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AbstractECThis paper developed the analysis of seismic reliability of large — scale electric power network. FirstE-the

large — scale power system was analyzedE-and the modeling of power system can be obtained according to the voltage

level of power system. Then the power system can be modeled as the vertex weighted network or general weighted net-

work with directed arc. And then the seismic reliability of the large — scale electric power system can be computed.

The large — scale power system need to be considered as multi — input system. A real case of some large — scale power

system was studied as well.
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Introduction

Electric power system is an important lifeline system.
The seismic damage of electric power system affects not
only the electric power system itselfE-but also other sys-
tem such as communicationE-water supplyE-emergency
succoringEand recovery rebuilding. To the disaster of
lifelineEn long time research has been doing. At the
beginningE-only the single unit had been studied. After
the 1971 San Fernando earthquakeE—during which a lot
of the lifeline facilities were damaged including high
voltage power transmission facilitiesE~ expressway
bridgeEgas and water supply buried pipeE-the essen-
tiality of lifeline earthquake had been convinced. Duck
and Moran introduced the concept of lifeline earthquake
in 1972. The lifeline earthquake engineering had been
studied as a system. In 1974£-the Technical Council
on Lifeline Earthquake EngineeringE TCLEEE£Owas es-
tablished by ASCE. First major commitment of profes-
sional societies directed at the impact of earthquake on
lifeline. Up to nowE~four specialty conferences had
been held. The last conference was held in San Fran-
ciscofin 1995. From the papers presented at the Con-

ferences on Lifeline Earthquake EngineeringE-we can

see that only buried systems were paid attention to at 1

st and 2 nd conferenceE-because of the timing of follow
— up investigationE-information on buried lifelines is
more complete. The electric power facilities and sys-
tems were paid attention to at the 3rd and 4th Confer-
ence on Lifeline Earthquake Engineeriném’%m.

China is one of the countries suffering the most severe

earthquake disasters in the world. A lot of industrial e-

quipment and electric power facilities were destroyed

during the Tangshan FEarthquake in 1976 and

Haicheng Earthquake in 1975. Research on lifeline

earthquake engineering in China was after middle of
1980is. Along with the research on earthquake resis-

tance and disaster prevention in Chinaf-and for the

purpose of aseismic strengthening of industrial estab-

lishmentE-the research on the industrial establishment

facilities had been developed. The Conference on in-

dustrial equipment was held in 1987£-~which covered

the petrochemical equipmentE-electric power facilitiesE=
etc. In 1990sE-more researches on electric power facil-

ities were done. But only in recent yearsE-the aseismic

research on electric power systematically is done. In

this paperE-the aseismic reliability of the large — scale

electric power network is studied. The large — scale

electric power network discussed in this paper is about

scope of a provinceE "above 220 kV networkEE-includ-
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ing substationsE-power plants and power transmission

systems.

1 The Characters of Large — scale Electric
Power Network

Urban societies in developed countries heavily rely on
electric power. Electric power system is a large — scale
systemE-which is composed of subsystems of the energy
productionf- transmissionE~ distribution and  controlf-
which cannot be intersected. Modern electric power
system develops to high — voltageE—super high voltage.
In case of earthquakef-the disasters of electric power
system are very severe and extensive. Many destroy in
electric power system happened during earthquake both
in China and abroad.
1.1 The destroy characters of electric power facil-
ities
Due to recent earthquakesEmnumerous electric power fa-
cilities suffered severe damagesE-such as the 1976
Tangshanf-the 1994 NorthrigeE-and the Great Hanshin
— Awaji events. Even not very great earthquake hap-
pen in Neimonggu 1996E-the event significantly affected
critical lifelineEparticularlyE-the electric power sup-
plyE-which caused more than one hundred million yuan
losses due to power outage. The failure characters of
various units in past earthquake are as follows.
1.1.1

In generalE-the gas turbine generating units are inher-

Power generating plant

ently rugged and no seismic damage had been reported.
Howeverf-the building structures of power plants are
destroyed seriouslyE-especially those had not strength-
ened. Some structures collapsed and thus affected the
generating equipment .

1.1.2  Substations

Substation includes building structure and yard equip-
ment. The buildings of substation are main control
buildingsE— which are three stories. The buildings
cracked at 7 magnitude and destroyed at 8 magnitudef-
because that they are usually opened. The transformers
would move or fall over because that they were in ade-
quately anchored to rails or unanchored. The porcelain
of all types of electric equipment were failed and leaked
at 7 magnitudeE—such as current transformersE-discon-

nect swatchesE—vircuit breaksEdightning arrestersE-etc.

1.1.3 Transmission towers
The earthquake performance of transmission was good.
GenerallyE—the collapse of transmission towers is be-
cause of foundation movement due to liquefaction.
SometimesEthe transmission was still working after the
earthquake .
1.2 The level of electric power network
According to the characters of electric power system£it
is necessary to analyse the seismic reliability of electric
power system as a wholeEmot only single power plant or
substation. The voltages of large — scale electric power
network in China include 500 kVE220 kVE410 kV.
The network in a province is usually 220 kV. The elec-
tric power network in a province can be simplified as
three levels. The first level is networkE-second level
includes the units include power plants substations and
transmissionsEnand third level includes electric power
facilitiesE—building structures in each power plant and
substation.
1.3 Multi - source — to — multi — terminal of elec-
tric power system
A large — scale electric power system is multi — source
—to — multi — terminal network notE-the same as a
general network only one source and one terminalE-in
that a electric power network is inputted electric energy
by a lot of power plants. On the other handE-every
substationE-which is terminal in the networkE-is the
source of subordinate network. ThereforeE-it is neces-
sary to take a large — scale electric power network as
multi — source — to — multi — terminal network in the

analysis of the seismic reliability .

2 The Methodology for Seismic Reliability
of a Large — scale Electric Power Net-
work

For seismic reliability of a large — scale electric power
networkE-the first point is to introduce a mathematical
model of the network performance. The arc weighted
network model is generally used in network reliabilityE—
which means the reliability of every edge of the network
is considered in system analysis and the vertex would
not faii™*. The electric power networkE-howeverf-is on
the other hand. The edge of electric power network is
transmission system and the vertex is power plant and

substationfso that not only the edge would failE-but al-
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so the vertex would failE-und the vertex is easier to fail
under the earthquake impact. The electric power net-
work should be taken as a vertex weight network or
general weighted network when the failure of transmis-
sion system needs to be considered.
2.1 Basic assumptions

£71£0Consider a generic mesh for electric power
system as the simple network.

£72£0A Boolean function is assumed to represent
the unit serviceability condition. Only two states are
considered of all the units of the electric power network
including edge and vertex. The unit is set equal to 1 if
the unit is in serviceE-is set to O if the same unit is
out.

£73£0The failures of each unit are independent.
The failing relativity of each unit is not considered.

£74£0To the failure of unitE-only once earthquake
impacting is considered in analysis.

£75E0AIl the substations at the power plants are
rise voltage substationsE-which are inputting to the net-
work. Some of connections of the electric power net-
work are directedE—and some of them are undirected.
The large — scale electric power network is multi —
source and multi terminal. When we analyse the seis-
mic reliability of the systemEAt is not necessary to con-
sider output of each substationf-so that when we con-
sider the network reliabilityE-only one output is consid-
ered. In this wayE-multi — source and one — terminal is
considered in the system reliability analysis. The earth-
quake impact in the analysis is based on the earthquake
zonation of China.
2.2 The methodology for seismic reliability analysis

£71£0Building connection matri€™® For the com-
puting of logical relation of each node£Ait is essential to
build up the connection matrixE” MEQof the network.
The matrix M is not symmetric because of directed
connection. For a large — scale networkE-it is difficult
to build matrix directly. Thereforf-the connection ma-
trix from all the sources to the terminal is directly built
by computer.

£72£@omputing the minimum paths£0,£Y, from all
the sources to the terminal. General methods to com-
puting the minimum are connection matrix methodE-and
so on. Those methods are not suiting for a large — scale

network . In this paperE-the single path — finding algo-

rithm is used to computing the minimum path. In this
wayE-we can get all the minimum path from sources
£7S,£4 = 1£2£-kE£-here k is number of sourcesECo ter-
minaf” TEEEU.£Y = L £-L,£-L,,. And m is number
of the minimum path.
£73£0Computing discross minimum paths. After
computed all the minimum pathsE-the system reliability
of the network need to be computedE~The minimum
pathsE-howeverE-nre very large for a network. It is dif-
ficulty to compute system reliability on the minimum
paths directlyE-because the sets of the minimum paths
are intersected. ThereforEit is essential to discross the
minimum paths. FirstlyEthe minimum paths are sorted
according to the length of the path. Thenf-~computing
the unit sets L& i < j = 2£3Ei-E-mEB-which are
those minimum paths£-included in Z; but not in LE£-by
means of comparing and eliminating. And then the dis-
cross minimum path sets can be computed by the De

Morgan formula to absorb and merger the sets L« ;.

mi m

Db = L+ 2 (1] L)L~ £71£0
=1 j=2

= l<i<j-1

£74£0Computing system reliability from all the
sources to the terminal. In generallyE-the network can
be expressed as & VE&£EE-here V =£V,£V,£5-i-£-
V,E¥ls vertex setE~E =£0E | £4,£9- j-£4,£Mis arc set.
Assuming the system with k sourcesE-the system relia-
bility & GECare given as following
B GEO= Zk) Rsﬁ GECE~

i=1

£72£0

The vertexes of the network can be divided into two
typesE-extremity and middle vertexes. The extremity
vertexes of sources are L@/ ' = 1£2£3- k£Band the ex-
tremity vertex of terminal is L,. The discross minimum
path sets are LiggiEfoeqiET~EH z4ic- The system reli-
ability are as following

R, = P(LyioLid)Le) . £73£0

3 Case Study

By simplifying to a large — scale electric power system
about a provinceE-the network for power system is
showed in Fig. 1£-in which 60 units are considered in-
cluding 15 power plants and 45 substations. The seis-
mic zonation is also showed in figure 1 according to the

Chinese seismic intensity zoning mafE 1990£€-that ex-
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presses the seismic hazard of every substations and
power plants. Most of the power plants and substations
are located in the areas of earthquake intensity VIE-
about 3 power plants and 5 substations are located in
high earthquake intensity areaf™ VIIIEQ According the
prediction for building damage of the power plants and
substationsE-the reliabilities of earthquake resistance of
every unit can be computed. The reliabilities of electric
power facilities have been computed in reference 6 as
well. Integrating the results of the predicting for build-
ing damage and the reliabilities of earthquake resistance
of electric power facilitiesE-the reliabilities of every u-

nits can be get.

[ Ekcrx mes pan
() Sbimin )

Fig.1 Sample of the electric power network
Choosing some key unitsE-we can compute the reliabili-
ty from all the power plants to the substation. For ex-
ampleE—the substation of number 47 is chosen. There
are 410 minimum path sets from 15 power plants to this
substation. This means that there is 410 possibility
from sources to terminal. The reliabilityE-furthermore£-
can be computed at basic intensity of earthquakef-

R, = 0.9998 £-
The reliability at the intensity of seldom occurred earth-
quake is computedE-

R, = 0.99539 £~
It can be seen that the values of reliability are very
high£-because the power system is high redundancy.
The system reliability is still high when some values of
reliability of units decrease more. The system reliability
is sensible to extremity vertexes of sources and termi-
nal. Some of substations are easily destroyedEaspecially

those at the edge of the network.

4 Conclusion

In this paper a procedure for the evaluation of the seis-
mic reliability of large — scale electric power system is
proposed. The system performance functionf-based on
Boolean variablesE-is provided. The seismic hazard is
based on the seismic zonationE-which is given on seis-
mic intensity zoning map. According to the results
computed to a large — scale electric power networkE-
some conclusions can be madef-

£71£C0To a large — scale electric power networkE-the
voltage level of the system can be taken as condition of
the system analysis. The model of seismic reliability of
the power system to the same voltage level can be di-
vided into three basic unitsE-power plantsE-substations
and transmission. To compute the system reliabilityE-
the vertex — weighted model is suited for the electric
power network. Not only the vertex weight can be con-
sideredE-but also the connection weight can be consid-
ered in this model which is applicability .

£7°2£0The electric power system is with multi
sources and multi terminals. It is necessary to analyse
the system reliability which all sources are taken into
consideration but only one terminal need be taken.

£73£CThe single path - finding algorithm is suitable
for computing the minimum path of large — scale net-
work . The number of minimum path sets is very numer-
ousE-especially when the system is with multi sources
and multi terminals. During computing the discross
minimum path setsE-the element sets are increase in
power.

£74£0In generalE-the large — scale electric power
system is of high redundancy. The middle unitjs influ-
ence of the system is not great when the system is of re-
dundancyE-but the terminal unitjs influence is great.
To the system from multi sources to special terminal€-
the system reliability is sometimes dependent on the
shortest length of the minimum path set from the source

to the terminal .
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