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ABSTRACT:

The stability and reliability of electrical power grids are essential for the continuous operation of modern cities
and also critical for preparedness, response, recovery and mitigation in emergence management. Due to the fact
that present power grids in China are usually running near their critical operation points, they are vulnerable
and sensitive to disturbances from natural and man-made hazards such as hurricanes, earthquakes and terrorist
attacks, etc., which often trigger cascading failures. Using the provincial power grid data from Chinese power
utilities including 118 buses (substations) and more than 180 branches (transformers and transmission lines),
we first present the properties of the power network with modern complex network concepts such as state
transition graph and characteristic length. Then the dynamic power flow over the power grid is calculated with
the BPA load flow analysis software. System performance and reliability of the power grids are evaluated under
an earthquake scenario and a hypothetical terrorist attack. With the identified most vulnerable (critical) edges
and nodes, the robustness of the power network is evaluated under the triggered cascading failures. The
findings could be useful for power industries and policy makers to evaluate the risk of blackout induced by
cascading failures, and identify the vulnerability of power systems and improve the resilience of power systems
to external disturbances.
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1. INTRODUCTION

Urban infrastructure systems such as power networks are critical backbones of modern societies. The stability
and reliability of electrical power grids are indispensible for the continuous operation of modern cities and also
critical for preparedness, response, recovery and mitigation in emergence management. Under extreme events
such as earthquake impact or intentional disruption, failure of power system infrastructure not only disrupts the
residential and commercial activities, but also impairs the post-disaster response and recovery, resulting
substantial socio-economic (U.S.-Canada Power System Outage Task Force, 2004; Chang et al., 1996; Chang et
al., 2001). Cascading failure, also know as avalanche of power systems, has drawn intensive research interests
in recent years, especially after the large-scale August 14 cascading failure in North America in 2003 (U.S.-
Canada Power System Outage Task Force, 2004). Due to the fact that present power grids in China are usually
running near their critical points, they could be vulnerable and sensitive to disturbances from natural and man-
made hazards which could potentially trigger cascading failures.

Evaluation of the performance and reliability of infrastructure systems is complex in nature due to the large
number of network components, complex network topology, and component/system interdependency. Currently,
the most successful study of power network cascading failures is based on OPA and CASCADE models
(Carreras et al., 2002; Dobson et al. 2002; Nedic, et al., 2006). Although some results can be drawn based on
these models, we are still unable to explain whether and how a certain disturbance can cause a cascading failure
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(Wu et al. 2007). Complex system theories have been recently employed to understand the cascading failures.
Watts (1999) showed that the topology of modern power grid is always a small-world graph and the propagation
of failures within the network was studied with complex system theories. Focusing on the topologies of power
systems, these approaches, however, ignored the weights of nodes (generators and substations) and links
(transformers and transmission lines), which might be more important in practice (Wu et al. 2007).

Stakeholders and emergency managers are also concerned the availability of electricity services, or the
connectivity between power generator and the service areas. The total number of households without electricity
services is one of the measures of the severity of impact (FEMA, 2003). Network reliability, or the probability
of connectivity between node-pairs can be evaluated based on the network configuration with graph theory.

System reliability of lifeline networks can be measured in three perspectives (Li, 2005): (1) structural
component reliability; (2) connectivity reliability between node-pair; and (3) performance reliability. In this
paper, the scope of network reliability analysis presented is limited to connectivity reliability. The basic idea of
analytic network reliability method is to convert complex network to combination of simply networks such as
parallel or series systems, and then system reliability could be computed by finding the union and intersection of
these simply networks, e.g. generic substation can be modeled with a series system of macro-components
(Vanzi, 1996). Kroft (1967) first describe shortest path algorithm to compute system reliability. Panoussis (1974)
and Taleb-Agha (1977) proposed general network reliability can be computed by converting complex lifeline
networks to SSP (series systems in parallel) networks. But finding the shortest paths is not always an easy task,
especially for large-scale networks. Aggarwal and Misra (1975) proposed disjoint shortest path algorithm. Later,
researchers (Dotson and Gobien, 1979; Yoo and Deo, 1988; Torrieri, 1994; Li and He, 2002) improved this
algorithm and found it can give exact reliability for large-scale complex networks. Full probability analytic
algorithm (Wu and Sha, 1998) and Ordered Binary Decision Diagram (OBDD) algorithm (Kuo et. al, 1999) are
also able to find exact network reliability but neither of them is able to handle large-scale networks. RDA is
efficient and applicable to all networks (Li and He, 2002) but not able to handle dependence issue.

On the other hand, since complete information is not always available, especially for complex systems,
researchers chose to describe the system reliability approximately with reliability bounds. Ditlevsen (1979) gave
theoretical bounds for general system reliability problems. But the theoretical bounds are often too wide for
practical uses. Song et al. (2003 and 2004) obtained much narrower reliability bounds of the reliability of power
substation systems by linear programming. Recently, a matrix-based system reliability (MSR) method is
proposed to account for dependence and incomplete information (Song and Kang, 2007) and utilized to bridge
networks and natural gas networks (Chang and Song, 2007). MSR is easy to implement and flexible to handle
dependence and incomplete information, which make it advantageous to give more insight results.

This paper studies the cascading failure of the power system with the specific emphasis on its satiability and
network reliability. First, the stability performance is evaluated with the state transition graph. Next, we
analyzed the system reliability of the power system under cascading failures. We then demonstrate the analysis
with a provincial power network in China. The results and observations from the case study are summarized,
and the identified future research topics are also presented.

2. PERFORMANCE AND THE STATE TRANSITION GRAPH OF POWER GRIDS

The capability of power grids to deliver electric power depends on boundary conditions (e.g., power and voltage
from supply nodes and to demand nodes), the admittance of transmission lines, and the working states
(operating or failure) of substation components. Boundary conditions are specified at the nodes in terms of
active and reactive components at load nodes, real power and voltage amplitude at the generation nodes, and
voltage amplitude and phase angle at the swing node. In general, the steady state of a power system is described
by power flow, which is the solution of a typical nonlinear equation sets:

VYV =S=P+ 0O (3.1)
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where V is the voltage phasor vector as a complex value, Y is the admittance matrix corresponding to the

power network, S is the vector of complex power injected into each nodes, “*” is the conjugate operator.
Electrical power transferred through a given edge (i.e., transmission line or transformer) can be calculated once
the power flow equation is solved. The power flow model is theoretically acceptable since the power system
runs normally for most of time, and most blackouts always happen with a long-period dynamics, which may
also be described by power flow (Taylor, 1994).

The power grid can be treated as a weighted digraph from a macroscopic viewpoint: generators and load motors
as the nodes to inject electric power and loads into power grids, and transmission lines and transformers as the
edges to transfer electrical power. To quantify the security of power system, we use capacity factor of each edge
other than mere electrical power or circuit as the weight. For example, the weight of a transformer is the ratio of
apparent power transferred over its rated capacity, while the weight of a transmission line is usually the ratio of
actual transmitted current over its rated current.

Though most electrical equipments are designed with over-loading protection capacities, it is assumed that the
overloaded equipments shall quit the network and the working state be “failure”, and vice versa. Electrical
power grid can be viewed as a discrete dynamical network when all the buses, transmission lines and
transformers have binary working state, that is, operating state denoted by “1” and failure state by “0”. By
describing the states of nodes and edges with binary vectors, the state transition graphs (Wuensche, 2003; Wu et
al., 2007) can capture dynamic behaviors of both nodes (i.e., power plants and substations) and edges (e.g.,
transmission lines) and can illustrate the cascading failure of power networks. In nature, the state transition
graph is an enumeration of all possible initial states of the system. Since the state transition graphs are difficult
for direct uses for large-scale networks, characteristic lengths of the state transition graphs provide us a feasible
measure to understand cascading failures.

3. SYSTEM RELIABILITY UNDER CASCADING FAILURES

The MSR method subdivides the sample space of component events with s, distinct states, i =1,...,n, into

m =1I1]_s, mutually exclusive and collectively exhaustive (MECE) events. The probability of any general
system event is then described by the inner product of two vectors:

P(E,)=c'p (3.2)

where ¢ is the “event vector” whose element is 1 if its corresponding MECE event is included in the target
system E_ event, and 0 otherwise; and p is the “probability vector” that contains the probabilities of all the

MECE events. Efficient matrix-based procedures were proposed to efficiently obtain these vectors by use of
matrix computing languages such as Matlab® (Kang et al., 2007). The MSR method has the following merits
over existing system reliability methods. First, the probability of a system event is always calculated by a simple
matrix multiplication as in Equation (3.2) regardless of the complexity of the system event definition. Second,
the MSR method separates the tasks of identification of system event (¢) and computation of probability

calculations (p), which allows for an easy integration with other computation modules, e.g. geographic

information system (GIS) or network analysis algorithms. Moreover, the matrix-based procedures proposed
along with the method help obtain ¢ and p vectors efficiently. Third, even if one has incomplete information

on the component failure probabilities and/or their statistical dependence, the matrix-based framework still
enables us to obtain the narrowest possible bounds on any general system event (Song and Der Kiureghian,

2003) based on the available information. Fourth, once P(Esys) is obtained, one can calculate the probabilities

of other system events of interest, conditional probabilities and component importance measures (Song and Der
Kiureghian, 2005) without additional probability calculations.
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A drawback of the MSR method is the size of the vectors increases exponentially with the number of component
events. However, this can be overcome by subdividing the system event into multiple disjoint link sets or cut

sets constituted by smaller number of components. When disjoint cut sets or link sets, S;, i=1,...,N,

set are

identified, the system failure probability or reliability is computed by summing up the results of the MSR
analyses of individual sets, i.e.

Nog Nog
P(Esys):ZP(Si):Zc;rpi (33)
i=1 i=1

where ¢, and p, are the event and probability vectors of the i-th disjoint cut set or link set. These disjoint sets
can be efficiently identified by using the RDA (Li and He, 2002). After the Boolean descriptions of the disjoint
cut sets and link sets are identified, the corresponding event vectors ¢;’s are obtained by use of the following
matrix-based procedures (Kang et al., 2007):

cE =1-c¢*
cEl...En :cEI.*cEZ.*"'.*cE’I (3.4)
cAUVE 1 (1—cB). ¥ (1—cf) % ¥ (1—cP)

[TV

where 1 denotes a vector of 1’s; and “.*” is the Matlab® operator for element-by-element multiplication.
When component events are statistically independent of each other, the probability vectors p, ’s are constructed

based on the failure probabilities of the network elements by the following recursive matrix-based procedure:

p'=[R 1-R]

, U-1. p. 3.5
pE."] = [].I:’] / for j=2,3,...,n 3-5)
p;/-(1-P)

1

where 7, is the number of the components in the i-th cut set or link set, P/ is the failure probability or

reliability of the j-th component in the set; and p, = pE”"]. The probability vectors can be obtained even in case
the components have statistical dependence (Kang et al., 2007).

4. NUMERICAL EXAMPLE

Earthquake impact on power system may cause not only regional blackout, but also impair post-disaster
response and recovery. The target area, with more than 1.36 million customers, is serviced by the state-owned
Hainan Power Grid Company (HPGC), part of the China Southern Power Grid (CSPG). The electrical facilities
operated by HPGC cover more than 33,920 square km service territory through more than 1,339 km of 220 kV
transmission lines and more than 5,015 km of distribution lines (HPGC, 2007).

The HPGC power grid consists of 118 buses (substations) and more than 180 branches (transformers and
transmission lines). For the purpose of demonstrating the proposed methodology without undue complexity, we
use a simplified power network model as shown in Figure 1(a). The simplified network consists of 48 nodes
(thermal power plants and substations) and 59 links (transmission lines). The arrows indicate the directivity of
the electric current flow, from source to customers, and from high voltage substations to low voltage ones. The
19 thermal power plants are considered the only supply facilities or source nodes for the given power network.
Power transmission lines are considered distributing elements while substations as demand nodes. Although the
network only contains 107 elements, a multi-scale approach (Der Kiureghian and Song, 2008) can be used to
assess the system reliability by aggregating or disaggregating service areas into equivalent service nodes.

The system reliability of the power grids is evaluated under two hypothetical scenarios: an intentional disruption
and an earthquake scenario. The system performance of the target power grids is evaluated by analyzing the
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characteristic length of the state transition graphs. Since the state transition graph is the enumeration of all
possible states of the system and not feasible for practical uses for large scale network, the characteristic lengths
of the state transition graph are employed to analyze the power grid’s performance.
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(a) Directed graph model (b) Graph model with the subjunctive source node

Figure 1 Graph model of HPGC power grid

4.1 Scenario 1: Intentional Disruption on the Power System

In this scenario, we assume that consequences of the disruption on the specific node are substantial so that the
node and its adjacent edges will quit from the power system immediately after the attack, which is equivalent to
deleting the node and its adjacent edges from the network by changing the network’s topology.

Under the intentional disruption, a 220 kV substation (208) is attacked in a simulated intentional disruption. The
attack results in the immediate failure of the Substation 208, causing a series of power system cascading failures
in east part of the study area. The three-step cascading failure propagated on the power network and changed the
network structure as shown in Figure 2. The first step is that Substation 304 quitted working from the network
due to the failure of Substation 208. Subsequently, the Power Plant 19 and three 110 kV substations (305, 306,
and 309) failed and service regions covered by these facilities experienced a power outage. In the last step of the
cascading failure, substations 310 and 311 stopped operating since the only power source (substation 306)
feeding these two substations failed in the second step of cascading failure. Redistribution of power flow with
the changed network topology is calculated in each step of the cascading failures with BPA flow analysis
software. Power flow over the power grid reached a stable state and the system equilibrium equations reached
convergent solutions after a three-step cascading failure.

To apply RDA to the HPGC power network, a subjunctive source node feeding all power plants is added to the
graph to facilitate finding the node-pair connectivity in the multi-source network. The network in Figure 1(a) is
then represented by the 49-node and 68-arc network as shown in Figure 1(b). Different electrical equipments in
the power grids have various operating reliabilities. And even for the same type of equipment, the reliability
may not be identical. For demonstration purpose the reliability of electrical equipments is assumed identical
(0.95) in this numerical example. When accurate information of equipment reliabilities is available later, it can
be used to get refined results.

The event (¢) and probability (p) vectors are obtained for each link set or cut set by use of matrix-based

procedures in Equations (3.4) and (3.5). The probability of outage at each distribution node, i.e. its
disconnection from all the sources is computed by Equation (3.3). Figure 3 shows the reliability and failure
probabilities of the network nodes with system reliability analysis while Figure 4 compares the change of
probabilities of outage at several substations during the cascading failures.
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Figure 2 Cascading failure of the HPGC power network under intentional disruption
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4.2 Scenario 2: Seismic Impact on the Power System

In a hypothetical magnitude 7.0 earthquake scenario, the epicenter is set near the 220 kV Substation 208. The
circular attenuation relationship (Wu et al., 2006) was used to calculate the ground motion intensity. As show in
Figure 5, we found six sub-stations (208, 303, 304, 305, 306 and 309) locate in high intensity regions
(Intensity >7) and three of them (208, 304, and 305) fail and quit from the network under the hypothetical
seismic impact. Converging solution was reached after 5 iterations by changing the parameter of the network
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and recalculating the power flow, system is convergent and can operate stably with partially damaged power
grid. In this scenario, no cascading failure is observed. Figure 6 compares the probabilities of outage at selected
substations before and after the earthquake impact.

System Failure Probability under Seismic Impact
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Figure 5 HPGC power network under earthquake Figure 6 System failure probability under cascading
impact failures

4.3 Performance of the Power Systems
To simulate the cascading failure of power grids, we utilized the 6-step cascading failure simulation algorithm

which can capture the state changes from disturbances and illustrates the cascading failure as the state transition

graph (Wu et al., 2007). Since there are more than 2''*"*" = 5x10% states in the state space, it is infeasible to

show all the states in a single state transition graph. However, we can illustrate the global behavior of the state
transition graph by characteristic length of the graph, as shown in the following formula:

1
/= d 4.1
nin+1i/2i§j ij .1

in which, dl.j is the length of the shortest path between node i and node j; [ is the average distance

between arbitrary two nodes in the graph, which is used to measure state transition possibility of power grids.

Figure 7 illustrates the characteristic length of state transition graph at various average usage ratios of the
HPGC network. Since there are huge amount of disconnected parts in a certain state transition graph, the entire /
is somewhat small in the Y axis. However, it is noteworthy that few dots (or states) are connected by the state
transfer lines when the power grid has a low utilization ratio (e.g., 0.1). This indicates that the power grid is
stable and robust to intentional disturbances.

The characteristic length increases when the power grid operates at higher load levels (or larger utilization
ratios), and the state transit graph shows higher degrees of connectivity. This suggests the power grid is prone to
cascading failures at higher load levels, which is parallel to what one might deduce from institutive reasoning. It
can be seen from

Figure 7 that the value of characteristic length declines when the load level exceeds a certain critical point. This
is the case when the real power system operates near the critical point, most part of the power system crashes
directly except for these involved in the cascading failure. From the system point of view, parameters other than
the load level (e.g., number of initially failed equipments) may also cause phase transition. In essence, external
disturbances, no matter they are man-made or natural, change the states of network. Although it is still not clear
whether and how a disturbance can cause cascading failure, the characteristic length of state transition graph
could help us better understanding the nature of cascading failures.
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Figure 7 Characteristic length at various average usage ratios of the HPGC power network

5. CONCLUSIONS

This paper analyzed the performance and system reliability of power network under cascading failures.
Characteristic length of the state transition graphs is employed to measure the stability performance of power
network at various load levels. Outage of distribution nodes are identified as disjoint sets by use of the RDA.
The probability of each disjoint set is computed by use of the MSR method. The proposed methodology is
demonstrated through a case study of the HPGC power network. The findings are useful for power industries to
evaluate risk of blackout by cascading failures, and to identify the vulnerability of power systems and improve
the resilience of power systems to external disturbances.

We limit our scope to high voltage transmission network only. Nevertheless, this methodology can be extended
to include distribution networks with multi-scale analysis approach. The reliability of overloaded equipments
and uncertainties of external disturbances are not considered either. Further research is in progress to
incorporate internal (i.e., reliability electrical equipments) and external (i.e., disturbances) uncertainties.

ACKNOWLEDGEMENTS

The authors gratefully acknowledge the financial support of Santa Fe Institute’s CSSS Scholarship (L. Chang
and Z. Wu), the National Science Foundation of China under Grant No. 50337010 (Z. Wu), and the Mid-
America Earthquake Center under Award No. EEC-9701785 of the Earthquake Engineering Research Centers
program of the National Science Foundation (L. Chang, A. Elnashai, and B. Spencer).

REFERENCES

Aggarwal, K.K. and Misra K.B. (1975). A fast algorithm for reliability evaluation. /[EEE Trans. on Reliability
24:1, 83-85.

Barabasi, A.L. (2002). Linked: The New Science of Networks. Perseus Publishing, Cambridge, MA, USA.

Carreras, B.A., Lynch, V.E., Dobson, 1., Newman, D.E. (2002). Critical Points and transitions in an electric
power transmission model for cascading failure blackouts. Chaos 12:4, 985-994.

Chang, L. and Song, J. (2007). Matrix-based reliability analysis of urban infrastructure networks: a case study of
MLGW natural gas network. The 5" China-Japan-US Trilateral Symposium on Lifeline Earthquake
Engineering, Haikou, China.

Chang, S.E., Rose, A.Z., Shinozuka, M., and Tierney, K.J. (2001). Modeling earthquake impact on urban
lifeline systems: Advances and Integration in Loss Estimation. Earthquake Engineering Frontiers in the New
Millennium. Swets & Zeitlinger.



th
The 14 World Conference on Earthquake Engineering
October 12-17, 2008, Beijing, China

Chang, S.E., Seligson, H.A., and Eguchi, R.T. (1996). Estimation of the economic impact of multiples lifeline
distribution: Memphis Light, Gas and Water Division case study. NCEER Technical Report, Buffalo, NY.
Der Kiureghian, A. and Song, J. (2008). Multi-scale reliability analysis and updating complex systems by use of

linear programming. Reliability Engineering & System Safety 93:2, 288-297.

Ditlevsen, H.A. (1979). Narrow reliability bounds for structural systems. J. Stru. Mech. 7:4, 453-472.

Dobson, 1., Chen, J., Thorp, J.S., Carreras, B.A., Newman, D.E. (2002). Examining criticality of blackouts in
power system models with cascading events. The 35" Hawaii International Conference on System Sciences,
Hawaii.

Dotson, W.P. and Gobien, J.O. (1979). A new analysis technique for probability graphs. IEEE Trans. on
Circuits & Systems 26, 855-865.

Federal Emergency Management Agency (FEMA). (2003). HAUZS-MH(MR1). Washington, D.C.

Hainan Power Grid Company (HPGC). (2007). Brief introduction of HPGC facts. Accessed June 1, 2008 at
HPGC website http://www.hn.csg.cn/gaikuang/.

Kang, W.-H., Song, J., and Gardoni, P. (2007). Matrix-based system reliability method and applications to
bridge networks. I[CASP10, July 31-August 3, Tokyo, Japan.

Kroft, D. (1967). All paths throughout a maze. Proceedings of IEEE 55, 88-90.

Kuo, S., Lu, S., and Yeh, F. (1999). Determining terminal-pair reliability based on edge expansion diagram
using OBDD. IEEE Trans. on Reliability R48, 234-246.

Li, J. (2005). Lifeline Earthquake Engineering: Theories and Applications. Science Press, Beijing, China.

Li, J. and He, J. (2002). A recursive decomposition algorithm for network seismic reliability evaluation.
Earthquake Engineering & Structural Dynamics 31, 1525-1539.

Nedic, D.P., Dobson, L., Kirschen, D.S., Carreras, B.A. and Lynch, V.E. (2006). Criticality in a cascading
failure blackout model. Electrical Power & Energy Systems, 28, 627-633.

Panoussis, G. (1974). Seismic reliability of lifeline networks (MIT-CE R74-57). MIT, Cambridge, MA.

Song, J. and Der Kiureghian, A. (2003). Bounds on system reliability by linear programming. J. of Eng. Mech.,
ASCE, 129:6, 627-636.

Song, J. and Der Kiureghian, A. (2005). Component importance measures by linear programming bounds on
system reliability. The 9th International Conference on Structural Safety and Reliability, Rome, Italy.

Song, J., and Kang, W.-H. (2007). Matrix-based system reliability method and applications to structural systems.
The 18" ASCE Engineering Mechanics Division Conference, Blacksburg, VA, USA.

Song, J., Der Kiureghian, A., and Sackman, J.L. (2004). Seismic response and reliability of electrical substation
equipment and systems. PEER Report, University of California, Berkeley.

Taleb-Agha, G. (1977). Seismic risk analysis of lifeline networks. Bulletins of Seismology Society of America 67,
1625-1645.

Taylor, C.W. (1994). Power System Voltage Stability. McGraw-Hill Education, New York, NY.

Torrieri, D. (1994). Calculation of node-pair reliability in large networks with unreliable nodes. IEEE Trans. on
Reliability 43, 375-377.

U.S.-Canada Power System Outage Task Force. (2004). Final Report on the August 14, 2003 Blackout in the
United States and Canada: Causes and Recommendations. Retrieved June 10, 2006 from Department of
Energy website at https://reports.energy.gov/BlackoutFinal-Web.pdf.

Vanzi, [. (1996). Seismic reliability of electric power networks: methodology and application. Structural Safety
18:4,311-327.

Watts, D.J. (1999). Small Worlds: the Dynamics of Networks between Order and Randomness. Princeton
University Press.

Wu, X. and Sha, J. (1998). Full probability decomposition algorithm for network reliability. System Engineering
& Electronics Technology 6, 71-73.

Wu, Z., Chang, L., and Shi, S. (2006). Reliability analysis of power systems under disaster impacts. Santa Fe
Institute CSSS Report, Beijing, China.

Wu, Z., Zhong, Q., and Zhang Y. (2007). State transition graph of cascading electrical power grids, IEEE Power
Engineering Society General Meeting, Tampa, Florida.

Wuensche, A. (2003). Basins of Attraction in Network Dynamics: A Conceptual Framework for Biomolecular
Networks. Modularity in Development and Evolution, Chicago University Press.

Yoo, Y.B. and Deo, N. (1988) A comparison of algorithm for terminal-pair reliability. [EEE Trans. on
Reliability 37, 210-215.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


