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Abstract: )

A new algorithm to compute the probability density
function of the flows over a transmission tie between
two areas is developed. This algorithm is integrated
with composite system reliability concepts to compute
the probability density function of load curtailments
for each area. Penalties in terms of increased fut?l
costs due to departures from the optimal economic
dispatch forced by tie capacity restrictions are also
computed. Extrapolation of the concepts presented to
the multi-area problem is briefly discussed.

Ty
1.0 Introduction

The function of an electrical power system is to
supply the customer electricity demand or load.
Accordingly, the most directly meaningful way to
express the system reliability is in terms of load
which needs to be curtailed because of equipment
failure or because of operating action to prevent
failure of overloaded equipment.

Within the system planning context, the load
curtailment implied by a given generation and
transmission expansion alternative, can be thought of
in terms of five components, namely, curtailment due
to:

(1]

[2]
3]

[4]
[5]

Generation equipment failures and capacity
shortages .

Ioad forecast uncertainty : )
Positioning of transmission elements with respect
to generation and load )

Capacity limitation of transmission elements
Failure of transmission elements.

To date, the established generation system
reliability evaluation techniques (1) permit evaluation
of system load curtailments due to items [1] and [2]
above. Current development efforts in the area _of
composite system reliability appear to be conce'::ntrat}ng
largely on item [5] with implicit limited consideration
of items [3] and [4] under transmission failure
conditions. The explicit treatment of items [3] and
[4] is being addressed to some extent by the current
effort in the area of probabilistic load flow
techniques! However, at this time, these tech—
niques are mot being viewed as reliability techniques.

The purposes of this paper is to present a
modelling technique which allows unified evaluation of
all of the above load curtailment components. '[_‘he
implementation of the technique inwolves the following
steps:

Step 1: ) .
Computation of the joint probability density

function of power flows on all lines wi!—rh
recognition of optimal economic dispatch. ']:.'hlS
function is computed considering all the possﬂ?le
load and generation states under the assumption
of no transmission failures.
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Step 2:
Minimization or elimination of line overloads and

undervoltages present in the load flow states
computed in Step 1 as far as permitted by
generation rescheduling. This results in less
economical dispatches and thus in a fuel cost
penalty due to transmission limitations.
Step 3:
Computation of load curtailments for each of the
load flow states derived in Step 2 to eliminate
overloads and undervoltages which could not be
eliminated by further modification of generation
dispatch.
Step 4:
The load flow states derived in Step 3 would have
all flows and woltages at acceptable levels. The
further load curtailments and/or fuel cost
penalties which can be incurred as a result of
transmission failure, are computed in this step.
The above computational steps will be illustrated
below in details for a two area problem neglecting the
effects of underwoltages.

2.0 Computation of Probability Density
Function of Line Flows

The probability density function of the power
flows on transmission lines results from:
[a] The probability and capacity value of the states
in which the generation system can reside because
of unit failures

[b] The probability and value of the loads in the two
areas
[c] The probability of transmission line failures.

In this section, the computational algorithm will
be presented for a two-area problem assuming a single
load level and a completely reliable tie. The
recognition of multiple load levels and of tie
failures will be described in Sections 6.0 and 7.0.

2.1 Tllustration of the Concepts Used

Under the assumption of a single load level in
each of the two areas and a completely reliable tie,
various flows will exist with various probabilities as
a result of the states in which the generation in the
two areas will reside due to unit failures.

In a practical-size system the total number of all
the possible generating states is very large. For
exanple a generation system consisting of 50 units can
exist in 220 possible states. This assumes that the
units fail independently and that each can reside in
only two states, say, "up" and "down". Consequently,
computation of tie flow probabilities by explicit
enumeration of all the possible generating states
would result in computer time requirements far too
large to be practical. This is one of the major
difficulties in applying the probabilistic load flow
techniques based on Borkowska paper(2) to the solution
of large systems. This problem is resolved by
reducing the total number of all the possible
generation states into a smaller number of equivalent
ones.

Because the number of all the possible generation
states' is too large for explicit enumeration, the
state reduction process needs to be recursive as, for
example, the one used to build the capacity outage
probability table for the computation of the Loss of
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Ioad Probability (IOLP) index. The state reduction
algorithm consists of two main steps, namely:

[1] Compute partial load flow states by adding
units one at a time.

[2] After each unit addition, states whose load flow
values are equal or similar are combined. This
conbination proceeds until the maximum number of
states which can be handled is reached.

2.2 Computation of Partial Flows

A prerequisite to be able to compute correctly new
partial flows after each unit addition is that flows
need to be expressed as a linear combination of
generating unit loadings and of the load to be
supplied. It is easy to show that the DC
approximation to the AC load flow problem implies the
following linear relationship between line flows and
nodal real power injections.

[Fol = [H] [P] (1)
where:
[Fa] = vector of line real power
flows.
[H] = an exn matrix where e 1is the
number of lines and n is the

number of nodes. The element Hij
represents the flow in line i
due to a unity power injection at
node 1 with all other node
injections set to zero.

vector of nodal power injections
representing generation and load.

[P] =

From (1) it folliows that if:

»

[Pl = > Ip4] (2)
i=1

then

[Fel = [HI[Py] + [H] [Pyl + .. [H] [By] (3)

for any arbitrary value of [P;] and x. .

Equation (3) suggests how to proceed with the
calculation of partial flows after addition cf each
unit. This will now be illustrated with the two area
system shown in Figure 1l(a). The point_to be
illustrated is that the flow value associated with any
of the final generation states can be computed
correctly by superimposing partial flows computed
after each unit addition. The generation oi_f al}} the
possible generation states is illustrated in Figure
1(b) using a conditional probability tree. )

Figure 2(a) illustrates the computation of the tie
flow using final State I in Figure 1(b) as an example.
Figure 2(b) illustrates the computation of the same
flow by superposition of flows computed after each
unit addition. Note that economic dgspatgh has begn
recognized by adding the cheaper units fp:fst. Unit
power production cost was assumed lowest with Unit 1
and highest with Unit 3. . ]

Because of the economic dispatch, State I which
has more generation capacity available tl-lan the_load
requires, results in a single set of _unlt 19ad1ngs,
namely, 10 MW on Unit 1 and 6 Md on Unit 3, since any
other loading combination would be nore expensive.

In Figure 2(b), after addition of prut 1 in the up
state, there was insufficient generation to meet the
load. Therefore, before being able to golve the lo_ad
flow, load needs to be curtailed to achieve generation

load balance. The results shown were obtained
assuming that load would be curtailed in the two areas
in amounts proportional to the total loads in the
respective areas. For the particular final state I,
any other arbitrary load curtailment rule can be used
without affecting the final answer. The reason for
this is that State I has sufficient generation to meet
all of the load in both areas. However, for a final
state where there is not enough generation to meet all
of the load, such as State K in Figure 1(b), the
particular load curtailment rule used in the
computation would be reflected in the final flow. For
such states it is necessary to decide whether the load
cutting rule used is consistent with existing or
anticipated operating policies related to load
curtailment due to generation shortages. In general
any load curtailment operating policy related to
generation shortages can be adhered to only to the
extent permitted by the existing transmission
capabilities. Assuming here that transmission
limitations will never restrict application of any
given load curtailwent policy, then it can be shown
that computation after each unit addition can be ‘done
assuming a load curtailment rule which simplifies
computation. When the final flows are obtained, an
additional flow modification is made by superimposing
the flow resulting from a load injection vector which
when superimposed on the final load curtailments
computed, modifies these to be in accordance with the
desired load curtailment policy.

2.3 Algorithm for the Computation of the
Probability Density Function of Tie Flows

The computational steps involved are best

described with an example. The system to be solved is
illustrated in Figure 3 which gives all the relevant
data including the most economic unit loading
sequence. The results obtained at each computational
step following unit additions are given in Tables T
through VITI. These tables contain a description of
the generation states which are generated after each
unit addition. A generating State can be described in
a number of ways depending on the answers sought. For
example, in the capacity outage probability table for
LOLP computation, generation states are described in
terms of their capacity-on- outage values. In Table I
through VIII, the generation states are described in
terms of values relevant here, namely: tie flow FAB:
state probability P; unsupplied loads ULp and ULg; the
loading L and spare S on each of the units in the
state. Note that the latter information is not
required for the computation of tie flow
probabilities, but will be required for the
computation of fuel cost penalties as discussed in
Sections 3.0,

Table I gives the results obtained after adding
the cheapest unit, namely, Unit 1. State 1 in this
table results with Unit 1 down. The generating
capacity of this state is 0.0 MW and its probability
is the same as the probability of Unit 1 being in its
down state, namely, 0.1. Therefore the tie flow is
0.0 and the total original load remains unsupplied.

State 2 in Table I results with Unit 1 up. The
generating capacity of this state is 200 MW and its
probability is the same as the probability of Unit 1
being up, namely, 0.9. Therefore 200 MW of load can
be supplied with the 100 MW of load remaining unsup-
plied shared between Area A and B in the amounts of 60
MW and 40 MW respectively. Of the total 200 MW of
load supplied, 80 MW is in Area B. Since Unit 1 is in
Area A, this results in a tie flow of 80 MW towards B.

Table IT gives the results obtained after adding
Unit 2. Four new states are generated. Two are
obtained by combining Unit 2 in the down state with
the two partial states in Table
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" unsupplied loads.

1. Two more states are obtained by combining Unit 2
in the up state with the same two states in Table I.

It is moted that with Unit 2 down, the first twe
states in Table II are exactly the same as those in
Table I except for the probabilities. This is so
because Unit 2 in the down state has zero loadable
capacity, therefore resulting in a zero change in flow
and zero change in unsupplied load. The new state
probabilities are obtained by multiplying the
probabilities of the states in Table I with the
probability of Unit 2 being down.

With Unit 2 up, 150 MW additional loadable
capacity is available. Combination of this with State
1 in Table I results in State 3 in Table II. 1In this
state 60 MW of additional load can be supplied in Area
B and 90 MW of additional loads can be supplied in
Area A. As Unit 2 is in Area B, this results in a tie
flow change towards A of 90 MW. This added to the tie
flow value of State 1 in Table I results in a 90 MW
flow towards Area A. The supplied load change of 90
MW and 60 MW in Areas A and B respectively, when
superimposed on unsupplied loads of 180 MW in Area A
and 120 MW in Area B, results in remaining unsupplied
loads of 90 MW in Area A and 60 MW in Area B.
Combination of Unit 2 up with State 2 in Table I
results in State 4 in Table II. In this state only
100 MW capacity utilization of Unit 2 is possible
because that is all that is required to satisfy the
load which remains to be supplied. This results in
zero remaining unsupplied load in both areas, and in a
flow change of 60 MW towards Area A. This flow change
superimposed on the existing partial flow of 80 MW
towards Area B in State 2 in Table I, results in a new
flow of 20 MW towards Area B.

The mechanics of computation in processing
additional units in Tables III through VI is hoped rnow
to be clear. What remains to be explained is the
algorithm used to reduce the states to equivalent ones
to prevent their number to grow excessively. This is
done in the following two ways.

[1] By recognizing tie flow states which are not
affected by subsequent unit additions. As these
are therefore final states, they need not be
addressed in the remaining computation.

[2] By combining generation states which are equal
or sufficiently similar in terms of tie flows
and unsupplied loads.

Both of the above are illustrated below.

In Table II, State 4 has zero unsupplied load.
This means that any of the units as yet to be added,
when combined with this state would not be loaded even
if they were to be in their up state, as these units
have more expensive power production costs than the
units already loaded. Therefore, if State 4 in Table
II were to be left interacting with the remaining
Units 3 to 6. the states that would emanate from it
would all be the same in terms of line flows and
The combination of all these states
would result in a state exactly the same as State 4 in
Table II. Therefore this state can be extracted from
Table II and saved in Table VII. The states in this
table are combined with the final states obtained in
Table VI after adding the last unit, namely Unit 6.
As a result of this extraction, only the first 3
states in Table II are used in conjunction with Unit 3

to obtain Table IIX.
It is noted that State 5 in Table III,States7 and

10 in Table IV, and State 10 in Table V, are all final
states since they have zero unsupplied lcoad and are
removed as soon as encountered from subsequent
computation and stored in Table VII.

To illustrate the combination concepts used, it
was assumed that before addition of a next unit, the
states to be processed need to be six or less to
remain within acceptable computer requirements. In

Table IV, after extraction of States 7 and 10, there
are still 8 states remaining and accordingly, these
need to be reduced to 6 states or less. The reduction
is accomplished by combining state pairs labelled A,
B, and C in Table IV. It is roted that both states in
each pair are exactly the same in terms of tie flow
and unsupplied load, and this fact makes the
combination valid.

The combination of two equal states results in a
state equal in terms of Fpp, ULy and r and with a
probability which is the sum of the probabilities of
the two states. The equivalencing of the state
description in terms of loading and spare on units is
done by replacing these values by their weighted
average.

In Table V, again state reduction is required. In
this case no equal states are present. Therefore the
most closely similar states are selected. Three pairs
are selected and these are labelled A, B and C in
Table V. The validity of the combination basically
rests on the fact that if two equal states can be
combined, so can two which for practical purposes are
essentially equal. The final results obtained after
having added all the units are tabulated in Table
VIII.

3.0 Overload Minimization by Minimum Cost
Departure from Optimal Economic Dispatch

The results in Table VIII contain a number of
flows which exceed the maximum tie capacity of 80 MW.
Some component of these overloads are due to the
strict adherence to the optimal economic dispatch of
the units. These overload components need to be
eliminated before computing the load curtailments due
to the tie capacity as implied by tie overloads. This
is_‘. in accordance -with the operating policy that load
will rot be curtailed to adhere to optimal economic
dispatch.

The overloads in Table VIII which coexist with
larger than zero unsupplied load due to generation
cannot be minimized or eliminated by departing from
optimal economic dispatch. The reason for this is
that all generation capacity in the state resulting in
the overload is already fully loaded, and therefore
there is no spare capacity to permit rescheduling.
Accordingly, the overload in States 2, 13, 14 and 15
in Table VIII are not due to adherence to the optimal
economic dispatch. The overload in States 1 and 3,
however, can be eliminated by modifying unit
dispatch.

The unit loadings which results in the tie
overload for State 1 is recorded in correspondence
with this state on the right portion of Table VIII.
From this information it is noted that in State 1
Units 5 and 6 are not loaded, but have unloaded
capacity. As the overload is towards Area B, if
either or both of Units 5 and 6 are in Area B. the
overload can be decreased or eliminated depending on
the available unloaded capacity on these units.
Reference to Figure 3 shows that Unit 5 is in Area A
while Unit 6 ig in Area B. ‘Therefore, only Unit 6 can
be used to relieve the overload. It is clear that if
Unit 6 is loaded to 40 MW and Units 4 and 3 are
unloaded by an equal amount, the tie flow becomes 80
MW ar_ld therefore acceptable. The new flow and unit
'l(_)admgs rnow describing State 1 are given in Table TX.
Since Unit 6 is more expensive than Units 3 and a,
there will be an increase in fuel costs., These are
attributable to the tie capacity limitation. The
expression for the computation of these fuel costs
increase is given in Table TX.

Following a similar reasoning the overload for
State 3 in Table VIII is also eliminated again with an
increase in fuel costs. The modified State 3 and
resulting fuel costs increase are also given in Table
IX.



The summation of the fuel cost increases in Table
IX represents the restriction in terms of fuel costs
imposed by the tie capacity of 80 MW on the optimal
dispatch of the generating units. For the purpose of
simplifying the presentation of the concepts involved,
the above increase in fuel costs to eliminate
overloads was computed using the equivalent state
descriptions 'in terms of loading and spare on the
units as given in Table VIII. The use of these
equivalents introduces an error. Figurfe 4.0
illustrates the algorithm for accurate computation of
fuel cost penalties due to tie capacity for State 3 _in
Table VII. In the sample computation illustrated in
Tables I through VIII, States 2 and 3 in Table VII
were equivalenced and entered in Table VIII as State
1. The equivalencing was done after adding to thﬂase
states the units nmot as yet considered, namely, Units
4, 5 and 6 for State 2 and Units 5 and 6 for State 3.

The processing illustrated in Figure 4 woul‘d
proceed as follows. Following a unit addition, if
there is a final state with an overload, for example
State 7 in Table IV, this state is not stored in Table
VII but is processed as shown in Figure 4 and States M
and N in this figure would be stored instead in-Table
VII.

The fuel cost penalty incurred would be
accumulated in a separate table. The expression for
the fuel cost penalties due to States 2 and 3
processed as illustrated in Figure 4 is given below.
Comparison of this with that computed for State 1 in
Table IX shows the nature of the error which is made
by using state equivalents.

Bccurate Fuel Cost Increase for States 2 and 3 in
Table VII =

= (.0918) (T) [(40.0)Cg — (40.0)C3]
+ (.01458) (T) [(40.0)Cg — (40.0)C4]

where: T = study period in hours o
C; = production cost in $/Mwh for unit i.

4.0 Overload Minimization by Redistribution of
Unsupplied Inad Due to Generation

The remaining overloads in Table VIII, namely
States 2, 13, 14 and 15, cannot be relieved by
generation rescheduling as noted above. They can,
however, be relieved by modifying the policy relai;ed
to allocation of curtailment of load due to generation
insufficiency. The policy used in obtaining the
results in Table VIII assumed allocation of this
curtailment proportionally to the total area loads.
If it is assumed that this policy is applied within
the constraints imposed by tie limitation, then the
overloads of the above mentioned states can L'_:e
eliminated, or minimized. For example, overloa_d in
State 15 in Table VIII can be eliminated by curtailing
all of the unsupplied load due to generation in Area
A. This results in Ul = 100.0 MW, ULg = and 0.0 MW,
FAB =-80.0. Clearly, the tie capacity prevents the
"fair" treatment of the customers in the two areas.
Table XII gives the additional load curtailmer}t
burden, which the two areas have to bear due to tie
limitation which forces redistribution of load
curtailment due to generation shortage. .

Table X gives the results of Table VIII mpdlf ied
by minimizing the overloads as far as pos_‘.sm.le by
either generation rescheduling or by redistribution of
unsupplied load due to generation shortage.

Inad Curtailment due to
Tie Capacity Limitation

5.0

Table X now contains only one state with the_tie
overloaded, namely State 2. The only way to r'el:.eve
this overload is by curtailing 20.0 MW of load in Area

B. Of course this results in a 20 MW unloading of the
most expensive loaded generation in Area A.
Therefore, to relieve overload in State 2, Area B
suffers an additional load cut of 20.0 MW while Area A
experiences a fuel cost saving due to generation
unloading. The new State 2 is given in Table XI
together with the expression to compute the fuel cost
savings.

6.0 Recognition of Tie Line
Failure Probability

To illustrate how tie line failure probability can
be taken into account assume that the tie is made of
two circuits each with a maximum load carrying
capacity of 40 MW and each with failure probability of
0.01. Assuming independent failure behaviour of the
circuits the tie can exist in three different
transmission capacity states as follows:

State  State Transmission
Number Description Capacity in MW Probability
1 both circuits 80 0.9801
in—-service
2 either circuits 40 0.0198
out-of-service ’
3 both circuits 0 0.0001
out-of-service

If it is assumed that the generation and load
states are statistically independent of the tie
states, which is a good assumption, then each of the
three tie states can coexist with each of the load
flow states in Table X. The analysis is then done by
separately combining each of the three transmission
states with the states in Table X and combining the
results weighted by the probability of the tie state
occurring. Of course alternatively the computation
illustrated in Tables I through XIT can be done three
times: once taking the tie capacity to be 80 MW, once
taking the tie capacity to be 40 MW; and once taking
the tie capacity to be zero MW. The results would be
combined by weighting them by the probability of tie
capacity state used.

7.0 Modelling of Ioad and
Hydraulic Generation

The analysis illustrated above was done assuming a
single load level of 180 MW in Area A correlated with
a single load level of 120 MW in Area B. A
multi-level load model is straightforward to
implement. The loads in the two areas would be
represented as a series of correlated load level
pairs, each with an assigned probability of
occurrence. ‘The analysis illustrated above would be
repeated for each load level pair. Results from each
load level pair would be combined by weighting them by
the respective probability of cccurrence of the load
pair. The loads in the two areas could be considered
independent without any additional complexity.
However, such a load model is not considered realistic
and is therefore rot recommended.

The modelling of the hydraulic dgeneration is
complicated by the fact that the amount of water
fava;llil.able for generation cannot be considered
infinite. As a result, depending on how the water is
used, it can happen that at some times during a
typical day, although the hydraulic units are
operable, there would be no water to generate the
power. The technigue described above can easily
accept as input data the way in which the hydraulic
generation would be operated for the typical day used
for the analysis.

The load and hydraulic generation model is
illustrated in Figure 5. The analysis described in

zlSect-_ions 2.0 through 6.0 would be repeated for each of



the correlated set a through i in Figure 5. The
results obtained with each such set would be weighted
by the probability of the set occurring and combined.

8.0 Discussion of Results

With reference to Tables VIII through XII, the
technique presented here permits computation of:

1. Probability density function of tie flows for:

(a) generation dispatched in the most economical
way assuming that the tie imposes no
restrictions.

{b) generation dispatched in the most economical
way within the constraint imposed by tie line
capacity and assuming a perfectly reliable
tie.

(c) Same as in (b) but recognizing tie elements
failure probability.

2. Joint probability density function of load
curtailment in the two areas separated into the
following components:

(a) Due to generation failure probability.

(b) Due to inability to apply policy related to
load curtailment due to generation because of
tie restriction arising from its capacity
limitation and failure performance.

(c) Due to tie capacity limitation and failure
performance.

3. Restriction imposed by the tie on optimal economic
dispatch in terms of increased fuel costs.

4. Saving due to unused fuel as a result of load
curtailment due to the tie.

5. Joint probability density function of unit loading
with recognition of restrictions imposed on
optimal economic dispatch by tie capacity and
failure performance.

The usefulness of the above indices seems to be
obvious especially for the comparison of alternative
schemes for connecting two areas and will therefore
not be explicitly discussed.

One of the current problems in the area ot
composite system reliability is that the curtailment
due to generation and that due to transmission are
computed separately. Therefore, their combination
cannot be accomplished properly because:

{(a) Some of the curtailment due to generation
coexist with curtailment due to transmission.
If this coexistence is rot known the combination
to obtain a resultant probability density of
load curtailments cannot be done correctly.

(b) The distribution of load curtailments due to
generation needs to be done in accordance with
some operating policy. However, the application
of this policy is restricted by transmission
capabilities. Therefore, allocation to
individual load buses of load curtailment due to
generation shortage cannot be done without
knowledge of the load flow state coexistent with
generation shortages. The above of course also
applies to load curtailment due to transmission.

The technique presented in this paper resolves the
above problems by continually factoring into the
analysis the restriction imposed by the transmission.

The use of the concepts presented to compute the
joint probability density function of line flows was
not explicitly discussed, but should be easy to
visualize. For example for the problem solved, if the
tie is composed of two equal circuits fully reliable,
the flows on each circuit would be exactly half of
those computed in Table VIII. Thus, the Fpp column in
this table would be split into two columns, one tor
each of -the circuits in the tie. Table VIII then
would give the joint probability density function of
the flows in the first and second circuits, the

5

unsupplied load due to generation in the two areas,
and the loadings and spares on each of the units.

9.0 Extrapolation of the
Concepts Presented

The concepts illustrated above can be extrapolated
with no further conceptual complexity for the:

{a) Recognition of undervoltages in the computation
of load curtailments.

(b) Solution of the multi-area problem.

(c) Computation of fuel requirements with
recognition of the restriction imposed by
transmission limitations. The current
techniques for computation of fuel requirements,
essentially all based on reference (5) cannot
recognize transmission limitations.

Also, the technique presented can be modified to
compute the frequency and duration indices.

Work is now proceeding on developing the
algorithms for the above extrapolation, and the
results may be the subject of future papers. The
computational burden for the above extrapolations will
increase significantly, and, although it is expected
to remain within practical limits, its magnitude
remains as yet to be assessed.
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Ga [ GA = Generation in Area A in MW
Unit| C | P| Q Unit|C Pl a Gp = Generation in Area B in MW
1 10] .9l .1 Fap 2 7|.85].15 LA = Load in Area A in MW
3 | 181.8 {.2 Ly = Load in Area B in MW
I l C = Capacity of unit in MW
P = Probabili of unit i t
LA=12 LB=I+ ty in the up state
Q = Probability of unit in the down state

Minimal Cost Unit Loading Sequence: 1,2,3.

Fpp = Tie flow in MW, positive towards B

Figure 1 (a) - Sample system to illustrate
computation of partial flows.
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Figure 1 (b) - Conditional probability tree illustrating generation of all the possible states
for the units in Figure 1 (a).
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generation in either [ 0 3.5
area is zero resulting 0 =2 Load remaining

in zero flow change and unsupplied in area B.
no change in unsupplied up
lcad . Dol

0 _l4.5

Load remaining
unsupplied in area A.

Unit 1 is cheaper —

=
than unit 3, thus [10[0 [ 18 10018
unit 1 is loaded to 28 | .108
its full capacity 12 sl In this state unit 3 u ﬁ
of 10 MW and the izlo |F._ = provides 18 MW of adaifional
remaining 6 MW of

[o]

= . . - o
: = AB capacity. However, since al¥) 2.5 - 4.5
loads are supplied | O | o 2 only 6 'W of loads remain L6 | 0 |= -2
from unit 3. 4 unsupplied, unit 3 needs to [21-3
be loaded to only & MW and
Temains with 12 MW spare
unloaded capacity.

{a) Computation of the tie flow (b) Computation of tie flow by
using final generation state super position of flow
I in Figure 1. : changes after each unit
addition.

Figure 2 - Illustration of the computation of tie flows by superposition of partial flows computed after each unit addition.
The system solved is illustrated in Figure 1. For a two area problem, the tie flow can be computed directly once
the load and generation in each area is known. For the sake of generality, the computation can be done using
the expression [Fe]= [H][¥} 1in this problem this equation takes the form:

Fanl= [5 -5 15 -5]Fa | S 1y ©  where t = transpose

Two nodes for each area were used to permit explicit separate accounting of generation and load in the two areas.
Note that when there is insufficient generation to meet the load, the latter is assumed cut in the two areas in
proportion to the respective area loads.



o1rneapiy pue pewoT JO BUTTI®POW - & @anbrg

ruot3eIsULn

Aytriqeqozg T4 B 3 ° p

g oIy Ut |
uoT3IRIDUSD
oTTNRIPAH

K3TTTqeqead T 4 6 3 e p

¢ e8Iy UT
uoT3RIBUSD | .
oTTneIpAH

A3TTTqRqOId T 4

!

i

Ee]

_

g esay ut
sTeART peOT

A37TTqRqoxd T 4

—_-—

v eely
uF STeA?7 proT

-— - e

*IIA O1qel ul ¢ pue ¢ $873e35 103 JITT a1 profiano
203 yojedsTp oTWOUCH: TRWIjdo wEaj danjiedep JECO UNWTUTW
JO UOTQEUTWASSD 83RANDOE 10J WUITACBTE JO UOTIRAISNTLI - & aInbra

0°0T| 0*0¥% 0*0vf 0°09 | 0*0 | 0°0 | 0"0 | 0°D 0°0 | 0'00Z 0*a0 0°0 |BSFT0" | 0708

s 1 S b -1 1 s i 8 1 s 1
9 3iun g 31un ¥ 3tun £ 3740 2. 3tun T.3run v v
sbuTpeo] 3ful JO suaal Uy uofidiaosaq 83e3s n FE g d

‘ancqe 7 PAERS SE

aanl pessacoxd 89 pInOM 93838 STUT
95D YoNE Ul SOyl *peolasao 8yl
BAITTAL O3 pasn eg pTnom fdn uaym
‘BTUR @ BRIy U JTuUN pepEOTUN
IDUIOUE 23aM 81ayy IT 3IBYR OION

00| 0°00T( 00 0'0| o'0| 00| 0'0 |0°00Z| O'C 0*0 | SbSE00° Y 0TT
b 1 g 1 ] 1 S 1 ] 1 1
9 3Tun g _3Tun b 3tun £ 31un Z_3Tun I 3tun " " ay
sBUTPEOT 31U JO SWIAL UT ucTidjidssq 3e3s n n d d
£~ .IJV umog 0
0*0 {o0°00T 0'0 | 0'0 0*0| 0°0 |0°0 | 0°002 0°0 0°0|SzEet0” | 021
S 1 s 1 S q S L S 1 S 1
9 3jun g amn p ATUD £ 31un 2 31un 13m0 v v av
sbUTPROT Ul 3O SUIaL U uopdiidosad 83eas g} n d d

f3Toedeo 3TUn pepeorun sxedg
TeAsT butpeol 3Fup

g eeay ut pect petiddnsup

¥ e8ay uft peol petiddnsun

g 03 ¥ UoTiceITp
uf oAT3TS0d ‘MW UT MOTF OTI

MW UT g e8Iy uy perol
MW UT ¥ e8IY uT peOoT

23Ee3s umop
8Y3 UT 3TUR Fo AITTTIRqOI4

A3tTIqeqoad

93938 uot3jeisusk syz ST

STY3 ‘sSeTqel 2yl Ul 's3e3s
dn 8y3 ut 3Tun yo K3TTTIqeqozg
MW UT S3Tun jo A37oede)

£ P9Iy UT UOT3IeIausg

¥ B8Iy UT UOT3IRISUAD

NI DET

i n
H

u
=]

hl IIA @TqRL WOl f 23e3s

*IIX ybnoayy I saTEL UT pssn

escy3 se T[{em se =By STYY

Ut pasn sToquiis Sy3 seauTgep
pusbef ayg

*ILX ybnoaysy I
S9TgeRI, UT S3TNsSex ay3l ureaqe

03 pesn we3sAs go ucridraoseq - £ 8anbrg

vele 03 reuctixodoad

*speoT
iarna butizno pwol
-an_zum\ﬂ._ﬂ

:oouenbeas BUTPEOT 3TUf 3IS0) TRUTUTK
MW 08 = A3toede) oT] uMWTXeW

[l
U UU m

0z1 = 1
oz" |os" [og 9
s1* |se* |ost | ¢
o
o] d o} 31un
2]

08t = ¥

av z* | 8' |08 5
I T* | &' |ooT f
st* [sg' loot | €

T |76 |00z | T

“oR
| a 2 e

o




a—

GOE T 076800 ovo| c'salo'o ot (o0 o'oel o0 [ o'c | wsevo] ooor et
40 | 0°05/0°0 D70 | £LSE'OE | 0'0 | 0°0ST{0°0] Db*C [$ILT [TL5'Z | BOSEDO'| ¥TLTB- | TT
¢*0 | 0°08)0°0 0°0 | LSE*0E | 0'0 | 0°0 |0°0| 0°0 |¥IL°T9 |1L5°z6 | ZL9000°| 98Z'B | OF
0°0 | 0°05]0°0 o‘0| o0 |o‘o | o'ostjo'o| o' | o0'0¢| 009 |rOzOOO'| 0°0ZT-|6
00 | 0°05/0°0 o' m...o Z9|0'0 | 0'0 |0'0 69T°ST|5S6'€L ﬁmm.mm lzrzvoo'|svorop @
0*0 | 0°05| 00 00 0°0 [ 0'0 | 00 |00, D°0 g*poty 0°0ST , 9E0000'| 0QE- |L dn
00 _ 00 [pte oo | o'se|o0'0 |00 [e'o] o'ee| o's o'zt | 91zoe'| 02T |9
0'0 _o.a 0*0 070 | LSE*0S | 0'0 | 0°DST|C°0| 0°0 [¥IL'TZ | TLS*2€ | 2S6000*| pTL 16= |§
070 {00 {00 070 | LSE*OE | 0°0 | 0°0 (0°0| 0°0 {¥TL'T8 |TLS°TZT | 89T000'|982°8E |
00 uo.o 00 0°0 0'0 | 0'0 | D*DST|0'0| O'0 0'0% 0°06 Tmoooa. 0°06- (€
00 10 |00 0°0 | BLD"Z9 | 0'0 | 0"0 |0°0 |69T"GT|SS6°EF | €£€6°S9 | BSOTOO" mg oL |z
0'0 .00 {D°0 00 00 |0'0 | 0°0 |0'0| O°C | 0O'OZT] 0°08T [600000°) 0°Q T |useq
i
s 11 sl_1ls 1 s T § a1 gl 1 PEpp
NCE ERL) RN [T FAES LTI 1310 Fjun
857Ul U5 S6d5 pUe BUTPEOT 30 SUZAl Uy UOT3IA[10Saq a3wag UOFIRISeD & Yn a oy hnm ewmu l
i I |
(B)A A78¥I NI SAIVIS OL & LINQ 40 NOILIAGY ALY SALYLE
TA E184L
00| o0°08] 0°0 0*se | 0°0 | "0°S8| 0'0 | 0'0O |0'0| 0°CE| O0°8 ozt 8010 0°2TT| 58 (L)
o0 epT 4T 0°0 | sTz*8y | 0°0 |LSE*0E)| 0'0 | 0'QST{0°D| 0°0 [VIL'TE [LS'ZE | SLVOO'|PILTS-|S | (84)
o0/ erT"LT| 0°0 [5TE 8k | 070 |zsetoe| 0°0 | 0'0 |o*0| 0°0'[WTL'T8 [ILS°ZTT | ¥8O00T|98Z'BE |¥ | (94F)
p*0| 00 |ow0| oo |00l o0 |00 |o00stjoo| 00| 0°09 | 0°06 | §5200°| 0°06-|€ | (€}
00| TS5"6€| 0°0 | GTE'EL | 0°0 |8£0°z9 | 0'0 | 0'0 [0°'D[69T°ST|SS6"EV EE6'S9 | VESO0"|S0°9L |Z | (6+T)
ool 0% |o'c| o0 [o0w0]| o0 |o'0|o00 |00 00| 0otz | 0°08T |G¥0000'| 00 |T | (1)
8 1 gl 118 | g 1 g 11 s 1
9_3fu 3 IwhErl.IﬂLmPI. av P3Py
€3TUf U0 eJuds pUR DUTPEO] JO SUMAL U UOTIATIDSa] 8IW3E UOTIRASUSD 810 4 4 |'oN RIS
:zm_,ﬂﬁm
IIA FTEYE OL 0T SIVLS ONIAOW WALAY ANV
15 aNy ‘€ ‘v SYIVA AIVIS J0 NOIIYNIHWOO MELAY A E1EVI NI SHIVIS
(o1 @18V
070f [ 0°05 | 00 | POE'T9 | 0°0 | 9€9'8E| 0°0 | 0°0ST|0'0 | 0°0 0'0 |00 96YT0" (006~  OT |
0°0 [0'08|0°0 | ¥9E'T9 | 0°0 | 9€9"BE| 0'0 | 0°C |0°0 | 0°0 08y |0°2L | ¥9E00"|0°2L 6 |
0°0 |0'08 0°0| 0'¢ fo*0| 0°0 | 0°0 | 0'0sT{0'0 | 0'0 078z |0°2y | 20100 |0° 8= —8
0'0 |0'08|0'0| 0'¢e [o'0| 0°sa|0%0 | 0% [0°0 | 0°CE 0'8  |0°2T 80T0" [0°21T|c3y | L
0°0 [o0'08|0'0| 0'0 [0*0| ‘00 | 00| 0°C |0°0 | 0°0 0°88 |0°2€T | 8T000*|0°2ZE 9 dn
0"0 (0'0 | 0°0 | ¥9E'T9 |0°0 | 9€9°8E| 0°0 | 0°0ST(0°0 | 0°0 0°0z |0°0¢ ¥LEDO" | 0" 05~ ]
0°0 |0'0 |0'0|¥9E'19 |0*0 |9E9*eE| 0'0| 00 [0'0 | 0°0 99000° |0* 0V
0*0 |00 |00| o0'0 [o*0| o*c | 0%0| 0*esr{0'0 | 0°0 SS200" |0° 06~}
0°0 {0'0 |0'0| 0's8 {0°0| ©°58|0°0| 070 [0°D | 0"0E £200" [0°08 ]
0*0 |[0'0 |0'0 0‘0 [0*0| o0 [0%0| 0"0 [0%0| 00 5¥0000° [0°0 1| uwg
s 1 sl 1ls 1 s 1 sl 1 sl 1 | peppy
9_31un m £y Y._atun FRERL) FAEY) T 310 % gy, | 3tun
SITUN W0 °awdg puR BUTPROT JO swAal U uoTidiiDsad 23Elg UOTIRIED S| n d 4 paels % uﬂum
(@) AT FTEYEL NI SHIVELS ZHI OL § LINO 40 NOILIQAY ¥WALIV SRINIS
N E18YL
0°0 [ ¥9E°T9| 0°0 |9€9*sE| 0*0 | 0*0ST{0"0 | 0'0 0°0Z {0'0E LBT0"| 0%08~4 & (845)
0°0 | ¥9€° 13 0°0 [9€9°8E| 00 | 0°0 Q"0 | 00 0°08 |0'0ZT | €E£00° 00K | ¥ {9+p)
0°0| 070 [0%0 | 0°0 | 070 | 0'0ST/0%0 | 0°0 0°09 |0°06 |SLZT00°| 006+ € £
0°0| 0°S8|0°0 | 0°s8| 0°0 | 0*0 [0%0 | 0°0€ 0°0F {009 SET0° 0708 | 2 l6+2)
0'0f 0°0 |0"0 | 0*0 [ 0%0 | 0'0 |0%C | 0°0 0°02T |0*08T |S2Z000* 0%0 | T 9]
m 1 sl 1] g 1 g 1. sl 1 1
370 up) ¥y 3fu RIERT) Z_3Tup H 31ug o
Bﬁca [3) wummm FUTPeGT J0 SIaL UJ UOT3dTAo5eq 8awas UoTieasuss 810 a My paesd mﬂﬁ
Al orqer

IIA

aJ18vy

OL 0T aNV L S3IVLE ONTAOW MEIAY ANY
'D oNv E'Y SYIWA FIVIS 40 NOIIVNIGWOD W3I4¥ AT ET6VI NI SAIVLS

TeTAT a18vi

0v0s| 0'0g | 0'0 | o'oor| 0°0 | 0*0ST| 0% | 0'O 0'0 |0%0 |szossorjotoe~ ot
00 | a*oot| 0'0 | o'00T| 0‘c | 00 | 0%0| 0'O 070y | 0°08 |SLYTTO"|0°08 | —=6
0*0 | 0'oot| 0*0 | o'c {o0'0 | 0t0sT| 0*0| 0°0 0'0z | 0°0f |SLYTTO* [0°0S- ﬁlm
00 | 0voo1| 00 | 0'0 | o0 | 00 |o*ol| cooz | 070 |0%0 |szzero’|otoET|d £
070 | etoor) 0'0 | 00 |00 | 0@ |00 0'O 0°08 | 0°02T|S20z00° [0*0¥ |{[T9 dn
00 | 00 | 0*0 | e'oot| 0'o | 0'pst| 0’0 | 0'D 0toz | 00t |sezioo* |0 0sH|Lhs
0*0 | 00 | 070 | 0'001{ 0’0 | 0'0 | @€‘0| V'O 0'08 | 0*0ZT v
g*0 |00 | 00| o0 |00 0'0sT| 00} 0°O 0709 | 006 £
0o |0 {00 0o |oo|oo |o00f.00z |o00r |00 z
0o loe lowf oo lgoloo |owoloo Q10211 0 1 useg
s 9 s 7 s [ 1 511 g 11 8 1
9agun [ ¢ stun | p 3pun SRR FAE T I ST " ay. | oN | peppy
5TUl U0 axedg pUe DUTPEO] JO BUAS) UT Uojjdiicsaq 93ElS UOTIRILUDD m.._._.. 0 d 4 pieag Ul
JO a3e3g
IIA 919¥0 NI QIAWS ONV GIAOWES Nadd SVH
§ AIVIE HOTHM WOMJ III 3'T6VL OL ¢ LINN J0 NOLLIAQY HALAY SIIVLS
T @16l
o-est| 00| oo 0%z |0 szzeo'| 0054 9
00 | 00| o*ooz| 00 |0 sytvfotoey S
0o | 00| o0 0'08 |0 sLztofotow | b dn
o*ost| 0'0f o0 0'09 |0 seztofotoed €
00 | oo| o-ooz| oor [0 stozo'f0'08 | &
00 | oaf o0 0'0zrl o §2200' 00 I woq
s I T N
T el L B A N7 Y N L ton | pepev
83TUN WO 8Tl pue bufper] Jo SWIAT UT LOTIdIadsa] 83@3S UCTIRISuUeD m..E d mcm pIeas Jrun
30
2338
IIA TIEYL NI QHAVS (NY QEAOWEM NEIT SYH
P AIYLS HOIHM WOMZ IT T1GWL OL ¢ LINA IO NOILIGAY ¥ELIY SAINLS
TII Ei6eg
0705 0700 | 00 | G0 ]%8L'] 0702 v
00 0°0 0°09 |0'06 |sB0'|0%06d € dn
0°0 0°002 | 0°0¥ |0%08 | SET'| 0°08 7
0°0 00 0°0z1 | 0*oeT_| s10° | 00 1 wsog
O S 8 O I g1 5 11 7
RS L0] R 1) [ A ¥ ) FAEY L'y a0 au. | TN pepey
E37Un b 6a6d pov EUTEYS] 3o BUARL U USTIATIDEE] B3F35 LOTAVISUES 8| Y ¢| Wy leawas F7up
3o e3was
I @16y OL Z LINN J0 NOILIOUY HAIAY SILVIS
1T Z1avl
070 |0"00z | otor |0'09 | 6" |ovoa| 2 dn
00 | 670 00zt | 0'osT | T* |o*o wog
R O 0 2 - e [
§ 3T o |y ety 3 W . — o8| peppy
SITUN W0 9IWdg PR BUTPRO] Jo BULBL U LOTIOTIOESQ 93¢3§ UOTEIBUSD En| Y a! Ty loaeas aTen
Jo 83e38

T 1INA 30 NOILIAQY HALIY SILYLS

I 3Ta¥g




: . ; T 3TUn 103 uMW/$ UT 3800 T8ng = TD
¥0z00" : 0r g% ; 0oy St sancy ut potasd Apnas = g
1suoTessadKs oMY BACKR UT
50000 i 00T 0°0T "t
i 153 (002} - % (0°07)1(3) (po9g0D* } § =
H {§ 3tun yo buiprol o3 onp Buraeg) - (@swaaour DUIPEGT 9 JTUN JO 350D) = £ 33635 403 95RRIIUI 180D TANJ
808€00" PIL'T SOFLLT | £T
1
91z00* 0z ol 021 z
I £ (62752}~ ¥2 (T4°0T) - 9 (0°0p)] (2} {cL62et° )8 =
§ voxy v BoI § ©aiy ¥ gaay g voay ¥ veny (o) a)istezeiiter+oz) - (Yo} (a) (sLezel’ ) (TL ET) - (90)(2)(SL62LL" )(0p)s =
(¢ pue £ #3700 Jo BuypEOTUN oY enp Buraeg) - {@secaoul BUIpBOT 9 RTUMN Jo 180D) = [ 93NG 103 8SRaIDUT 380D TENg
Aaytod ButiRladQ y3pM BouRpacooy Kottod Bupiexadp .
ut ebelloys uoT3rIBUSD O3 anp|UITH DOUERPICOTY U BBEIACHS UOTIEIBUD ' H
UOTIBITWE]|  UANITTRIIN PROCT JO UOTAPOOTTV UO| O3 8np JUSW{PIAND PROT JO UOTIROOTIV 0'0T| O'0vj0'0Z | 0'0%] 0°0 0°58| 0°0 0°58)0°0 § 0'0 [0°0 | 9°0E |00 o0 p98000" £
A3TT1qRg0ad A3toedeplhatoede) o1L Aq pesoduy uoyioTaasey|uo Ajpoedes o Aq posodurt ueTIOTARMER | 11TA BTqeL| - ¥
815, U3 B8N0 MH| JO JINSEY ¥ £P eIy A} UD pPa0I0g J0 JINSTY B ST Se2Iy AU UC Padaoy woadf . 00 | 0°0p{ 0" | 00 [LE*T6 | 0'0 {62°9Z | 0°09) 0°0 | 0% 0"0 [ 0*00Z) 0"0 00 SLETET" T
UT JUOWTTe3anD PECT MY UY JUBWTTEIAND PROT UT 2SE83da] #W UT JuBWTe3IND PROT TEUOIATPRY| ‘ON ejeag . 1
8 11 'S g i} § 1 5 7 51 1 _
9 3Tun [ ":_.E | {) E 3 Z 31un T 3tun g v TIIA B[qeg
dI4 AHL S0 IOVINOHS ALIDVAYD Ol FTEVINEIHLLY INIWIIVINND QVOT 831U w0 21edg pue Buipeo] jo swIal UT UoTadTadEeq S1B3E UOTIEIsURD m n El woly eyeag ‘
TIX A16vL -
' TIIA @1OVL NI € PUR T SAIWLS 04 HOLVASIA DIMONODE ‘IVWLIAO
GHI WOMJ TMNINVATA 1SOD WOWINIW AR NOIZYNININE QYOTHIAQ 1L
YaW/$ UT T JTUn Jo 3sco uotzonpoad = T X1 218V
ganoy ur potaad Apmis =  azaym
(0*0z) (%2) (a) (97z00") & =
§37UN Jo Burpeorun o3 anp BujAes = 7 B3PI J0J eseaidaq 380) fang
0’0 1 0°0g 0'0 | 0'0| 0*0| 0% | 0*0| o'C |00 | o'ostjotol o0 0'0r | 0709 [¥OZODO'| 0'0ZT-| 6T
. 070 1070100 ) 0'0f 0'0f 00 (00| 00|00 |00sT/0*0] 00 | 0'09 | 006 |1soooo’| 0'0e-| b1
| 0°0 | 0°05) 0°0 |EPT*LT 00 ST2'8Y| 070 |£S€'05 | 0°0 | 0°0ST[0°0] ©0'0 |pTe*1 |1L6'z  |sossoot|pre'Te-| 1
i . . . 1 . ' x . . v . . f v It an 070 | 070§ 0°0 |EYILT 070 |STZ'8P| 0°0 (LSE'0E|0'0 | 0'0ST[0%0| ©0'0 |PTL°1z |1Ls'ze |zse000 |p1e To- 1
LR RO TOEI 000 DG || 01 | 010G 0cku 020 000 [000 | 0ies. | [0t o0 |omoo” | o'od k 0°0 | 0°08) 00 | 0°C| 00| 0'0 | 0'C| 00 }0'0 |00 |o*a] 0% 0°00T| 0°0ST |9€0000°| 0°0E=| TT
5 q 1| s 1 s g g ¥ ot 070 | 0°0 p9°L5)ZGE"6 BY9°0|GZI'TS| 00 |€25'86| 0°0 | 0'0ST/0%0] 0'0 00 0°0 [SB66L0°| 0°0E-| OT
g afun | 8 afin 7un mua_._m wﬁ:: ._uu%ll o G o wod Mm c.mm “.m mvu.u mc ﬂm.ww 0'0 M.Wn o.m W.a 0°0f 0°'0 ﬂm.nﬂ._. 0*081 | 600000" mo.M 6
BITUN W B U O BUIA] U UOTAd]a068Q 83838 UOTIEJeUss n a 3| e3e3s . 0 ! T°LT 0'0 |&12" 0°0 |£5€" 0’ ‘0 (070 0'0 |PTL*19 |TLS°Z6 |ZL9000'|98Z* 8
O BLRE e il 1 i 0'0r| D'0| 0'¥9) D*0 | 0706/ 0°'0 | 0"s8| 0'0 |0°0%| 0'oot|oto 0'00g 0°0 00 s9L'| o0'02 L
0°0 | 0°0]0'0 [EPT'LT om S12°er| 0°0 |LSE'0€ | 0°0 | 0'0 |0°0| 0'0 [PTL°T8 |TLS"Z2T |89T000° |992°8E 9
0°0 | 0°05 0°0 |T55'6€| 0'0 [STE'EL{ 0°0 |8L0°Z5 | 0°0 | 0'0 [0°0|69T°ST [5S6°6€¢ |€C6°SE | zLzbo0' |Sp0 0¥ s
¥ QTAYL NI Z 3IVLE ¥0J INSWTIVINND V0T A8 NOILYNIWITE AVOTYIA0 a1l 0°0 | 0°0 | 0'0 |TSS"6E[ 0'D [STC'CL| 0°0 |BLO'ZI | 0°0 | 0°0 |0°0|69T°ST kS6°ch |656°e0 | 950100° |cpo'ar | &
TR e 0'0E| 0°0Z) 0°0 | 008 0'0 | 0°S8| o*o0 | o'se|o00 |00 |00l o'0E| o'o 0°0 ¥9800* | 0'001| €
0°0 | 0*0 (0% | o0'08 0'0 | o'se| o*o| o0'ss|ot0 | 00 |o'o| o00E| o0°s 0T2T | 9T200"| 0'2ITI| 2
0°0%| G*0 [0°¥9| 00 |99°LL] TL'ET| 0'0 | 62'28|0'0 | 0'0 [0'0| o'o0z ©0°o 0°0 |SLEZET'| 0'02T| 1
g 11 g T 18§ 1.1 m T 5 T 8l 1
| 93%n [ ¢ 31ip b_afun £ 37u0 T 31un 1.3%un "ol | PePpPY
- Ein T SieE P BujbesT 70 SUAAE UT UojIdjaossg 93835 LOTIEAsuRD By | Vo a | ™ |ejeas| ayen
Jjo
v 2qe3s
0'0 fo0'0sf0*0 | ©0'0| 00| 00| 00| o0'C [0'O |0v0sT{0*0{ 0'0 | 0'0 07001 | ¥0Z000"| 0'08-| ST T
i ' » J o | 00| o0'0 [o0'0 [o0ostie*e| o' | ©'Os [ 0'00T| 1s0000°) o008~ 1
WW W.Mm w.m Q.@T WM ﬂm.Mq 0°0 [LSE'0E | 0D | 0°0ST|0'0| 0°0 | O'0D |S82'v | 80BEQO"| 0'08 T 830M0 ONIUNEDSIA NI SMOTE TAVH OL QIUATHONEM IA H1EVI NI BAINLS AHL S0Td
g 2 o : “gk| 0'0 '0E ] 0°0 0'0ST0°0( 0°0 WIL'TZ |TLS'2E | 2S6000°| PTL'TS-| 21
m“ m.mm m.m m...“.wd “m ﬂm.o m.o zm.mm 00 [o0'0 |o'0f o'0 | ovoot| o'ost|%c0000'| 0'0E-| 11 'OBNIENOD & ONV ¥ SNIVA HIIM IIA S7EVL RI SAIVIS @WL Auy Asanp 1SIINSTY TYNIL
0°0F | 00 (v LS ZSE'6 Br9°0v|SZ1°25| 0'0 |€zs°88| 0°D | 0*0st{0'0| 0'0 | 0'O 0'0 | s866L0°( 0'0E-{ o1
0*0 [o0jo*0) 0'0) 0°0f 00 00| 00 |00 [0'0 (00| 0°0 | 0'0zt] o'oet|ecoooot| o0 | 6 IITA 189G
0'0 | 0°08/ 070 | EPTLT[ 0%0 |[STZ"8¥| 0*0 |LSE"0E| 0°0 |00 |0*0| 00 [PTL°T9 |T25'%6 | ZL9000*|98z'8 | 8
0°0r | 0'0 | 0°v9 00| 0°06) ©0°0 | 0°s8] 0°0 | 0°0s| 0"00T|0°0| 0%00f O0'0 0'0 9L otoz | &
0'C [ 0°0[0%0 | EPT'LT| 0°0 [STZ*B¥| 0'0 |LSE°0E[ 00 [0°0 |0'0[ 00 [PIL'T® {TLS'ZZT | B9T000*| 9BZ°6E | §
0'0 | 0°05) 0*0 | TSST6E| 0°0 |STE'EL| 0°0 |940°29 0'0 | 0'0 |0°O|691°ST [96"EZ |EE6°SC | TLZVOO"| SPOT9F | §
0'0 |0'0]0%0 | TSS'6El 0°0 |STE'EL| 070 |8L0°Z9) 0°0 | 0°0 [0°0|69T°ST [S66°EY |EE6'SY | BIOTOO’| ShO*9L | +
0'0T | 0'0v 0°0z| ©0°09) 0°0| 0°S9| 0°0 | o*sef o0 |0*0 f0°0| o0'0E| 0°O 0'0 ¥9800'| 0708 | €
0'0 | 0'0 (00 008, 0°0 0*S8| 0°0 0°¢gf 0°0 | 00 00| o0"DE| 0'0Z 0’0 91200'} 0"00T ¢
0°0 | 0°0K 0°F¥S{ 0°0 |LE°T6| 0°0 [6z°92] o0°09| 0D |0'0 [0°0| 0'00g O0'0 0°0 | SL6ZET'| 008 | 1 0°0€ 0°05 |00 [¥9E°T9 |0'0[9€9'BE | 0°0 | 0'0ST|D'0 |0*0 0'0 00 96PT0'| 0°0E-| S 9
0°0§| 0'0S |0%0) 0'00T| 0'0D | 0"0ST{0'0 [0°0 0'0 0°0 | SZ0s90°| 0°0E-| ¥ v
[ L g 118 2 muca mu;a m:_.w 5 0°0 | o'00T f0*0f 00 |00 |00 |o'0 |0"00E| 0'O 0°0 | SZI0’| 0°'0ZT| € v
9_3740 FRETITI] b _3u0 EEN LT T T 117 O O e 1770 T 0ca| 0'00T{ 0'0 |C*o |o'0 [0°'00Z| 00 0°0 SLYTT'| 0'0ZT| T €
837Un O 8aedg pue BUTpROT JO sular Ut uoTIdTADES(] eWely uojaeasuoh f1n i 4 Ny bams 0'0s | o0oorjo'o |o0°0oz| 0'0 0'0 g9l ooz | T z
] 1 m [ 1 ]¢ 1 s 1 8 1 g 11
AJNRIDIAANENI NOIIWHENED O and _§ 37U S 3TUp ¥ _ITUn £ 3tug £.31un [N " - days
$}iUn o a1eds pue ButprOT JO RIS ul UOCTIA[IOES(] P3B3E uoTIEITULY m...5 n d 3 uuﬁm ¥l
g¥0T QAITddNSND 40 NOIIAGIMISIORY AS SQYCTHYAD DNIZIMININ AG GNY ﬁ.ﬁn
X1 ET6YL WOMA ASOHL HIIM £ ONY T SJIVIS DNIDVTIAY A€ ITIA E19VI WOMJ QINIVIEO §I ATAVY SIHL NOTIVINAWOD DNINNG GALOWYIXE SALYLS TYNIZ

X a1avL ITA 3T4VL



