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ABSTRACT

With' the increased loading and exploitation of the power transmission system, the problem of voltage
stability and voltage coliapse aftracts more and moras attention. A voitage collapse can take place in
systems or subsystems, and can appesr quite abruplly. Continuous monitoring of the system state is
required for the detection of vulnerable system states dus to voitage instability. This paper delemmines
the weak areas of Mid Delta zone of the Egyplian power system using the concept of Glavitch's indicator
L. for estimating the system state subject to the various causss of voltage siability problem.

1. INTRODUCTION

The voltage collapse problem may be simply explained by the inubility of the power system (o supply
the reaclive power required or by an sxcessive absomplion of reactive power by the system itself. A
voltage collapse can take plece in & system ora subsystem due to the following causes [4] :-
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1) sudden increase in load

2) sudden loss of generation

3) loss of transmission lines

4) loss of voltage control. G0
There are static and dynamic aspects involved in voltage stability [2,4). Static considerations reiate
voltage instability to the problems encountered when the system reaches a loading level beyond
. which a load flow solution no longer exists. While dynamic considerations relate to the modeling
of real system elements (such as automatic generation control of the unit, exciter, tap changer of
transformers, loads ..etc.).
The predication of voltage collapse under various contingencies, help to identify the critical location in
the system where countermeasures can be applied. Due to the nature of this voltage problem which
can appear quite abruptly, the methods which monitor the system state to predict the voltage instability
must be fast and accurate. The aim of any method used for evaluating the voitage stability problem
are in two points [2} :-
1) determine the critical loading condition (stability limit}.
2) devise a set of indicators, to check how far a given operating condition is from the stability limit

This paper presents the method devised to compute the indicator L and the implementation of this
method on the Mid Delta Zone of the Egyptian power system to identify its weak area at increased
load and transmission line outage contingencies,

2. MATHEMATICAL MODEL

This method is aimed for the detection of voltage instabilities using an indicator L. This indicator uses
information of normal load flow (static consideration).
The technique followed in this method is characterized by the development of an anaiytical tool to
assess the voltage stability of a two bus model. The definition of the bus indicators for such model is
extended to evaluate the voltage stability of a multi-bus system [1].

2.1 Two bus system model

Figure(1) shows a two bus modef, node 1 is a generator node, while node 2 is assumed to supply the
load whose voltage hehavior is of interest. The node voltage matrix equation for n-nede grid can be
written as -

[ =1Y1{v] (1}
where ; -

[1]1s node current vector
[Y] is admittance bus matrix
(V] is node voltage vectar
The properties of node 2 can be described in terms of the admittance matrix of the system as :-

—

Ya. V24 ¥n. Vi =12 =:-S_7‘- (2)°
' ' V1
where ;

S is the load complex power = ﬁ:.{.z

80, equation (2) can be written as ;
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Fig. (1) The two buses model

This relation can be used to define an indicator (L) as follow ;-

\ . Ve =l $2 . (3)
¥n N
Since at no-load condition ‘5—51 equal zero, and at stability imit V., is given by - "
1 -
Vh=t 9
‘{11

Then from equation (3) this indicator equals zero for no load condition, and equal one at stabifity imit
condition.

2.2 Generalization for n nodes

indicator {L). One is the load node which is characterized by the behavior of the PQ-node and the
other comprises the generator nodes which may be given by PV-nodes or by a stack node.
Assuming a linear transmission system, a hybrid matrix (H) can be used 1o represent the multi-node

sysiem as follows [1] :-
=
wl Mool

ofmif-
where

N1, Vector of voltage and current it load nodes.

(5)

Varlg Vector of voltage and cument at geherator nodes
9

Ly By
Kma\{m

The Humatrix is generated from the Yematrix by a pantial inversion. For any PQ-node j, (j €. , ) the
equation of \l! tah bie written as ;-

Sub matrices of the H.matrix

W= Dh 0+ z*ss. 3 (8)

YRy,
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where -

Wy, Ny the set of load and generator nodes sespectively.
Muitiplying eq., {6} by \_I; then,

—

Y S,
\'j'l‘\fq V1=-:
X3
where -
Vo=~ %.%
ey
=
Lz

)
¥ = the power of the nods |
a'“ = the effect loads of the other nodes on the J-node

N AL M
R =[Z :—;-%—J-V;
vy Loy N

A local indicator L for each node jcan be given using equation 3eas:
Z ?; . ‘G‘.
AERg

=N\~ == 8
3, (8)

1 =*\+-‘E~
Ny

For stable situation the condition 1_.1 {1 must not be viclated for any of nodes . Hence a global
indicator L describing the stability of the complete subsystem is given by :-

THS
L= MAR —‘ﬂ‘“ﬁx (9)

Thus the Important outcome of the presented theory is L < 1 for voltage stability to be guaranteed.
This indicator L is a quantitative measure for the estimation of the distance of the actual state of the
system from the stability limit. The actual "i..]l permits the determination of those nodes from which a
collapse may originate,
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3. THE D OPED PR

The program is written in FORTRAN 77 using the stated’ algorithm 10 evaluate the system voltage
stability conditions. The developed program has the following steps :-
1) Load flow by Newton Raphson technique for solving the following cases [5,6] :-
)Tmsysmnoonﬁguratbnandbadrmdedmﬁdmrﬂmmmmday
maximum night and minimum day periods are taken as basic system conditions.
i) Contingency cases such as -
a) change in certain koad bus
b) line cutage
2) After solving the load fiow problem, prooedmeofmlmlahngmevoﬂagembﬁdymdaesbaghsas
followss :-
i) rearrange the bus numbers beginning with load buses followed by generation buses.
iymodify the Y-matiix to coincide with the new
i) calculate the H-matix from the modified Y-matrix by partial inversion method .
iv) calculate the individual bus indicators L; and then the global system indicator L.
v) based on the individual bus indicators, weak node in the network is identified as follows -
ajthe experience has shown that a threshold of 0.20 can be considered as the crilical value for
the indicator L [4,7].
b} if the computed indicator of any load node exceeds this critical value, then this node is
considered as a weak node .

4. A SIMULATION STUDY

Initially, the developed program has been tested using the two bus model, given in Fig {1). Also the

definition of the bus indicators of this model is extended to evaluate the voltage stability of the Mid
Detlta Zone 220 KV network as a multi-bus system. The Mid Delta network consists of 15-220 KV buses
of which S-generaing buses and 34-overhead transmission lines as shown in Fig.(2). The data of
the Mid Delta Zone network is given in reference [3] . The network configuration and load recorded on
25 January 1994 during the periods of maximum evening, maximum day and minimum day are taken as
base case for the study. Tablas (1-a,b & c) give the network ioad and generation data at these periods.

5. TEST RESULTS OF TWO-BUS MODEL

The iad at node 2 has been increased in equal steps up o the stability limit value of the node, and
the comresponding indicator L of each load is found, Figure (3) ilustrates bus 2 voltage and its indicator
L st various load conditions. The bus 2 load is taken as p.u. of the stability limit load value, with
constant power factor (0.8 lng). The figure shows that the indicator L equals one &t stability limit load
of bus (2) and equals zero for no load conditions, This result agrees with the theoretical results in
literature [4]. Alsb, & can be seen that the value of the indicator varies belween zero and one within
which the wvollege stability degree of the system can be measured. Fig (4) shows the relationship
between the active and reactive power of node 2 for a set of L values. The value of L varies from 0.2 to
1.0 with o step = 0.2 . Rcan be seen that for each value of L the P-Q characteristics is in elfiptic
form. The two diagonals of the elliptic are being increased with increasing the indicator valus, this
expressas the degree of volinge instability.

6 TEST RESULTS OF 220 Kv. WMID DELTA ZONE NETWORK

The developed program is used to identily the weak areas in the 220 kv Mid Delta zone network from
voltage stebility point of view .The following types of contingencies have been studied for this
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i) The load at each P-Q bus is changed in steps up to the steady state stability fimit value of
this bus.

i) The effect of the outage of all double lines cne at a time.
iii} The effect of the outage of all single lines one at a time.

The state of the network is monitored and weak areas in the netWork for each type of contingencies are
identified.

6.1 EFFECT OF INCREASING THE LOAD ON A BUS

in this case the maximum evening load on 25/1/1894 is selected as a base load. Table (1.a) illustrates the
system data of this period. The effect of increasing the load at each bus on the voltage stability has been
investigated, In this casae the load of a single bus is increased in steps to its stability load limit without
changing its power factor and keeping the loads of other buses constant. Thus, the voltage indicator of
aill buses is obtained for each load change of the bus under consideration.
From the slmulation study numerous results are obtained and summarized in table (2) . All P-Q buses

had been tested , but only three nodes are selected as an example for illustrating the results. These tasted
nodes are 4, 7 and 14.

Figure {S-a) shows the voitage and voltage indicator profile of node 4 with increasing its load. The stability
voitage indicator of node 4 reaches the critical value at a load 545 MW and the voltage is equal to 0.83 pu.

Figure (5-b) illustrates the trend of voltage indicators of the nodes which are not having a significant effect
by increasing the load of noda 4 . It can be seen from the figure that nodes 8,14,15 and 7 are reaching in
order the critical voitage indicator limit at a large load value of node 4. The values of these ioads are
800,820,925 and 1180 MW respectively as given in Table(2). Also, figure (5-b) shows that nodes 3 and 2

are not reaching the critical limit of the voltage indicator, although the ioad of node 4 reaches the stability
limit

From figure (5-¢c) and table (2) it can be seen that, nodes 12,11,13,4,5,9 and 10 are forming a group of
nodes, reaching the critical limit value of voltage indicator, at lower ioad value of node 4, compared to the
group stated in figure (5-b). These nodes reach the critical limit when the load at node 4 is equal to
300,400,435,485,545,550,560 and 580 MW respectively. Thus, nodes 12,11,13 and 6 reach the critical
limit of voltage indicator before node 4 itseif. This means that, increasing of load at node 4 has a stronger

effect on substations 12,11,13 and 6 in order. These nedes forming the weakest voltage area from node 4

load point of view.

The study shows that, to maintain a stable voltage within the network, the load of node 4 should be kept

less than 390 MW instead of 545 MW.

Figure (B-a) and (6-b) iflustrate the voltage indicator profile with increasing the load of node 7. From figure

(8) and table (2) the following can be concluded :-

- The voltage indicator of node 7 reaches the critical limit at 440 MW,

- Nodes 13 and 5 voltage indicator reach the critical limit at load 620 and 760 MW respectively.

- The voltage indicator of nodes 4,14,15,3 and 2 do not reach the limit value as a consequence of
increasing the lcad of node 7 to its stability limit These nodes form the stable voltage area from noda
7 load point of view as shown in Figure (6-a).

- Figura (6-b) shows that the affected nodes as a consequence of increasing the load of node 7 are
8,7.11,9,12,10 and 6§ in descended order, Table (2) shows that the voltage indicator of node 8 reaches
the critical limit befora node 7. As a result, the operator should limit the load of node 7 at a vailue less
than 390 MW instead 440 MW, to ensure the voltage stability of the network.

The trajectories of stability voltage indicator of all buses at different load of substation 14 are shown in

figures (7-a) and (7-b). The voltage indicator of node 14 reaches the critical limit value at load 420 MW as

given in table {2). In figure (7-b) the voitage indicator of nodes 7,8,3 and 2 are not affected by increasing
the load of node 14 to the stability limit ioad value. While nodes 12,11,8,5,9,10 and 4 are reaching the
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critical limit value of the voltage Indicator at load 693,720,785,880,890 and 1000 MW as stated in tabis (2).

These nodes can be considered as stable voltage nodes with respect to node 14 load.

Figure (7-b) shows the voitage indicator of the nodes that has been affected strongly by increasing the ;

load of node 14. It can be seen that, the behavior of the voltage indicator profile of node 13,14 and 15 is

mostly the same one. The voltage indicators of these nodes reach to the critical limit vaiue at load 385,420 )
and 460 MW respectively as shown in the figure and table (2). These nodes are representing a weak

voltage area with respect to node 14 load. Also, the load limit of node 14 should be 385 MW instead of 420

MW,

Table{Z} The summery results of increasing node load case

The load of node under study in MW at wiich the voltage indjcator {
Node under study of other nodes reach to the crifical valne (L =0.7)

Node [Base [PF [1 2 [3 [4 [5 [6 [7 8 [9 [w [u 1z |3 J14a [15
No |load |lag -

1

2

3

4 [ 128 [080 [— |[— |— 545 |55 485 [1160[800 /560 |580 [400 [390 [435 [820 | 925
5 |15 [080 [~ | = | — {645 |555 [490 | 1050|770 [555 [580 |410 [ 400 [445 {800 | 830
6 [120 {082 [— |— |— {620 [550 |320 [640 [460 [350 [375 [330 [335 [420 [735 [790
7 81 |08 [— {—|— | — 1760 [3580 [440 |[390 [480 [540 |475 [485 [620 | — [—
8 |11 [078|— |— [— |- [840 [520 [515 [390 [440 [#90 [425 [4a5 [715 [— |—
9 87 1083 |— [— |— [660 |500 [345 | 540 [375 [285 [310 [200 {260 [472 [760 | —
160|102 |095 [~ [— [|— |705 |615 |360 |590 {425 [320 [300 [255 |275 {508 | — [—
11 117 {080 {— |— |-— | |485 |315 {500 |385 [300 [285 [215 [225 {417 [— |— |l
12 84 1076 | — [-— [— 1640 |590 [415 [660 |485 [395 [355 [230 l195 [480 [— |— |
13 |340 (099 — [-— |— 1000945 860 | — [-— [930 [960 |760 |770 | 500 |670 | 750
14 1175 091 |~— |-— [— [950 1880 |785S |— |— [890 [920 [720 | 693 |365 |420 | 460
15 (324 (092 [~ [— | — [— |— [840 [ [ — [— |— [ 775 | 765 [490 |540 | 540

6.2 EFFECT OF LINE QUTAGES

In this case the effect of the outages of all double lines one at a time and single fine one at a time on the
voltage stability during the three periods; maximum evening, maximum day and minimum day have
been investigated. Tables (3 - 7) illustrate the double line outage cases which are causing voitage

instability. In these tables the weak node is marked with (%). From these tables the following can be
Hustrated -

&) during maximum evening :-
- when the double lines betweenbus 1 and bus 7 are taken out of servica the power flow did not
converge, indicating voltage instability {voltage collapse).
- when the two lines between bus 5 and & are taken out of service, the weak nodes are
6,8,9,10,11,12 as shown in table (3).
- when the two lines between bus 7 and 8 are taken out of sarvice, tha weak nodes are
5,6,8,9,10,11,12 as given in Table (4).
b) during meximum day :-
= whaen the double lines between bus 1 and 7 are taken out of service, the weak nodes are
6,7,8,0,10,11,12 as given in Tabie (5).
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- when the two line between bus 7 and 8 are taken out of service, the weak nodes are 6,8,9,10,11,12
21 illustrated in Table (8)..
v} during minimum day :- :
- when the double lines between bus 1 and 7 are taken out of service, the weak nodes are 7,8 as
si1own in Table (7).

o, it can be concluded that , substation 7 is the weakest location in the network from the double line
wwilching off, point of view. Consequently, the operator should re-configure the network before switching
sfi o giving @ permit to work for maintenance of any line in this substation.

In the case of single line outage the study shows that, there is no voltage instability recorded, due to the
outage of any single fine in the network, for all three load periods.

7. CONCLUSIONS

Extensive contingencies Investigation have been carried out to develop a view on the voltage instability
problem on Mid Deita Zone network. Based on this study, a number of general conclusions ¢can be drawn
as follows:-

- The developed program is a useful tool to identify the weak voltage nodes and the load limit of
each node so, the operator can ensure a stable voltage level within the network.

- Maintenance and dispatcher engineers should give much attention to the network, when .
there is planning for any line outage in substation 7 .

- The developed program can be used to obtain the guide lines for the operation and maintenance
strategy.

- The concept of identifying the weak area in a system by the develope}.i program is very useful to
which this area can be analyzed in more detail, rather than ali system, this concept saves time and
simple in analysis.

- In case of load change, results show that the margin of a voltage instability for the realistic
system is large in operation mode. But in planning mode with the same configuration of this
network, this problem must be taken into account
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Table (1 ad Sysiem data al maximum evening perlod

E.44

aus  BuS ra aa L av QMIN AMAX
L] TYPE i Th ] IMVARY v VAR (VAR
1 SLACK (090, 303 Md. 103 8. 000 17, €00
2 ra . 000 . 000 23, ODO 57. 000
3 PG . 00O . 000 55. 000 36. 000
& ra oo . 000 128, GO0 o4. 000
E] PV T30, Q00 a4, 7ta 154, 0DOC 14i, 000 . OO0 430, 000
o ra 0o . 004 120. 00O, 82. 000
7 ro . 000 . 0o §1. DOO 3d, 0006
[ Fo. 000 . 00a i78. 00Q 180. 000
v ra . 000 . 000 97, pOO 58, 00D
.10 . PV . 000 60, 000 102, ¢<0 3. 000 . GO0 0. 000
It PG 000 . 000 17, aoo 7. ODO
iz ra . 000 . 004 84. 000 -70. 000
13 ra . 000 . 000 940. GO0 3. 000
14 P . 000 . oo 175, OO0 76, 000
(s rv 440,000 143,405 424. 000  140. 00 . 000 $30. oon
Tahle (L b} Sysiem data at maxdmum day pericd
BUS  BUS rg aa L aL aMI¥ axAx ]
HO TYFE M) DY AR Wy MY AR) HYAR) LV AR
i SLACK 1040 784 138, 102 . 600 12. 750
2 ra . 000 . o0o 2. 190 42, 750
3 P . 000 . 0G0 44, 290 27. 000 |
4 PO, 600 . 0G0 0d. GO0 70. 300 I
5 4% 412, 300 176. 222 Uz, ooa 9. 290 , 00D 30, GO0
I [ . oDO . 00D PO, 0ODO 1. 300 '
7 ra ooo . 00O S0, TIO 1 41000 |
[ ra . 00 . 000 133, 500 104. 230
0 ra . 000 . 000 o3, 290 43. 500
0 PV . 000 60. 000 74. 500 3. 750 . ook 30, 0oa
" ra . 000 . 000 7, 750 <5, 250
iz ra . 00Q . ovo 3. o0 -52. 300
13 rQ . 000 . DOO 25%. 000 23, 280
I Pa, . 000 . 000 154, 250 57. 000
13 3 103, 000 20%. G020 243. 00O 103 000 . 000 330, 000
Table C1.¢) System data at minlmum day perlod
BUR  BUS PO ag PL. oL QMIH GMAX
) TYFE o) VAR v VAR VAR tval
% BLACK 893, B4p 76, vl 14. p0O 10, 200
2 ra . 000 . 000 40, 800 34. 2000
] ra . 000 . 00a 93, 00O 1. abo
& ra L1 . 00Q 74, 800 54, 400 J
H] PV 280, 000 @8, 920 ©3. ana d. S0 . 00O a5a.
8 ra . 000 . 000 72, 00O ip, 200
? PO . 000 . 00e 48, g0 23, doO
[ ro . 009 . OBO 100, OO 3. 400
° ra 00 . 000 52, 200 84, 300
10 v . 00Q 60, 400 81, 200 3. 000 . 00O 40, 9
11 ra . 000 . o00 70, 00 32, 200
It Pa . 600 . 000 80, 400 -41. 000
19 ra . 00Q . 000 T04. 00C 18, 000
14 ra . ava . ooa 109, oaa 43, 00 .
Ji Py 84,000 IS 654 iD4, 400 B4, OOO ,000 390, 004!
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12 13

Fig{2) The single fine diagram of ]
220 Kv. Mid Deita Zona network

Indicator L, Voltoge V {pu) of node 2
00

12.00
10.00
Q.80 1
a 8.00 3
0.80 5 ]
2 6.00
0699 Indicator g ]
bk Voltage & v
' 2 4

0.40 g M3
g b
9 ]
A & 200
020 F === mmmm o ]
G 0.00
]

th ITTII_l‘Iﬂ TTTHYTT I IsIrIIr YT ATy Ty rfrrrrr T "2-00 v L r B . & T . = L

oda 020 040k om0 0 -600  -300 o0do 3l | ek
Nods 2 load P.U Active power pu,
Fig (3) The relation betwesn the : Fig (4) Indicator L in the ¢omplex S; =plone

the load of node 2 with it's voltaE

8
and the stabillty voitage indlcator(L).
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indicotar L. Voltage V {pu) of node ¢ Indicotor L
1.00 ———‘] 1.060
.
; cese8 node 4
0.80 0.80 0980 node
] ] sirtrid nOde
] - 44049 node
] ] {rivirir node
0.60 ] 0.60 1 ++++ node
] geae8 Indicator 1 whenk node 2
; wirix Yoltoge 3
1 :
0.40 1 0.40 3
3 eritical limit ~ Jeritical fimit
0.20 3 .20 3
]
0.00 T T T T TTFr |||1—r|rl1_‘ 0.m —TrfrrrTr 1T rrrrrrr T T Ll I A B
120 520 920 1320 120 520 a0’ 1320
P(MW) P(MW)

Fig E5.a The relation between the
the lood of node 4 with it's voitage
ond the voltage indicator(L}.

Indicator L

1.00

fig {(5.0) Voltage indicator of stable
nodea with increosing the load of node 4.

Indicator L
1.00
1
]
1 cesesnode 7
0.80 3 9606€9 node
] &éadd node
3 40640 node
it node
0.60 +-H+ node
] *K node
] *atek node
0.40
]
] eritleat fimit s
0.20 1 &

0.% B e B 2 59 L I L TTrTTTI T o1Y uvw —IT"TT"'IFI’”T‘"U Ilr‘rrrl"l‘r%ﬁrrtrr(?'r—rrrrrlu
120 520 920 " 1320 80 180 480 680 880 . 1080

. P{MW)
fig (5.c) Voltage indicator of nodes -offected Fig (6.0) Voltage indicotor of stable

by inreasing the lood of node 4.

P(MW)

_nodes with increasing the load of nade 7.
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Indicator L Indicator L
1.00 - 1,00 5 .
] 5 ]
] ; GBS8EA node 14 ;
] 3069 node 8 ]  ©®e8dnode 12
0.80 28869 nods 7 0.80 3 &iddh node 11
] ] 40044 node 8
3 ik node 5
. +++ node § .
oo % st node 10
i »bet node 4
1 wesut noge 7
1 *o04¢ node 8
] LACPA node 3
0.40
]
::] critical fimil
0.20
0.00 (ARBEER TIATIFIT ITTITTTY TIFTTIIT T s TIT3TT r Om 15 Y
80 280 480 680 880 1080 170 370 570 770 970 1170
PJMW) PMW)
Fig (6.5) Voltage indicator of nodes :gffecte Fig (7.a) voltage indicator of stable
by inreasing the load of node 7. nodes ‘with increasing the load. of node 14,
indigater |
I
o0 ] |I Nods | Indicator before! Indicator after
i N No, outage outage
1
2 .0049 0049
0.80 1 3 0107 0106
] 4 0090 .0090
3 f :
] i ] 09353 37T
0.60 ; 7 0938 1768
3 1 8 N2k 2431
] |I 9 1317 3367
] ' 10 1467 3378*
0.40 5 II 11 1567 S126™
] i 12 .1367 2641+
1 .. . \ 13 1034 1034
3crdmc\l fimit : 14 0435 0435
0.20 ‘ a2
)
]
\
g I
0.00 L L R R N A g S AR R lTlullrrf M(S)ThvnagnmtwultMnM
17030 S0 70 eh 10 subetations before and after the owtage
P(MW) of tis nas bebwean substation 5 ond &
Surirg meXimum everning periods,

Fig (7b) Voltage indicator of nodes Qffected
by increasing the load of node 14,
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Node | Indicator before| Indicator after Node | Indicator before| indicator after
No, outage outags No. outage outage
1 1
2 0049 L0141 2 .0036 0100
3 0107 0512 3 0080 .0358
4 0020 1874 4 0068 1253
5 2497 5 1431 N
6 0953 4973 6 0684 086"
7 0936 0236 7 0671 S179*
8 1223 8122* 8 0873 S044*
9 4317 .6508* 9 0940 .3994*
10 1462 .6541* 10 1044 3094*
11 1567 6411 11 1121 .3892*
12 1367 5585* 12 0987 3452
13 .1034 2128* 13 0761 1461
14 0435 0798 14 0322 0565
15 15
Table { 4) The vokage indicator of the network Tabla ( 5) The vokage indicator of the network
amialioru before and after the outage substations before and after the autage
of Ye fines between substation 7 and 8 of tie Bnes between substatlon 1 and 7
during maximum evening perods. during meadmum day periods.

Node | Indicator before | Indicator after Node | indicator before| Indicator after
No. outage outage No. outage outage
1
1
2 0036 L0088 2 0029 0029
3 0080 0304 3 0063 0063
4 0068 0997 4 0054 0054
5 1140 5
6 0684 2382 6 0531 .1049
7 0671 0175 7 0521 26T
3 0873 58T 8 0675 2191*
9 0940 3018* 9 0727 .1593
10 1044 3062* . 10 ~ 0809 1600
11 1121 3031* i1 0870 1549
12 0987 2725* 12 0T 1297
13 0761 - 1313 13 0602 0602
14 0322 0515 14 L0255 0256
15 15
Tabie { @) Tha voitzge Indicalor of the network Tabie { 7 ) The voltage Indicator of the network
substations before and after the outage and.m:ildauthc y
of tie Inas betwesn substation 7 and 8 of tie Ines batwesn ton 1 and 7

during mavimum day periods. . during minkrum day pariods.



