT SUMMARY®N
PRINT " 4 = FULL REPQORT®
PRINTL" 5 = RUN ZIPFLOWN




# DECIDE WHA

60

69

54

PRINT
PRINT ,»

6 = ADJUST GENR®
7
PRINT,# 8
9
T

= RESTORE CKTw
= CHANGE TAPSH
= LOSS ASSIGN®
STEP IS TO BE PERFORMED NEXT

PRINT 0

PRINT 1

PRINT 4 "COMMAND NUMBER i FREAD,IBR
IF(IBRLT,1,0R,IBR,GT,9) GOTO 60

GOTO (6343709714 72+4801075109,133,207).1IFER
PRINTLHEND OF JOBnj; CALL EXIT

# PREPARE AND EXECUTE CONTINGENCY

70

52

PRINT,"REMOVE CIRCUIT w; READ 3,NM
DO 62 I=1,4NL

IF(ICL(I)  EQ.9) GOTO 62
IF(NML (I) ,NE NM) GOTO 62

M= 3§ GOTO 53

CONTINUE

PRINT"CIRCUIT NOT FOUND®3; 6GOTO 60

# MODIFY Z8US BY REMOVING REQUESTED CIRCUIT

53
66

58

DO 66 J=1,.NR
ZA(J)=ZB (JJNMT (M) ) =ZB (JoNMF (M))

ZD=ZA (NMT (M) ) =ZA (NMF (M) )=ZL (M)

IF(CARS (ZD) /CABS(ZL(M)) .GT=0000001) GOTYO 52
PRINT "ILLEGAL CIRCUIT REMOVAL®W; GOTO 60
10L(My=9 § ZD=1,/70

DO 58 J=1,NB

DO 58 K=J,NB
ZR(JoyK)=ZB(JsK)=ZD#ZA (J)#7A (k)

ZB (K4 J)=ZB (JWK)

GOTO 73

# PRINT CIRCUIT SUMMARY OUTPUT

71

PRINT ¢WPERCENT LIMIT vw; READ,PCL
PRINT4 CKT PCTHn

DO 74 I=1,NL

IF(ILL (D) ,EQ,2.,0R,IDL(Iy),.EG.9) GOTO T7é&
IF(UDL (D) /10.EQNMF(I))y GOTO 123
J=IC(NMT (1)) § K=IC(NMF(I))

GOTO 124

123 U=IC(ANMF (I)y)ys K=IC(NMT(I))
124 S=(V(JYy#TAP(1Y)y=-V(KYy)/ZL (])

IF(TAP(1),6T,.1.) S=S#TAP(I)
PCT=100,#CABS(S)/RAT (1)
IF(PCL.3T,.PCT) GOTO T¢
PRINT TS NML (1) PCT

75 FORMAT (2XyAb&4F4,0)
74 CONTINUE
GOTO 60
# PRINT DETAILED OUTPUT REPORT OF BUS AND CIRCUIT VALUES
72 PRINT " Xmmmmmme BUS DATA=ce==== e LINE FLOWSwwm==
..... - X0
PRINT 4" FROM TO CKT Mw  MVAR

+

PCT  AUTOw
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# ARRANGE BUS NAMES In ALPHABETICAL ORDER
NM]1=0
DO 7€ LN=1,NB
NM2=31000000000
DO 136 II=1,NB
IF(NM&(II).LE.NM]) GOTO 1306
IF (NM2,LT.NMB(IT)) GOTO 136
I=I1 § NM2=NMB(T)
136 CONTINUE
NM)Y=NME(T)
VB=CABS(V(I)) 3 N=0
ANG=ATMAG (V (1)) /REAL(V(I))
ANG=5T7 ,29578#ATAN (ANG)
S=TF (1)
IF(IDBET(IY ,NEL1) GOTO 77
# SUM UP NET INTERCHANGE
DO 78 J=1.NL
IF(IDL(J)Y . NE.?2) GOTO 78
IF (NMF(J) . EQ.IB(I)) GOTO 79
IF(NMT (J) ,NELIB(I)) GOTO 76
K=IC(NMF (Jy)y 3 GOTN 80
79 K=IC(NMT (J))
80 S=ES+V (L) #CONJG((V(I)=V (K))/ZL (J))
78 CONTINUE
77 CONTINUE
81 LO B2 J=1,NL
DATA=w n
IF(IDL(J) JEQ.2,0R,IDL (J) . EG.9) GNTO &2
IF (NNMF (J) W EQ.IB(IY)) GOTO &2
IF (NMT(J) (NELIB(I)) GOTO 82
K=IC(NMF (J)) § GOTO 84
83 K=IC(NMT (J))
84 IF(IC(JOL(J)/10).EG,IY GOTO 125
ZD=(V (1) =V (K)#TAP (Jy) /7L (J)
GOTN 126
125 ZLU=TAP (J)y#(V(I)#TAP (J)=V (K))/ZL (J)
T1=1./TAP(J) 3 IF(T1.EQ.1,) GCOTO 126
ENCOLE (NCR.127) T1
127 FORMAT(F6,3)
DECCUE (NCR4,128) DATA
128 FORMAT (A6)
126 LE=V(I)#CONJG(7D)
PCT=100,%CABS(ZD) /RAT (J)
N=Ns ]
IF (NgEQ41) PRINT RSy NMB (1) s VRaANG gNMKE (K) ¢ NMU (J) o LF ¢ PCT»DATA
IF (NyEQe2) PRINT 8646G(1) o NMo (k) oNML (J) o LFyPCTLDATA
IF(N,EQe3) PHRINT 874,LD(I)4NMB(K) oNML (J) oLF 4PCT.DATA
IF(NeEQ 4 AND .S NEL(0.90.)) PPINT RR,S,NMB(K) 4NML (J) o LF 4 FCT

+ LUATA . e
1F (hj.E().L\-.ANU.S.EQ.(00100,) FRINT RQ,NM‘%(K),NML(J).LF,F’CT
4+ SDATA

IF (N,GT,4) PRINT 89 ¢NMB (K) osNML (J) WLF«PCTLDATA
82 CONTINUE



96 N=Na4+]
IF(N,GT,.4) GOTO 76
GOTO(76993094995)0N
93 PRINT 90,6(¢(I) § GOTO S6
94 PRINT 21.LD(I) 3 GOTO 96
95 IF(S,NE.(0,40.)) PRINT 92,5
76 CONTINUE
B85 FORMAT (/2X o84 4" VOLTN  F6,.230F6,1e3XeA441XeAb,2F6,.0sF&.0A6)
86 FORMAT (TXoe" GENN2F6,043X9R%31X0A442F6.0sF4,0,A6)
87 FORMAT(7Xg"LOAD",2F6.0.3X.A4.1X'A4.2F6.00F4,0.A6)
58 FUPMAT(‘,XQ" TIE".2F6.0!3X.A491X.A4.2F6.0,F4.0g1\6)
B9 FORMAT (26XsA4491X3A4,2F6,0,F%,0,A6)
90 FORMAT(TXe' GENW,2F6,0)
91 FORMAT(TX,"LOADM,2F6,0)
92 FORMAT (TX4n TIEN 2F6.0)
GOTO €9
#  BEGIN EXECUTION OF THE ZIPFLOwW ROUTINE
48 DO 98 I=14NL
IF (1L (1).GE,2) GO TO 98
NF=NMF (I)
NT=NMT (1)
DO 99 JU=1,N8
99 VO(IC(J))=ZR(JeNF)=mZB (JoNT)
ZU=1./772L (1)
NF=TC(NF) § NT=IC(MT)
LF=CMPLX(1les04)=(VO(NF)=VO(NT))®ZD
SEP=CABRS (LF)
IF(SEP.GT..001) GO TO 100
PRINT 101.NML ()
101 FORMAT(VWOORPEN CKT g A4, ~ SYSTEM SEPARALTIOQN®)
GO TO 93
100 IF(IC(JDOL(I)/10),EQ,NF) GOTO 129
S=(V(NF)=V(NT)#TAP (1)) #ZD/LF
GOTO 130
129 S=(V((NFY=#TAP(I)=V{NT))&ZD/LF
130 IF(TAP(T).GT.1,) S=S*TAP(I)
DO 102 J=1.NE
102 VO (J)Y=VO0(J) =S
K=
DG )03 J=14NL
NF=IC (MN4F (J))
NT=IC (NMT (J))
IF(J,EG.TI)Y GO TO 103
IF {IDLAYY < GEL2) GO TO 103
PCT=0.
IF(RAT (J) ,GT,0.) PCT=100./RAT (J)
IF(IC(JDL(I)/10) LEQ,NF) GOTO 131
S=V (NFY+VO(NF)Y=TAP (J)#V (NT)=VO (MNT)
GOTU 132
131 S=ETAP(J)#V (MNF)+VO(NF)=V (NT)=VO(NT)
132 IF(TAP(J).GT.1.) S=S#TAP(J)
PCT=CABS(S/Z1.(J))#PCT

56




57

IF(PCT,LT.90.) GO TO 103
IF (K EGa0) PRINT 104,NML(I)
104 FORMAT (WOOPEN CKT nyAL,% = OVERLOAD CKTS#)
K=]
PRINT 108,NML (J)PCT
105 FORMAT (1XeA4yaF6,0e" PERCENTM)
103 CONTINUE
IF(K,EQeD0) PRINT 106.NML(I)
106 FORMAT (VOOPEN CKT Ny A4." = NQO PROBLEMSH)
G8 CONTINUE
GO TO &0
# ADJUST INTERNAL GENERATION WHILE HOLDING NET TIE FLOW CONSTANT
107 DO 108 I=],NB
IF(IDBG(I) NE,1) GOTO 108 ’
PRINT 20,NMB(I)
FEAD G (1)
108 CONTINUE
GOTO 73
¥ RESTORE FULL TRANSMISSION 7ZBUS
109 DO 120 LN=]NL
IF (IDL(LN) ,NE,9) GOTO 120
DO 117 KZ=14NB
117 ZA(KZ)=ZRB(KZoNMT (LN) )y =ZB (KZ NMF (LN )
ZU=ZA(NMT (LN) ) =ZA(NMF (LN))+7L (LN)
Z0=1,720D
0 119 J=1.NB
DO 119 K=J,NB
ZB(JeK)=ZB (JyK)=~Z0%2A (J) #ZA(K)
119 ZB(K4J) =78 (J4K)
IDL (LN)=JDL (LNYy =JDL (LN) £10%#]0
120 CONTINUE
GOTO 73
# CHANGE TAP SETTINGS FOR AUTOS
133 DO 135 I=1,NL
IF(IDL(I) NEW1l) GOTO 135
PRINT 1344NML(T)
134 FORMAT (1H+ "TAP FOR w,A4)
RPEADLT]
TAP(I)=1,/T1
135 CONTINUE

GOTO 73
i
# BEGIN EXECUTION OF THE LOGSSES ALGOKITHEM
*

207 NE1=NBs+]

& TUENTIFY THE REFERENCE RUS IRb
IRB=IC (1)

*# STORE W IN THE 1ST REC ANU ZB IN THE 2ND REC
wWRITE (WWSAVEM) ((ZB(Lad) 2 I=1eNB) yJ=1oNB)
WRITE (WASAVE") ((ZB(TeJ) 9 I=1aNB) 4Jd=1,NB)
HEWINDWASAVEN
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# STORE BASE CASE VOLTAGES IN VO
U0 208 [=]1,NB
vo(Iy=v(I)
# CLEAR THE W MATRIX
DO 208 J=1,NB
208 w(leJ)=0,
CO 209 L=]e.NL
#» CONVERT INTERNAL FROM AND TO BUS NUMBERS TO ORIGINAL NUMRERS
# APPEARING IN ORDER OF INPUT DATA
NE=TC(NMF (L))
NT=TC (NMT (L))
# RESTORE URIGINAL FROM=TO ORDER IF REVERSED
IF(IC(JDL (L)Y /10) LEQ.NF) GOTO 236
NF=TC(NMT (L))
NT=IC (NMF (L))
# CALCULATE THE BASE CASE FROM AND TO POWFRS FOR EACH CIRCUIT
236 PF(LY=VO(NF)#CONJG ((VO(NF)®TAP(L)=VO(NT)Y) /ZL (L)Y ) #TAP (L)
P2(L)=VO(NT)#CONJG((VO(NT)=VO(NF)Y)/ZZL (L))
# ASSUME A LOSSLESS AUTOTRANSFORMER MODEL
IF (IDL (L) JEQalY P2(L)==PF (L)
ZD=PF (L) /(VO(NF)=VO(NT))
# INSERT TERMS INTO THE W MATRIX
WNF gNT) =W (NF¢NT)=ZD
W (MNF g NF )y =y (NF 4 NF)+Z0D
IF(IDL (L)Y &NEL1) ZD=P2(L)/ (VO (NT)=VO(NF))
WINToNF) =W (NT4NF)=ZD
WINTyNT) =W (NT«NT)+ZD
209 CONTINUE
# SHCRT THE REG BUS TO GND
W(IREB,IRB)Y=Ww (IRB,IRB)+1,.E5
# STOKE w FOR FUTURE ITERATIONS DURING CONVEHGENCE
WEITE (WWSAVEN) ((W(leJ)aI=1lohNB)ed=1 NR)
235 PRINT 245
245 FORMAT (1GENERATOR NAME ")
FEAD 3,LGM
Jd={
IF(LGM,EQ,TALLY GOTO 211
IF(LGM NE,IS)y GOTO 237
# RESTORE ORIG 7B AND BASE V AND RETURN TO PROG COMTROL
DO 234 I=1,.NB
234 Vv(Iy=vo(I)
HEAD (MUSAVE?) ((ZB(I,J) +I=19NB) gJ=1 ¢NR)
REWINDUWASAVE®

GOTO 60
237 0O 210 I=1,MB
J=1

IF(LGM ,EQO NMB(I)) GOTO 211

210 CONTINUE
PRINT¢CANNOT FIND THAT GENERATORM®
6O0TO 235

211 LGM=y
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HKEWINDUWSAVEN
PLOLD=0n,
212 PLOSS=9,
#* BUILD TRANSACTION POWER VECTOR
#* ONLY TPANSACTIONS OF POWER FROM GENERATORS TO LOAD IS MOUELED
DO 213 I=].NB
IF (LGML.EQ,0) P(I)==PL(I)+REAL (G (1))
IF(LGM,EG,0) GOTO 213
P(Iy==PL(I)*#(REAL (G(L.GM))=FLOILD)/SYSL
213 CONTINUE
IF(LGM,GT.0) P(LGM)=P(LGM) +G (LGM)
DO 214 I=1,NB
2146 W(lsNB1Y=P(I)
# SOLVE W USING THE GAUSS-JORDAN TECHNIQUE
DO 218 K=]1,NB
ZU=% (KeK)
DO 216 J=K.NB)
216 W(KaJ)=W(KeJ)/s2D
UO 218 I=1,.NB
IF(I.EQ.K) GOTO 218
S=w (I.K)
DO 217 J=1,NB]
217 wW(led)=W(IleyJ)=W(KeJd) S
218 CONTINUE
DO 220 I=1.NB
220 V(1)=4(Ta.NB1)+VO(IRR)
# CALCULATE THE PROJECTION OF CURKENT ON THE tASE CASE CURRENT
# FOR £ACH CIRCUIT
DO 221 L=1.NL
NE=TC (NMF (L))
NT=IC(NMT (L))
IF(IC(JOL(Ly/710n) ,EQ.NF) GOTO 238
NE=TC(NMT (L))
MT=TC (NMF (Ly)
238 FACT={V(NF)=V(NT))/(VO(NF)=VO(NT})
PLOSS=PLLOSS+FACT# (PF (LLy+P2(L))
P(NF) =P (NF)=FACT#PF (L)
221 P(NT)=P(NT)~-FACT=P2 (L)
ERR=PLOSS-PLOLD
PRINT1SYS Mw MISMATCH AND MW [0SSn ERR,PLOSS
PLOLD=PLOSS
# RESTORE ORIGINAL W FOR NEXT 1TERATION
READ (MASAVED) ((W(lad) e I=14NB) 4J=] NR)
HEWIND mwwSAVE®S
IF (ABS(ERR)Y .GE,,.001) GOTO 217
PRINT 0 n
PRINT yMISMATCH AT EACH BySw
Do z22 I=10N8
222 PRINT 223,NMB(1),P(I)
223 FORMAT (1X,A44F)0,4)

il
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PFINT," "
PRINMT,MCIRCUIT FLOWS AND LOSSESH
DO 232 L=1.n0L
NFE=TC (MMF (L))
NT=IC(NMT (L))
IF (IC(JDIL (L) /10) JEQ,NF) GOTO 239
NF=TC (NMT (L))
NT=1C (NYF (Ly)
239 FACT=(V(NF)-V(NT))/(VO(NF)-VO(NT))
FLO1=PF (L)#FACT
FLO2=P2(L)®»FACT
PLOSS=FLO1+FLO?
237 PRINT 233,NML (L) 4NMB (NF) NMB (NT) 4,FLO1.FLO?.PLOSS
233 FORMAT(3(1XyA4)43F10,4)
PRINT 1 w»
GOTO 235

END




PRINT 1 n
PRINTyMCIRCUIT FLOWS AND LOSSESH
DO 232 L=1.NL
NF=1C (MMF (L))
NT=IC(NMT (L))
IF(IC(JDL(L)/10) LEQ,NF) GOTO 239
NF=IC (NMT (L))
NT=1C (NMF (L))
239 FACT=(VINF)y=V(NT))/(VO(NF)=VO(NT))
FLO1=PF (L)®FACT
FLO2=P2 (L) #FACT
PLOSS=FLO1+FLO?
237 PRINT 233.NML (L) 4NMBE(NF) ,NMB (NT) 4FLLO1.FLO2,PLOSS
233 FORMAT (3(1XyA4),43F10,4)
pRINT," L
GOTO 235

END
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