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Abstract— Proper installation of sectionalizing switches indistribution system can improve system reliahility
Subjective placement of sectionalizing switcheddcéead to underinvestment which, although lessabd¢, can
produce unacceptable load point failures or to dweestment which, although more reliable, is unecoit.
Therefore, placement of sectionalizing switcheaughbe judiciously determined to provide the baklmetween the
utility’s cost and the customers’ outage cost. Thizblem falls into a class of combinatorial optiation which can be
efficiently solved by a genetic algorithm. The dgienalgorithm is used to search for the numberwitehes and their
locations. Reliability cost/worth analysis is theerformed to calculate the customer’s outage cbisé methodology is
illustrated by a subdistribution network of ProvialcElectricity Authority (PEA) of Thailand, whicbonsists of 2
primary feeders and 26 load points.

Keywords— Distribution system reliability, Genetic algorithm, Sectionalizing switches, Service restoration.

placement in distribution system and optimal power
1. INTRODUCTION flow. With the genetic algorithm and reliability
cost/worth analysis, the optimal placement of
sectionalizing devices can be obtained providing th
lowest total cost that is the sum of investmentt,cos
maintenance cost and customer outage cost. The
methodology is illustrated by a subdistributionwatk
of Provincial Electricity Authority (PEA), which csists
of 2 primary feeders and 26 load points.

Reliability in a distribution system, which transfe
electrical energy from transmission systems to @set-
customers, can be improved by the installation of
sectionalizing switches. A sectionalizing switch as
device that isolates a faulted part from the systerthat
the healthy part can still be electrically supplatd the
interruption duration is minimized. Switch placernen
plays an important role_ in _a_utomate_d distribution 2 GENETIC ALGORITHM
network, where the sectionalizing switches can be
remotely activated. The genetic algorithm (GA) is a stochastic search
Utilities normally employ past experience, customer technique based on the principles of genetics aaral
data, and other consideration for the appropriateber  selection [2]. The GA operates on populations that
of switches and their locations. Subjective placeinuf consist of a number of individuals. The initial pigttion
sectionalizing switches would, however, lead to is randomly generated. Each individual is then eafaid
underinvestment and therefore low reliability fdret to obtain a measure of its fitness in terms ofdabjective
customers. On the other hand, although high rdiigbit function to be optimized. The algorithm allows a
would lead to uneconomic owing to the utility’'s population composed of many individuals to evolye b
increased investment for the installation coststlod two basic operators crossover and mutation. The
switches, which are quite significant as indicabgd1]. crossover operator creates new individual by comgin
Therefore, the evaluation of the costs associat#él w substrings from the parent individuals. The mutatio
different placements and the corresponding religbil operator creates a new individual by changing ramylo
worth associated with the differences should beselected bits in its coding. The genetic algorithm
judiciously determined. employed in this paper is based on the following te
The solution to the problem presented in this paper steps [3].
based on a genetic algorithm and reliability costttv
analysis. Genetic algorithms are stochastic opttion
techniques that have a large number of applications ] S ]
including power system areas, for example optimaIStep 2. Evaluate the fitness of each individual in

reconfiguration distribution networks, optimal cajpar population 2 to find the best fitness of
population 2. The fitness is calculated from the

objective function.

K. Klinieam (corresponding author) is with Facutiff Technical Step 3: Create a new population _3 from the cromsov
Education, King Mongkut's University of Technolotjjorth Bangkok operator between population 1 and the best
(KMUTNB), Bangkok, Thailand. Phone 66-2-9132500.8313; Fax: fitness individual of population 2. If it turns out

66-2-5878255; E-maikanokwank@kmutnb.ac.th ) S . .
S. Sirisumrannukul is with Faculty of Engineeridng Mongkut's that the finess of an individual in population 3

Step 1. Generate population 1 and population 2 twhic
satisfy the constraints of a problem.

University of Technology North Bangkok (KMUTNB), Bgkok, is bett?r than the b6§t Tit_ness .indiViduall in
Thailand. E-mailspss@kmutnb.ac.th population 2, then that individual in population
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3 replaces the best fitness individual. Otherwise, supplied (ENS), and expected outage cost (ECOST) ca

the individual replaces its parent in population 1 be calculated. These four

with a probability of replacement.

Select and keep the best fitness fromlptipn
2.

Bring population 1 to the crossover and
mutation process.

This is the same as step 3 except thigpicthof
using the best fitness individual in population 2,
a randomly selected individual from population
2 is brought to crossover with some probability.

Select and keep the best fitness fromlptipn
2

Compare the best fitness individual froep g
with that of step 7.

Step 4:
Step 5:

Step 6:

Step 7:

Step 8:

reliability indices are
calculated from
nj nk nl
SAIFI=Y> AR /DR )
j=1 k=1 1=
nj nk nl
SAIDI=>'> AR />R (2)
j=1 k=1 1=1
ni N nk
ENS=>">">"L,r;4, (3)
i=1 j=1k=1
ni. nj nk
ECOST=>">>L,C, (r))4 (4)
i=1 j=1k=1

Step 9: Update the best fitness individual of paton where
2 in step 3 with the one obtained from step 8. ni = number of load steps
Step 10: Repeatep 3 through step 7 until the maximum i = number of load points that are isolated due
generation has been reached. to a contingency
nj -
3. RELIABILITY COST/WORTH IN JI = number of outage events
DISTRIBUTION SYSTEMS n = total number of load points
Lk = load at load poink for thei th step of loa

A distribution circuit normally uses primary or mai
feeders and lateral distributions. A primary feeder
originates from a substation and passes througlormaj fi
load centers. The lateral distributors connect the 4;
individual load points to the main feeder with R
distribution transformers at their ends. Many disttion
systems used in practice have a single-circuit main
feeder and defined as radial distribution systemdi&
distribution systems are widely used because oir the
simple design and generally low cost.

A radial distribution system consists of series
components (e.g., lines, cables, transformers)ot |
points. This configuration requires that all comeois
between a load point and the supply point operatt a
therefore poor reliability can be expected becatihse
failure of any single component causes the loadtpoi
disconnected. However, many distribution systemseha
normally open points that can be switched to meshec
systems in the event of a system failure [4]. Iditai,
load point reliability can be improved by instadin
sectionalizing switches that can remove the faufiad
from the remaining healthy system.

Reliability cost is quantified in forms of investnte
incurred by installation of sectionalizing switches
whereas reliability worth is quantified in forms of
customer outage costs served as input data for cos
implications and worth assessments of system pignni
and operational decisions. The customer outage eost
calculated from reliability indices of the load pts and
customer damage functions. The customer damage
function utilized in this paper is shown in Figur¢s].

The basic distribution system reliability indicese a

Cost of Interruption (Baht/VW

Ci(ry)

=

't

1

-
T

duration curve at load poikt
average outage time of contingerjcy
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pointk
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due to outagg with an outage duration
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Fig. 1. Customer Damage Function.

average failure raté , average outage duratian, and 4. PROBLEM FORMULATION

annual outage duratio. With the three load point  The ghjective function of the problem of sectioziali
indices and load model at load points, system &eera gyitch placement is to select the number of switched

interruption frequency index (SAIFI), system av&ag heijr |ocations such that the sum of the instaltattost
interruption duration index (SAIDI), expected enermpt
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system constraints. The system constraints areagmlt

and line current limits. The objective function
mathematically expressed by (5). The first two sasft

(5) depend on the number of sectionalizing switches

whereas the last cost is calculated from (4).

ns ns
Minimize ) Installatoncost+ ) Maintenaceost (s5)

n=1 n=1
+ ECOST

subject to

\/imin S\/i SVimax

I, <™
where
ns = number of sectionalizing switches
V = voltage ati th node
I = current of feeder section
v;mn = minimun voltage ai th node
vm& = maximun voltage at th node

max
I

rated current of feeder sectibn

5. DISTRIBUTION POWER IN RADIAL
SYSTEM

Load flow solution in a radically operated distriion
network can be efficiently solved by the formatioha
constant spare upper triangle matrix to determntieebius
voltages. This method requires initial voltagesstasn
configuration, and a branch-to-node matrix. Theaggs
at all nodes are calculated by iterative procesboni
matrix inversion. This method is efficient in terro$

The algorithm is described as follows [7].

R.Q

Z;

Step 5:

Step 6:

Step 7:

Step 8:

real and reactive loads aith node

respectively

load at ith node modeled by a const

impedance

= load atith node modeled by a const
admittance

= load atith node modeled by a const

current

vector of branch currents of ord@s” 1)

vector of branch voltage of ordéb™ 1)
vector of load current at all nodes of or
(n" 1

= branch-to-node matrix of ordéb” n)

= primitive impedance matrix of orddb” b)

Determine the branch currents of all bieady
[i] = [CI[ Jd
Determine the branch voltages of all bneac

oy Lwl=[41

Determine all the new node voltages from

b .
V.=V,->Cy, . 1=1,2,...n

i=1

Check for convergence based on node wltag
differences between consecutive iterations and
repeat step 4 to step 7 until the solution
converges to a prespecified tolerance of 0.00001
per unit.

6. SOLUTION ALGORITHM

The following steps present the solution algoritfon
the optimal placement of sectionalizing switchesaidial
speed, convergence and computer storage requiremendistribution systems based on the genetic algoritimuh
reliability cost/worth analysis.

Step 1: Consider the network topology description, Step 1:

network data, and load data.

Step 2: Form matriYC] from branch-to-node of the
branch currents from topology description of

the given system.

Step 3: Assume voltages at all nodes are equéheo
nodes with Step3:

source node or initialize all
previously calculate voltage

Step 4: Determine the load current at all ndies
P-jQ  V .
J= L—+ L+ YV+ | i=12..,nb
I \/I Zi IV l_l
where
nb = number of node (including source node)
n nb- 1
b number of branches
Vv, = source node voltage
Ji = load current at th node
V, = voltage ati th node

Step 2:

Step 4:

Input length of feeder in each sectioad Itevel
per load point, failure rate, repair time, switch
time, replacement time, transfer time, outage
cost to customer due to supply outage, switch
locations and failure probability of fuses.

Input population size and maximum genanati
Generate populations 1 and 2 as describbed i
step 1 of Section 2. Each individual in the
populations is represented by a string of binary
numbers. Binary values of 0 and 1 indicate
switch installation and uninstallation,
respectively.

For each individual, consider a contingefc
at load pointk (e.g., outage of a line or a

transformer) in the network for a load stéep
Determine all the affected customefisk) due

to the contingency and the interruption duration
rj . The value ofrj is repair time, replacement

time or switching time. Repair time and
replacement time are used for the customers
who are subjected to long interruptions.
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Step 5:

Step 6:
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are determined by the genetic algorithm with
100 generations and 70 populations.

The same as case 3 except that the fuses ar
90% reliable.

This is the same as case 3 except thatem s
step load duration curve shown in Figure 3
instead of the average load is applied to each
load point with a load increment of 10%. The
corresponding step probabilities are 0.0132,
0.1114, 0.1651, 0.2328, 0.2147, 0.2263, 0.0365

Switching time is used for those to whom the
service is restored through alternate supply.

Calculate the current in each feeder @eetind
the voltage at each load point using the
distribution load flow algorithm presented in cgge 5:
Section 5, taking into account load transfean
alternative supply is available.

Obtain the load point interruption c@&f (r;)
with the customer damage function shown in

Case 4:

Figure 1.

Step 7: Calculate the contribution of the contirgyeto

. nk
system ECOST usmg: LiCy (r)A, -
k=1
Step 8: Ifk = nk, go to step 9. Otherwise, repeat step
5 to step 7 for a next load step.

Ifj = nj (all the contingencies on the primary
and the lateral sections at all loads have been
considered), go to step 10. Otherwise, repeat
step 5 for next contingency.

Step 10: Ifi = ni, go to step 11. Otherwise, repeat step
5 for next load level.

Step 11: Calculate the objective function from the
summation of the investment cost, maintenance
cost, ECOST and a penalty term. The penalty
term is used if the population being considered
violates the constraints of line current and bus
voltage limits.

Step 12: Do step 4 to step 11 until every indigidin
populations 1 and 2 are considered.

Step 13: Perform step 3 to step 10 in Section 2.

Step 9:

7. CASE STUDY

The test system in this case study consists offté@ders

of PEA designated as KWAOQ1l (stand for
Klongkwang01) and KWAO06 (stand for Klongkwang06)
[8]. These two feeders have 2 feeders and 26 loausp
shown in Figure 2 and connected with residential
customers, small users, medium users, large users,
special users and government. Fuses are installdtea
tee-point in each lateral. The network data is jgked in
appendix. Three phase pad mounted sectionalizing
switches are considered for the test system. The
investment cost of a pad mounted sectionalizingcéwi

is taken as 200,000 Baht. The annual maintenarsteso
2% of the annual investment cost. The life peribdhe
switch is considered to be 20 years and the inteats

as 8%.

Five cases are investigated.

Case 1: Sectionalizing switches are installed @gltre
main feeders at the positions numbered in
Figure 2. The fuses at the lateral distributors are
assumed to be 100% reliable.

This is the same as case 1 except that no

sectionalizing switches are installed at the
locations numbered in Figure 2.

This is the same as case 1 except that the
number and locations of sectionalizing switches

Case 2:

Case 3:

24
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Table 1. Results of Five Cases

Case | SAIFI | SAIDI ENS ECOST | Total Cost | No. of Switches Locations

1 7506 | 17.419 35,554.4D0 1,696,498 3,005,474 63 31-6

2 7.506 | 26.651 72,295.92 2,940,815 2,940,815 0 -

3 7.506 | 19.421 37,526.7¢y 1,759,361 1,925,580 8 12,%6,21,49,50,51

4 7.531 | 19.446 37,632.06 1,764,575 1,930,794 8 12,46,21,49,50,51

5 7.506 | 19.284 48,050.84 2,303,629 2,469,848 9 12,%6,21,31,49,50,51

6 7.506 | 15990| 27,543.02 1,625,078 1,791,297 8 1,4,12,15,21,49,50,51

7 7.506 | 18.936| 41,185.17 2,160,068 2,472,774 8 1,4 (automated),12,16,21,49,50,p1
Units: SAIFI — interruptions/customer.year SAIDI — hour/customer.year Total Cost — Baht/year

ENS — kWh/year Expected Outage Cost htiyaar

The simulation results for the five cases are shown shown in Table 1. The difference between the resafit
Table 1. In case 1, the system requires 63 setidma ~ the two cases is that the switch at location 16ase 3 is
(63 positions) with a total cost of 3,005,474 Baht. moved to location 15 in case 6. Although the optima
Without any sectionalizing switches in case 2, tibtal patterns of sectionalizing switches for both cases
cost is 2,940, 815 Baht. We can see that the ¢otk of  similar, the total cost of case 6 is significantiduced,
the two cases are not much different. The investmenmainly because of a decrease in the ECOST.
cost is higher in case 1 but lower in case 2. Hpeeted In the case study, sectionalizing switches consitler
outage cost is lower in case 1 but higher in cadéh2se  so far are manually operated. In fact, system lgiig
two cases represent two extremes from the utiliayigl can be further improved by automated sectionalizing
customers’ point of view; to be precise, the cugien switches. Most distribution systems either haveyonl
are served with a very good electric supply in chase manually operated devices (no automated deviceajeor
whereas case 2 would be favored by the utility. partially automated with a combination of manuat an
Nevertheless, there exists the optimum balancedmtw automated devices. A system with partial automadizom
the two cases. Such a balance can be found in3ase be two-stage upstream and downstream restoratisns a
where 8 sectionalizing switches at locations 112,16, shown in Figs. 4 and 5, respectively [9].

21, 49, 50, 51 (see Fig. 4.) are required withtal cost In Fig. 4, the breaker will clear the fault. The
of 1,925,580 Baht. Note that the first three cdmsase the  automated switch is opened allowing section A to be
same SAIFl because sectionalizing switches havequickly restored and the manual sectionalizing cwit
nothing to do with system failure frequency butyttak will later be opened to restore the customers aticse
affect SAIDI and ENS. B. In case of downstream restoration in Fig. Serafhe

If the fuses in the lateral are considered 90 %alpéd fault is cleared, the automated switch in the ddweasn
as in case 4, its SAIFI, SAIDI, ENS, ECOST and Itota path immediately prior to section A will be opened,
cost are increased, compared with those of cagh@. allowing section A to be supplied from a normallyeo
number and locations of sectionalizing switchesaiegn  point (n.0.1). Section B remains without power utite
however, unchanged. If the seven step load model arfirst manual sectionalizing switch is opened ané th
applied to each load point for case 5, 9 sectiamali normally open point in the downstream path (n.as2)
switches in total should be installed, namely one closed.

additional switch is needed at location 31. If automated sectionalizing switches become a
candidate in case 3 of the case study with a simiich
8. IMPACT OF AUTOMATED DEVICES time of 1 minute and an investment cost of 400,Baft

(i.e., twice the cost of the manually operated &wit no
. A sectionalizing switch is required. However, if we
becomes crucial for reliability improvement. In tbner suppose that the load at LP1 were increased from
words, the_ sooner the restorapon time, the batier 3.13075 MW to 4 MW, 8 sectionalizing switches would
system reliability. Fast restoration can be actdeby (Pe required as indicated in case 7 of Table lait oe

0

au'Fomated devices, which can be remotely _activate bserved from the results that the system shoulthce
(minute or less) after a fault has occurred. Thpaich of the switch of manual type in case 3 at location ith w

automated devices will be demonstrated by two MOre ~+ of automation type in case 7. This replacenignt

cases, case 6 and case 7, that are an extensinrcise reasonable because the load at LP1 is so high Bnoug

B%fthe gqseﬂs]tudym section 7'3 t that th Ithat fast service restoration can help it reduce th
ase b IS e same as case s except tha e'uorm""customer interruption cost. Therefore, it is worth

open switch, by which the load can be transferrecdhf . ; : . !
KWAO1 to KWAO6 and vice versa, has a switching time Im,/\?ostténfgrgrf t?,‘gﬁ?sajﬁg ifigggi"é'?g ?V\{Ir:(;?'manmef

of 1 minute (0.0167 hour). The simulation result is switches are installed at common locations. To be

It is seen from the case study that supply restorat
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precise, a sectionalizing switch is installed atnear a
main feeder. This is logical because the switchamarer
several sections of the feeder and laterals doeastrto
the switch, and therefore it can isolate any fathist
may occur on those sections.

First automated

sectionalizing_point
K Fault
% A

be———C

Section A Section B

First manual
sectionalizing point

Fig. 4. Two-Stage Upstream Restoration.

Upstream

Switch “\

e

Fault

«4— First manual
sectionalizing point

First automated

l/ sectionalizing point
9 n.o.1
-~
N\ o2 —y—

Section A

Section B

Fig. 5. Two-Stage Downstream Restoration.

9. CONCLUSION

The optimal placement of sectionalizing switchesain

radial distribution system has been presented. The

objective function is to minimize the sum of invesnt

cost, maintenance cost and customer outage cdgecsu
to line current and bus voltage limits. The finsbtcosts

depend directly upon the number of
sectionalizing switches that are determined
algorithm. The last cost is obtained from relidiilcost
and worth analysis. A distribution load flow algbr is

developed based on a constant sparse upper trianglel

matrix to calculate line current and load-pointtages
used to penalize populations that violate the cairgs
of line current and bus voltage limits in the optiation
problem. A case study on a distribution networktod

PEA system reveals that methodology provides an
optimum decision between economic and reliability

consideration. The impact of fast service restoratiom

the automated normally open switch and the autainate

sectionalizing switch is also investigated.

REFERENCES

[1] Billinton, R. and Jonnavithula, S. 1996. Optimal
Switching Device Placement in Radial Distribution

SystemslEEE Trans. Power SystemE1(3): 1646-
1651.

26

installed
from

(2]

(3]

(4]
(5]
(6]

[7]
(8]

(9]

Winston, W. and Venkataramanan, M.A. 2003.
Introduction to Mathematical Programming
California: Thomson.

Zbigniew, M. 1996. Genetic Algorithm + Data
Structhms = Evolution ProgramsNew York:
Springer.

Billinton, R. 1984.Reliability Evaluation of Power
SystemsLondon England: Pitman.

Energy Policy and Planning Office, Ministry of
Energy, 2001. Thailand.

Aravindhababu, P., Ganapathy, S. and Nayar, K.R.
2001. A Novel Technique for the Analysis of Radial
Distribution SystemsElectrical Power & Energy
System?23: 167-171.

Provincial Electricity Authority Thailand.

Goel, L. and Billinton, R. 1991. Procedure for
Evaluating Interrupted Energy Assessment Rates in
an Overall Electric Power SystenlEEE Trans.
Power System$(4): 1398-1403.

Brown, R.E. and Hanson, A.P. 2001. Impact of
Two-Stage Service Restoration on Distribution
Reliability, IEEE Trans. Power Systemk6(4): 624-
629.

KWA 06

KWA

49/ 5253 54 55 56 57
e e | o - — ————— - 50\
2 ]
3 : P1 LP2  LP3
N\
4 : 5158 59 60 61 62 63
Pl : |
X ‘ [}
' 1 P4 T[P5  LP6
5 [ P—— |
—@_|LP2
6
21 22 23 24 25 26 27 28 20 30
9 LP3 LP5 LPS LP6 LP7
— (ps
0

11

LP12|—@7+
35 3637381 39 40

31 32 33 34

s T 1

LP11 LP13 LP14

L

LP9 LP10

QD LP1s

43 44 45 46 47 48
\ J‘ é J_
LP16 17 P18 X Circuit Breaker
I LP19 — e — Normally Open Switch
—_—

Sectionalizing Switch

Fig.

LP20

6. Optimal Placement of Sectionalizing Switas in

Test System.



K. Klinieam and S. Sirisumrannukul / GMSARN Intéioraal Journal 2 (2008) 21 - 28

APPENDIX
Table Al. Customer Data of Feeder KWAO1
Load Point Number of Customer Type Demand (MW)
Average
LP1 1 Large Business 0.7000 LP1
LP2 1 Large Business 0.7000 LP2
LP3 1 Medium Business 0.2205 LP3
LP4 1 Medium Business 0.0350 LP4
LP5 1 Medium Business 0.1050 LP5
LP6 1 Medium Business 0.1050 LP6

Table A2. Customer Data of Feeder KWAO1

Load Point Number of Customer Type Demand (MW)
Average Maximum
LP1 1 Large Business 3.13074 LP1
LP2 105 Residence 0.0325 LP2
LP3 31 Residence 0.00975 LP3
LP4 1 Medium Business 0.11025 LP4
LP5 31 Residence 0.00975 LP5
LP6 31 Residence 0.00975 LP6
LP7 21 Residence 0.00650 LP7
LP8 1 Government 0.04550 LP8
LP9 21 Residence 0.00650 LP9
LP10 1 Small Business 0.01050,  LP10
LP11 1 Medium Business|  0.17500,  LP11
LP12 31 Residence 0.00975 LP12
LP13 84 Residence 0.02600 LP13
LP14 1 Medium Business | (.05600 LP14
LP15 1 Medium Business | (.17500 LP15
LP16 1 Government 0.02275 LP16
LP17 1 Government 0.01750 LP17
LP18 1 Government 0.03500 LP18
LP19 21 Residence 0.00650,  LP19
LP20 1 Government 0.00975 LP20

Table A3. Reliability Data of Feeder KWAO1 and KWA®

Component | r S where | = failure rate

repair time (hour)

Transformers 0.0150 20p - r
Lines 0.37 5 1.06 s

switching time (hour)
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KWA 06 Table A5. Type and Length of Feeder KWA06
) [l jﬁ Section Length (km) Type
1 8.7400 SAC 185
2 o 3 4 2 0.3830 SAC 185
R 1 3 0.4290 SAC 185
S i° i Tp2 T3 4 0.2890 SAC 185
5 LF>| . E b z 2 5 3.0060 SAC 185
X . 1 6 0.1900 ACSR 50
6 3 T 7 1.0690 ACSR 50
-@-Lr2 8 0.8540 ACSR 50
! . . y . . 9 0.0170 ACSR 50
10 0.2220 ACSR 50
13 é J— J— é é 11 0.5180 ACSR 50
e e 12 0.0810 ACSR 50
14 LPlZI—C(D-+ 1 13 0.5080 ACSR 50
L U 18 CUB— 14 0.0640 ACSR 50
s LJP_Q LJP_m il LJﬁs LPJ_:IA 15 0.3120 ACSR 50
| s 16 0.0510 ACSR 50
” 17 0.4660 ACSR 50
24 25 2 18 0.0910 ACSR 50
J_ 19 0.4100 ACSR 50
7 - "Lilfq P17 LP18 X Circuit Breaker 20 0.1660 ACSR 50
N — —— —  Normally Open Switch 21 0.3190 ACSR 50
|| tpa0 22 0.5050 ACSR 50
23 0.1300 ACSR 50
Fig. Al. Feeder KWAOL and KWAO6. 24 0.3940 ACSR 50
25 0.6930 ACSR 50
Table A4. Type and Length of Feeder KWAQO1 26 0.4300 ACSR 50
Section Length (km) Type 27 0.2910 ACSR 50
1 1.0760 SAC 185 28 0.0910 ACSR 50
2 0.9740 SAC 185
3 0.0066 SAC 185
4 0.1960 SAC 185
5 2.1750 SAC 185
6 0.4150 SAC 185
7 0.0610 SAC 185
8 0.0130 SAC 185
9 0.9800 SAC 185
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