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Abstract-- Implementation of Distribution Automation (DA) in
electric power distribution systems can result in customer
satisfaction with improved reliability, consistent quality and
high-tech services. Loop Restoration Strategy (LRS) is a special
DA method in the feeder level which is used by electric utilities to
improve distribution system reliability. The effects of the
implemented LRS on the reliability indices of a given distribution
system mainly depend on its Automatic Control System (ACS).
Selecting the type of ACS of LRS by electric utilities relies on the
level of improvement required at load points and system oriented
reliability indices. A step by step evaluation procedure is
proposed in this paper to quantitatively assess the impacts of two
common types of ACS of LRS on reliability indices of a
distribution reliability test system.

Index Terms—Distribution Automation, Loop Restoration
Strategy, Recloser Controls, Reliability Assessment.

I. NOMENCLATURE

ACS Automatic Control System

CBA Probability that LCE of substation circuit breaker is
available to perform its intended functions

DA Distribution Automation

LCE Local Control Equipment

LRS Loop Restoration Strategy

MRA  Probability that LCE of normally closed recloser is
available to perform its intended functions

MST Manual Switching Time

NC Number of Components

NLP Number of Load Points

NRO Number of reclosing operations to lock out

NROgg Average number of reclosing operations to fuse
blowing due to permanent fault on fuse protected
lateral sections

NROrrc Average number of reclosing operations for fault

clearing due to a temporary faulty condition
TRA Probability that LCE of normally open tie recloser is
available to perform its intended functions
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ENSiJ Average energy not supplied of L;

C Component number i
L Load point number j
La,, Average load connected to L;
N, Number of customers of L;
7., Repair time of G
7> Average sustained outage time of L;
J
U fj Average annual sustained outage time of L;
EiLj Contribution to the annual sustained outage time of L;

due to a permanent fault on C;

lc,- L Contribution to the momentary interruption frequency
of L; due to any faults on C;

ﬂ,gf/ Contribution to the momentary interruption event
frequency of L; due to any faults on C;

A5, Contribution to the sustained interruption frequency of
L; due to a permanent fault on C;

Y Average permanent failure rate of C;

/12 Average temporary failure rate of C;

/12 Average sustained interruption frequency of L;

/1% Average momentary interruption frequency of L;

A Average momentary interruption event frequency of L;

II. INTRODUCTION

Analysis of customer failure statistics in most utilities
indicates that distribution systems make the greatest individual
contribution to the unavailability of supply to customers. As
distribution utilities shift from non-profit public utilities to
profit-driven business enterprises, the question of how to
maintain and improve service reliability while keeping
electricity rates lower and protect shareholders' interests
becomes more difficult to answer [1]. In an attempt to
facilitate rapid response to outages as well as efficient day-to-
day operation of distribution systems, some utilities have
begun the implementation of DA into the design of their
distribution feeders. DA can maximize customer satisfaction
with improved reliability, consistent quality and high-tech
services [2-4]. LRS is a special DA method in the feeder level
which is used by utilities to improve distribution system



reliability. The LRS is controlled and managed by its ACS.
The ACS is tuned by a set of algorithms to provide automatic
control operations of switching devices of LRS to remove the
faulted section and restore the unfaulted sections of the feeder.
The effects of implementing LRS on reliability indices of a
given distribution system mainly depend on its ACS. Several
kinds of these ACSs have been developed for implementing in
LRS for automation of distribution systems [5-7].

Different regulatory environments put different weightings
on reliability indices, such as SAIFI, SAIDI, MAIFI and
MAIFIg. Therefore, assessing the impacts of various ACSs of
LRS on reliability indices of a given distribution system,
which has special reliability targets and budget constraints, is
a crucial task. An approach is proposed in this paper to
quantitatively assess the impacts of two common types of
ACS of LRS on distribution system reliability. The proposed
technique is based on the event tree method and the concepts
of conditional probability approach. In order to demonstrate
the proposed technique, comparative and sensitivity studies
are conducted using a distribution reliability test system.

IIT. LOOP RESTORATION STRATEGY

The LRS typically utilizes a predetermined number of
reclosers installed in series between two distribution feeders. It
is typically applied to two feeders by installing a normally
open tie recloser at a tie point between two feeders, as shown
in Fig. 1. Also, a normally closed sectionalizing recloser is
installed on each feeder. The substation circuit breaker that
operates to protect the distribution feeder has also auto-
reclosing capability. This provides isolation of any faulted
sector within the distribution feeder while simultaneously
reestablishing service to all customers unaffected by the
faulted sector within a relatively short period of time. This
procedure is controlled and managed by a special ACS. In this
paper, two common types of ACS with and without
communication capability are considered in the analysis [5-7].
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Fig. 1. Typical Configuration of Loop Restoration Strategy.

A. ACS without Communication Capability

In a LRS with this kind of ACS, operational logic for
automated loop restoration is implemented through the stand
alone intelligence of each switching device. There is no
communication link between these switching devices. The
LRS may therefore be activated when the switching devices
act in accordance with the pre-defined roles of the stored
instructions and extracted local information. Consider the

schematic diagram of Fig. 1. The LRS equipped with an ACS
without communication capability is designed to work as
follows [5-7]:

- When a permanent fault occurs on section 1, substation
circuit breaker CB; first opens and recloses and after re-
ignition of the fault opens again and then locks out. The ACS
at the normally closed sectionalizing recloser R, senses loss of
the source side voltage, and the ACS at the normally open tie
recloser R3 senses voltage loss on its Ry side. Timers of both
reclosers begin to operate. The control system is designed in
way that the time delay at R; expires first, and then R; opens
and locks out. The time delay at R; expires next, and Rj closes
and restores service to the unfaulted feeder on sections
between R; and Rj;. After locating the fault, sectionalizing
switch SW; can be opened and R; is closed manually and
restores service to the unfaulted feeder on section 2.

- When a permanent fault occurs on section 2, a procedure
similar to the case when a permanent fault occurs on section 1
will follow. Except, after fault locating, SW; can be opened
and CB,; is closed manually and restores service to the
unfaulted feeder on section 1.

- When a permanent fault occurs on section 3, R, first opens
and recloses and after re-ignition of the fault opens again and
then locks out. Tie recloser R; senses voltage loss on its R,
side. After expiration of its time delay, it closes and senses
fault current, then trips and locks out. The unfaulted portion of
the feeder, between CB; and R, remains in service. After fault
locating, sectionalizing switch SW, can be opened and Rj; is
closed manually and restores service to the unfaulted feeder on
section 4.

- When a permanent fault occurs on section 4, R; and R;
open and lock out after their fault protection sequences. The
unfaulted portion of the feeder, between CB; and R;, remains
in service. After fault locating, SW, can be opened and R; is
closed manually and restores service to the unfaulted feeder on
section 3.

- When a temporary fault occurs on sections 1 or 2, CB,
performs its normal reclosing sequence and remains closed
once the fault is cleared. During these sequences, all
customers along the feeder are momentarily interrupted.

- When a temporary fault occurs on sections 3 or 4, R,
performs its normal reclosing sequence and remains closed
once the fault is cleared. During these sequences, only
customers between R; and R; are momentarily interrupted.

B. ACS with Communication Capability

Although the above discussed ACS of LRS is easy to
implement, the following disadvantages exist. First, when a
permanent fault occurs between CB; and R; or between CB,
and R,, the loop reconfiguration occurs after CB; or CB,
performs its complete reclosing sequence (four reclosing shot
in most cases). This results in blinking and effects the whole
feeder severely. Second, automatic restoration to the normal
system configuration is difficult to achieve. Third, if the fault
occurs between R; and Rj3 or between R, and Rj, the loss-of-
voltage closure command by the ACS logic could cause the
fault to be momentarily placed on the other feeder. These
concerns are prevented with the ability to exchange data
between switching devices via communication link.
Reconsider the schematic diagram of Fig. 1. The LRS which is



equipped with an ACS based on communication link is
designed to work as follows [7]:

- When a permanent or temporary fault occurs on sections 1
or 2, CB; and R, instantly open. R; is activated through a
command sent by CB1. Then R; closes and restores service to
the unfaulted feeder on sections between R; and R;. Substation
circuit breaker CB, recloses in a normal fashion. If successful
(in the case of a temporary fault), the loop is automatically
restored to its normal situation. Otherwise (in the case of a
permanent fault), CB; opens and locks out. After determining
the fault location, SW; can be opened and R; or CB, is closed
manually and restores service to the unfaulted feeder on the
section between CB; and SW; or SW; and R,, respectively.
Comparing with the similar case using the ACS without
communication capability, there is no need to wait until CB,
goes through all reclosing sequences even for temporary
faults. In this way, blinking impact on the whole feeder is
minimized.

- When a temporary fault occurs on sections 3 or 4, R,
performs its normal reclosing sequence and remains closed
once the fault is cleared. For permanent faults on these
sections, Rj; is blocked through a command sent by R; from
closing into the fault. Contrary to the previous ACS without
communication capability, it prevents the fault to be
momentarily placed on the other feeder.

IV. EVALUATION PROCEDURE

A. General Concepts

A modular approach is used to evaluate the impacts of
various ACSs of LRS on distribution system reliability. This
approach divides the ACS into modules that can be analyzed
independently. The reliability data associated with each
control module can be either derived by a separate reliability
analysis or obtained from a data collection scheme. For
illustration purposes, the ACS for the LRS of Fig. 1 can be
divided into 5 control modules, corresponding to each
switching device. These control modules have no shared
components and are considered to be independent. Each
control module is representative of the Local Control
Equipment (LCE) at the location of each switching device.
The LCE contains power supply units, timers, relays, sensors,
processing units and communication systems (if available).
For the sake of simplicity in approaching the evaluation
procedure and to put more emphasis on evaluating the impacts
ACSs of LRS on the distribution system reliability, the
protection system and switching devices are assumed to be
fully reliable. Based on the proposed logic of the implemented
ACS of LRS, the operational procedure for the fault isolation
and service restoration, when a permanent or temporary fault
occurs, is identified. The control process, following
occurrence of a fault, involves the sequential operation logic
of a set of control modules. Therefore, the consequence of the
availability and unavailability of each control module on the
operational procedure for fault isolation and service
restoration is analyzed using the event tree method [8-10].
Using this approach, the various possible outcomes of the
control processes are identified and the associated outcome
and restoration probabilities are calculated. The average
annual outage time and average interruption frequency of the

load points are calculated using the restoration and failure
probabilities based on the concepts of conditional probability
approach. The system oriented reliability indices are then
determined by aggregating the load point indices.

B. Classification of Interruptions and Load Points

When a fault occurs, the interruption frequency and
restoration time of different load points of a feeder are not the
same due to restoration logic of the implemented ACS of LRS
and availability of its LCEs.

The following definitions are used for classification of
interruptions in this paper [11]:

- Momentary Interruption: A single operation of an
interrupting device that results in a voltage zero. For example,
two circuit breaker or recloser operations (each operation
being an open followed by a close) that momentarily interrupts
service to one or more customers is defined as two momentary
interruptions.

- Momentary Interruption Event: An interruption of duration
limited to the period required to restore service by an
interrupting device. Such switching operations must be
completed within a specified time of five minutes or less. This
definition includes all reclosing operations that occur within
five minutes of the first interruption. For example, if a recloser
or circuit breaker operates two, three, or four times and then
holds (within the five minutes of the first operation), it shall be
considered as one momentary interruption event.

- Sustained Interruption: Any interruption not classified as a
part of a momentary event. That is, any interruption that lasts
more than five minutes.

During a permanent faulty condition on a component, load
points of a distribution system equipped with LRS can be
divided into seven classes as follows:

Class A: load points that are not interrupted due to a fault.
Class B: load points that are interrupted due to a fault and
their outage durations are equal to the time required to isolate
and repair the failed component. These load points experience
sustained interruptions.

Class Cy: load points that are interrupted due to a fault, but
can be isolated and restored by automatic switching actions. It
is considered that ACS of LRS is available, therefore outage
durations of these load points are equal to the time required to
isolate the fault and to restore service through a main or an
alternative supply using successful automatic switching
actions. These load points experience just one momentary
interruption. Only LRS equipped with an ACS with
communication capability has load points which are
categorized in this class.

Class C,: these load points are similar to those categorized in
class C;, but they experience momentary interruptions with
frequency equal to the number of reclosing operation of
upstream recloser or circuit breaker to lock out, i.e. NRO.
Class D: load points that are interrupted due to a fault, but
can be isolated and restored by automatic switching actions. It
is considered that ACS of LRS is unavailable, therefore outage
durations of these load points are equal to the time required to
isolate the fault and to restore service through a main or an
alternative supply using the manual switching actions. These
load points experience sustained interruptions.



Class E: load points that are interrupted due to a fault, but
can be isolated and restored by manual switching actions.
Outage durations of these load points are equal to the time
required to isolate the fault and to restore service through a
main or an alternative supply using manual switching actions.
These load points experience sustained interruptions.

Class F: load points that are interrupted due to a fault, but
can be isolated and restored by blowing the fuse of faulted
lateral section. Outage duration of these load points is equal to
the time required to isolate the fault and to restore service
through reclosing operations. These load points experience
NROgg momentary interruptions.

During temporary faulty condition on a component, load
points of a distribution system can also be divided into four
classes as follows:

Class G: load points that are not interrupted due to a fault.
Class H: load points that are interrupted due to a fault but
availability or unavailability of ACS of LRS have no effect on
their momentary interruption frequencies. In this case,
upstream recloser or circuit breaker operations result in fault
clearing. These load points experience momentary
interruptions with the frequency of the required upstream
recloser or circuit breaker operations for temporary fault
clearing, i.e. NROrgc.

Class I: load points that are interrupted due to a fault but
availability of ACS of LRS affects their momentary
interruption frequencies. Only LRS equipped with an ACS
with communication capability has load points which are
categorized in this class. In this case, upstream circuit breaker
and downstream recloser operations, which are managed by
ACS, result in fault clearing. The ACS of LRS is available and
these load points experience just one momentary interruption.
Class J: these load points are similar to those categorized in
class I, but the ACS of LRS is unavailable. These load points
experience momentary interruptions with frequency equal to
the required upstream recloser or circuit breaker operations for
temporary fault clearing, i.e. NROrgc.

C. Steps of Evaluation Procedure

The deduced formulas and procedure for determining the
impacts of the introduced ACSs of LRS on the distribution
system reliability can be summarized in the following steps:

(1) Based on the above described general concepts, for a
possible permanent or temporary fault on each component of
distribution system, the event trees are developed [8-10]. The
sequences of events together with the associated outcomes in
the operating procedure of ACS are then identified.
Eventually, based on the outcomes of the developed event
trees, the classes of each load point (corresponding to those
classified in the pervious subsection) and their associated
probabilities are determined. For illustration purposes, these
parameters are presented in Tables 1 & 2 for load points
connected to each section of LRS of Fig. 1 due to occurrence
of a permanent or a temporary fault on section 2, respectively.

TABLE 1
CLASSES AND CORRESPONDING PROBABILITIES OF EACH LOAD POINT OF LRS
OF FIG. 1, WHEN A PERMANENT FAULT OCCURS ON SECTION 2

ACS without ACS with
Points
Class Probability Class Probability
Sect. 1 E 1 E 1
Sect. 2 B 1 B 1
C, MRAXTRA C CBAXMRAXTRA
Seet.3 D 1-(MRAXTRA) D 1-(CBAXMRAXTRA)
C, MRAXTRA C, CBAXMRAXTRA
Sect.4 D 1-(MRAXTRA) D 1-(CBAXMRAXTRA)
Sect. 5-8 A 1 A 1
TABLE 2

CLASSES AND CORRESPONDING PROBABILITIES OF EACH LOAD POINT OF LRS
OF FIG. 1, WHEN A TEMPORARY FAULT OCCURS ON SECTION 2

ACS without ACS with
Load Communication Communication
Points Capability Capability
Class Probability Class Probability
Sect. 1 H 1 H 1
Sect. 2 H 1 H 1
I CBAXMRAXTRA
Sect. 3 H 1
J 1-(CBAXMRAXTRA)
I CBAXMRAXTRA
Sect. 4 H 1
J 1-(CBAXMRAXTRA)
Sect. 5-8 G 1 G 1

(2) The contribution to the sustained, momentary and
momentary interruption event frequency of L; by a permanent
and a temporary fault on C; is determined based on the
concepts of conditional probability theory and using the
results obtained in Step 1:
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In these equations, Bg L and P(Bg L/_) are respectively the

event and its associated probability, so that load point L; due to
a permanent fault on C; is categorized as Class B. Similar
notations are used for referring to other classes of load points.
Superscripts P and T are respectively used for representing
permanent and temporary faults on C;.

(3) The contribution to the annual sustained outage time of L;
of a permanent fault on C; is determined based on the concepts
of conditional probability theory and using the results obtained
in Step 1:

UE,LJ = ((rg, anﬂBE,LJ)X P(BE;LJ)
+((MSTXA!,)ID, )< P(DF,, ) )

+ ((MSTXAY)IEL, )XP(EL, )

(4) The load-point and system oriented reliability indices are
determined by analyzing the contribution associated with each
failure event. For L;, the reliability indices are deduced by

aggregating the calculated ﬂ%LJ_ , ﬂng_ , ﬂgﬁj and UZ)LJ . The

load-point reliability indices are calculated as follows:
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The following system oriented reliability indices can be

calculated using the load point indices:
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V. STUDY RESULTS

Application of the proposed technique to a multi-load points
distribution system is illustrated using the distribution
reliability test system shown in Fig. 2. The test system is the
distribution system connected to Bus 2 of the Roy Billinton
Test System (RBTS) [12]. The required reliability data is
given in [12]. A computer program has been developed to
perform the necessary computations. In the study results
presented in this paper, only the 11 kV feeders are considered
and any failures in the 33 kV system, the 33/11 kV substation,
fuses, circuit breakers, reclosers and switches are ignored. It is
assumed that protection system operates successfully when
required to do so. Circuit breakers and reclosers are assumed
to open and isolate a fault, if required. It is also assumed that a
spare transformer is available for the low voltage transformer
in order to reduce the effect of transformer failure. In this case,
a failed transformer can be replaced by the spare one within



the installation time rather than leaving the load point
disconnected for the repair time of the failed one. It is
assumed that substation circuit breakers have reclosing
capability. Also, when employing the LRS for the test system,
the intermediated section switches on each feeder and loop
switches are replaced by normally closed sectionalizing and
normally open tie reclosers, respectively. Any two adjacent
feeders which are interconnected to each other through a
normally open tie recloser are considered as a LRS with its

own ACS.

LP16 LP17 LP18 LP19 LP20 LP21 LP22 :

I -_———
S/S
33/11 kV

LP10 LP11 LP12 LP13 LP14 LP15

KL

LP1 LP2 LP3 LP4 LP5 LP6 LP7

Fig. 2. The distribution reliability test system, known as RBTS — Bus 2 [12].

In order to quantitatively examine the impacts of two
introduced ACSs of LRS on distribution system reliability,
several comparative studies are conducted. An overall brief
description of various case studies is as follows:

- Case 1: The LRS is not implemented.

- Case 2: The LRS is implemented and equipped with an ACS
without communication capability.

- Case 3: The LRS is implemented and equipped with an ACS
with communication capability.

In these case studies, the basic assumptions tabulated in
Table 3 are taken into account.

TABLE 3
BASIC ASSUMPTIONS WHICH ARE CONSIDERED IN THE ANALYSES

Manual Switching Time 1 (hr)
Availability of LCE of ACS 0.99
NRO 4
NROrs 3
NROrrc 2
; A
Ratlol of Temporary to Permanent G _g fori=1to NC
Failure Rate of Components )‘2

Table 4, shows the system oriented reliability indices of the
test system for comparative case studies. It can be seen from
the results that the indices are improved when LRS is
implemented in the test system compared to those obtained in
the absence of LRS. The improvements are about the same for
both LRS operated by ACSs with and without communication
capability. This similarity is especially predominant in the
case of reliability indices which only count the effects of
sustained interruptions, like SAIFI, SAIDI, ASAI and AENS.

It is also important to perform sensitivity studies and
consider the impacts on the system and load-point reliability
indices while varying some of the basic assumptions.

Table 5 shows the effect of different manual switching
times (MSTs) on some reliability indices of the test system.
This table shows that the improvements in the reliability
indices are the same for both LRS operated by ACSs with and
without communication capability. However, the effects of
employing LRS, for distribution system reliability
improvement, are considerable when the value of MST
becomes higher.

Table 6, shows the effect of ratio of temporary to permanent
failure rate of components on some of the reliability indices of
the test system. This table shows that as the value of ratio of
temporary to permanent failure rate of distribution system
components increases the effect of LRS on improving the
reliability indices associated with momentary interruptions
will be more considerable.

When employing LRS, load points of distribution reliability
test system of Fig. 2 can be categorized into two groups. The
first group are those load points located between substation
circuit breakers and mid point normally closed sectionalizing
reclosers, i.e. load points 1-4, 8, 10-12 and 16-19. The second
group are those load points located between midpoint
normally closed sectionalizing reclosers and normally open tie
reclosers, i.e. load points 5-7, 9, 13-15 and 20-22.

The impacts of introduced ACSs of LRS are distinguishable
from the results of Table 6. This table shows that the
momentary  interruption  frequency and  momentary
interruption event frequency of the first group of load points
decrease when LRS is implemented in the test system
compared to the similar results in the absence of LRS. This
improvement is the same for both LRS operated by ACSs with
and without communication capability. However, it can be
seen from the result of Table 6 that momentary interruption
frequency of the second group of load points decreases when
LRS equipped by an ACS with communication capability is
implemented, and increases when LRS equipped by an ACS
without communication capability is implemented. Table 6
also shows that the momentary interruption event frequency of
the second group of load points increases by implementing
LRS. This is due to the operational procedure of implemented
ACS of LRS and the definition of momentary interruption
events.



TABLE 4

SYSTEM ORIENTED RELIABILITY INDICES OF THE TEST SYSTEM FOR COMPARATIVE STUDIES
Reliability Indices Case 1 Case 2 Case 3
SAIFI (int/cust.yr) 0.2482 0.1603 0.1603
SAIDI (hr/cust.yr) 0.7656 0.6776 0.6776

ASAI (%) 99.9912606 99.9922648 99.9922648
AENS (kwhr/cust.yr) 4.6351 4.0900 4.0900
MAIFI (int/cust.yr) 34718 1.8179 1.7856
MAIFI (int.eve/cust.yr) 1.5588 0.8239 0.8239

TABLE 5
EFFECT OF DIFFERENT MANUAL SWITCHING TIMES ON SOME RELIABILITY INDICES OF THE TEST SYSTEM

Case 1 Case 2 Case 3
Reliability Indices MST (hr) MST (hr) MST (hr)
0.5 1.0 15 0.5 1.0 15 0.5 1.0 15
SAIDI (hr/cust.yr) 0.6968 | 0.7656 | 0.8344 | 0.6528 | 0.6776 | 0.7024 | 0.6528 | 0.6776 | 0.7024
AENS (kwhr/cust.yr) 42369 | 4.6351 | 5.0334 | 3.9644 | 4.0900 | 42156 | 3.9644 | 4.0900 | 42157
Annual Outage Time of | 550 | 7902 | 0.8585 | 0.6781 | 07025 | 07269 | 0.6781 | 07025 | 0.7269
Load Point 3 (hr/yr)
Annual Outage Time of | csec | 7585 | 07984 | 0.6083 | 0.6278 | 0.6473 | 06083 | 0.6278 | 0.6473
Load Point 15 (hr/yr)
TABLE 6

EFFECT OF RATIO OF TEMPORARY TO PERMANENT FAILURE RATE OF COMPONENTS ON SOME RELIABILITY INDICES OF THE TEST SYSTEM

Case 1 Case 2 Case 3
Reliability Indices Ratio of Failure Rates Ratio of Failure Rates Ratio of Failure Rates
2 3 4 2 3 4 2 3 4
MATIFI (int/cust.yr) 34718 | 4.6765 | 5.8812 | 1.8179 | 2.4740 | 3.1302 | 1.7856 | 2.4342 | 3.0828
MATIFI;; (int.eve/cust.yr) 1.5588 | 2.1612 | 2.7636 | 0.8239 | 1.1520 | 1.4800 | 0.8239 | 1.1520 | 1.4800
Momentary Interruption 36182 | 4.8682 | 6.1182 | 1.8830 | 2.5620 | 3.2410 | 1.8830 | 2.5620 | 3.2410
Frequency of LP3 (int/yr)
Momentary Interruption Event 16227 | 22477 | 2.8727 | 0.8540 | 1.1935 | 1.5330 | 0.8540 | 1.1935 | 1.5330
Frequency of LP3 (int.eve/yr)
Momentary Interruption 3.1785 | 4.2945 | 54105 | 3.5735 | 4.6895 | 5.8055 | 2.3637 | 3.2027 | 4.0417
Frequency of LP15 (int/yr)
Momentary Interruption Event 14315 | 19895 | 25475 | 1.5302 | 2.0882 | 2.6462 | 1.5293 | 2.0873 | 2.6453
Frequency of LP15 (int.eve/yr)

VI. CONCLUSION

This paper proposes an approach for assessing the impacts
of two commonly used ACSs of LRS on the distribution
system reliability. In order to demonstrate the proposed
technique, comparative and sensitivity studies were conducted
using a typically distribution reliability test system.
Comparative studies were directed to illustrate how two
common types of ACSs could affect reliability indices of a
given distribution system. In addition, sensitivity analyses
were performed to illustrate the impacts on reliability indices
of varying the manual switching times and the ratio of
temporary to permanent failure rate of distribution system
components. The study results presented in this paper indicate
the benefits of employing the LRS for automating a
distribution network and also show the different effects of the
two studied ACSs of LRS on the reliability indices associated
with sustained and momentary interruptions. Although, both
ACSs with and without communication capability result in
acceptable reliability improvement, but effects of LRS in the
distribution system reliability improvement can be even more
enhanced using the ACS with communication capability.

However, when comparing these two ACSs for selection, one
should not just consider the reduction in reliability indices as
decision making criteria. Instead, in addition to performance
of these ACSs from distribution system reliability point of
view, other parameters such as different weightings that
regulatory puts on the reliability indices, utility’s budget
constraints, purchase, installation, operation and maintenance
costs of LRS equipment, the number of reclosing operations of
ACS procedure for fault detecting, isolating and service
restoration (which severely impacts the whole feeder
components and load points), automatic restoration capability
to the normal system configuration (which decreases the
operational cost), and also avoiding the faults occurs
downstream of mid recloser to be momentarily placed on the
other feeder (which improve the distribution system security
and power quality) should also be taken into account.

VII. REFERENCES

[11 R. L. Chen, and S. Sabir, "The benefit of implementing distribution
automation and system monitoring in the open electricity market," in
Proc. of Canadian Conference on Electrical and Computer Engineering,
Toronto, pp. 825-830, May 2001.



[2] J. S. Lawler, J. S. Lai, L. D. Monteen, J. B. Patton, and D. T. Rizy,
"Impact of automation on the reliability of Athens Utilities Broad’s
distribution system," [EEE Trans. on Power Delivery, vol., 4, pp. 770-
778, Jan. 1989.

[3] D. L. Brown, J. W. Skeen, P. Daryani, and F. A. Rahimi, "Prospects for
distribution automation at Pacific Gas & Electric company," [EEE
Trans. on Power Delivery, vol. 6, pp. 1946-1954, Oct. 1991.

[4] A. Pahwa, "Role of distribution automation in restoration of distribution
systems after emergencies," in Proc. of IEEE/PES Transmission and
Distribution Conference and Exposition, Atlanta, pp. 1204-1205, Oct. &
Nov. 2001.

[51 J. L. McElray, and V. Gharpure, "Loop control schemes increase
restoration," in Proc. of IEEE/PES Transmission and Distribution
Conference and Exposition, Atlanta, pp. 171 — 176, Oct. & Nov. 2001.

[6] L.Hong, W. H. Yueh, and D. J. Allen, "Auto-loop improvement," I[EEE
Trans. on Power Delivery, vol. 9, pp. 828-832, Apr. 1994.

[77 L. A. Kojovic, and T. R. Day, "Advanced distribution system
automation," in Proc. of IEEE/PES Transmission and Distribution
Conference and Exposition, pp. 348 -353, Sept. 2003.

[8] R. Billinton, and R. N. Allan, Reliability Evaluation of Engineering
Systems: Concepts and Techniques, Plenum Press, 1992, 2nd Ed.

[9] R. Bilinton, and R. N. Allan, Reliability Evaluation of Power Systems,

Plenum Press, 1996, 2nd Ed.

S. Kazemi, M. Fotuhi-Firuzabad, and R. Billinton, "Reliability

assessment of an automated distribution system," [ET Generation,

Transmission and Distribution, vol. 1, pp. 223-233, March 2007.

[11] IEEE Guide for Electric Power Distribution Reliability Indices, IEEE
Standard 1366-2003, May 2004.

[12] R. N. Allan, R. Billinton, I. Sjarief, L. Goel, and K. S. So, "A reliability
test system for educational purposes: basic distribution system data and
results," IEEE Trans. on Power Systems, vol. 6, pp. 813-820, May 1991.

[10]

VIII. BIOGRAPHIES

Shahram Kazemi was born in Iran. Obtained B.Sc.
Degree (with Honors) in Electrical Engineering from
University of Hormozgan, Bandar-Abbas, Iran in
2002, and M.Sc. Degree (with Honors) in Electrical
Engineering from Sharif University of Technology,
Tehran, Iran in 2004. From 2003 to 2006 he has been
with Niroo Consulting Engineers Co., Tehran, Iran
as senior researcher. He is currently working toward
the Ph.D. Degree in Electrical Engineering at Sharif
University of Technology and as visiting researcher
at Helsinki University of Technology, Espoo,
Finland. His research interests include Power System Reliability and Power
System Protection, Control and Automation.

Mahmud Fotuhi-Firuzabad (SM’99) was born in
Iran. Obtained B.Sc. and M.Sc. Degrees in
Electrical Engineering from Sharif University of
Technology and Tehran University in 1986 and
1989 respectively and M.Sc. and Ph.D. Degrees in
| (o Electrical Engineering from the University of
' Saskatchewan in 1993 and 1997 respectively. Dr.
Fotuhi-Firuzabad worked as a postdoctoral fellow in
: 1 the Department of Electrical Engineering,
University of Saskatchewan from Jan. 1998 to Sept.
2000 and from Sept. 2001 to Sept. 2002 where he
conducted research in the area of power system reliability. He worked as an
assistant professor in the same department from Sept. 2000 to Sept. 2001.
Presently he is an associate professor and Head of the Department of
Electrical Engineering, Sharif University of Technology, Tehran, Iran. He is a
member of center of excellence in power system management and control.

Majid Sanaye-Pasand (M’97, SM’05) graduated in electrical engineering in
1988, Tehran, Iran, and received his M.Sc. and Ph.D. in 1994 and 1998,
Calgary, Canada, respectively. His areas of interest include power system
analysis and control, digital protective relays and application of Al He is at
present an associate professor and associate chair at the School of Electrical
and Computer Engineering, University of Tehran. He is a board member of
Control and Intelligent Processing Center of Excellence, University of Tehran.

Matti Lehtonen received the M.S. and Licentiate Degrees in electrical
engineering from the Helsinki University of Technology (HUT), Espoo,
Finland, in 1984 and 1989, respectively, and the Dr. Tech. Degree from the
Tampere University of Technology, Tampere, Finland, in 1992. Since 1987,
he has been with VTT Energy, Espoo, and since 1999, he has been with HUT,
where he is a Professor of IT applications in power systems. Presently he is
Head of the Department of Electrical Engineering, HUT, Espoo, Finland. His
main activities include earth fault problems, and harmonic related issues and
applications of information technology in distribution automation and
distribution energy management.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


