Topological and Impedance Element Ranking (TIER) of the Bulk-Power System

Daniel K. Molzahn
molzahn@wisc.edu

Daniel R. Schwarting
danschwarting@gmail.com

Bernard C. Lesieutre
lesieutre@wisc.edu

Christopher L. DeMarco
demarco@engr.wisc.edu

University of Wisconsin-Madison

Abstract

The Electricity Modernization Act of the Energy
Policy Act of 2005 vrequires the creation of
enforceable reliability standards for users, owners,
and operators of the “Bulk-Power System” (BPS).
This paper introduces an algorithm based on
electrical properties of an electric power network
that yields a numeric ranking of its branch elements
as a step towards identifying which elements should
be considered part of the BPS. This ranking depends
solely on network topology and element electrical
characteristics, and is wholly independent of
generator cost functions and system operating point.
Two perspectives for deriving and justifying this
ranking algorithm are described: one based on the
sensitivity of bus-to-branch Lagrange multipliers and
another based on generation shift factors. Summary
results obtained from applying the algorithm to a
detailed model of the US Eastern Interconnection are
reported (with suitable anonymity for any facility
specific data, in keeping with Critical FEnergy
Infrastructure Information (CEII) protections).

1. Introduction

On August 8, 2005, the Electricity Modernization
Act of 2005 of the Energy Policy Act of 2005 (EPAct
2005), was enacted into law [1]. EPAct 2005 adds a
new section 215 to the Federal Power Act (FPA) [2]
which requires the Federal Energy Regulatory
Commission (FERC) to certify an Electric Reliability
Organization (ERO) to develop mandatory and
enforceable Reliability Standards, which are subject
to Commission review and approval. Once approved,
the Reliability Standards are enforced by the ERO,
subject to Commission oversight or the Commission
can independently enforce Reliability Standards. The
Reliability Standards would be applicable to Users,
Owners and Operators of the “Bulk-Power System”
(BPS). The definition for the Bulk-Power System
provided in the statute states

The term “bulk-power system' means-- (A)
facilities and control systems necessary for

operating an interconnected electric energy
transmission network (or any portion thereof);
and (B) electric energy from generation
facilities needed to maintain transmission
system reliability. The term does not include
facilities used in the local distribution of electric
energy.

This definition includes any elements of the
transmission system that are necessary for operating
an interconnected electric energy network to achieve
Reliable Operation, and specifically excludes local
distribution facilities. However, this definition does
not directly yield an objective test to classify an
element as part of the BPS or not.

At the present, FERC has adopted the following
North American Electric Reliability Corporation
(NERC) definition for “Bulk Electric System” [3]
that employs a specific voltage level for generation,
lines, interconnections, and associated equipment as a
generally applicable distinguishing metric:

Bulk Electric System: As defined by the Regional
Reliability  Organization,  the  electrical
generation  resources, transmission lines,
interconnections with neighboring systems, and
associated equipment, generally operated at
voltages of 100 kV or higher. Radial
transmission facilities serving only load with

one transmission source are generally not
included in this definition. [4]

The heart of this definition, unless modified by the
regions, is a voltage-level threshold: generation,
lines, interconnections, and associated equipment
operated or connected at voltages above 100 kilovolts
(kV) are considered part of the Bulk Electric System,
and elements operated at voltages below 100 kV are
generally not included, with the exception of
interconnection lines. This definition has the clear
advantage of being simple to apply; there is no
question as to which elements are included. A
potential disadvantage of this definition comes from
its default disregard for the function of the
transmission elements. Some interconnected electric
energy transmission networks are built with strong



underlying networks at voltages below 100 kV (69
kV being a common voltage), while others will build
networks that serve the same function at 115 or 138
kV instead. As a result, much larger portions of the
electric system may be included in the Bulk Electric
System in some areas, while other areas may have a
fairly small fraction of their transmission system
included even if both are necessary for the reliable
operation of the network.

The largest modification of the BPS definition
comes from the Northeast Power Coordinating
Council (NPCC). The basic premise of the NPCC
definition is that a transmission element should be
included in the BPS if the failure of that element
causes a significant adverse impact outside of a local
area [5]. In practice, this definition leads to the
exclusion of many facilities below 230 kV and even
some facilities at 230 kV and above.

The Western Electricity Coordinating Council
(WECC) offered another definition that outlines a list
of circumstances under which an element should be
included as part of the BPS [6].

The sampling of currently existing definitions
shows the range of definitions and the possible merit
in developing a practical, computable numeric
ranking that may be used to provide structure in 1)
developing a process to distinguish those facilities
that should not be considered part of the BPS from
those facilities that should be considered part of the
BPS, 2) identifying the elements needed to operate
each of the electric interconnections, and 3) ranking
the importance of those elements. The approach we
develop uses a sensitivity analysis to classify
elements. We seek to characterize the potential of an
individual element to modify or impose network
constraints, and in turn, how those constraints impact
dispatchable resources in achieving optimal
operation. Contingencies are the basis for most
constraints and are monitored and controlled in all
portions of the grid in order to achieve Reliable
Operation. The relative magnitude and additional
network locations that are impacted by a contingency
on an element provide a practical, objective approach
to understanding if that element is needed to enable
Reliable Operation of the BPS. In this report we
consider as contingencies the limitation of power
flow on each element in the network, individually,
and rank the elements by their magnitude and spread
of impact among dispatchable resources.

Sensitivity analysis is a standard tool in most
technical fields. In this paper, we present a sensitivity
measure that relates network element constraints to
the optimal profile for dispatch. We review properties
of constrained optimization problems, and in
particular we note that the impact of a constraint is

measured by the associated Lagrange multiplier. In
the power system context we focus on the network-
imposed relation between branch and bus Lagrange
multipliers. While the material to follow is most
easily understood in the context of a traditional
optimization of generator operating cost (or market
offer price) in dollars per hour, it is important to
stress that the characteristics to be used in this
analysis are purely those of the network elements,
and are wholly independent of any dollar-valued cost
function. However, the approach does assume that
the system is being operated in an optimal fashion
with respect to some objective function, and the
commonly used terminology for such an objective is
“cost” function. Hence, for ease of understanding, the
exposition to follow will use the terminology of
minimizing “cost” in a market, so that sensitivities
are then characterized in the familiar units of
Locational Marginal Prices (LMPs in $/MWhr). We
emphasize again that the method does not depend in
any way on knowledge of any generator’s dollars per
hour operating cost or market offer or the existence
of a market in a particular portion of the electric
system. Indeed, it will be the variation in the pattern
of LMPs that are used to compute rankings, rather
than specific numeric values of these prices.

We calculate the mathematical sensitivity relating
the marginal cost of curtailing flow along an element
(branch Lagrange multiplier) to a vector of variation
in the marginal cost profile of dispatchable resources
in optimal dispatch (variation in bus Lagrange
multipliers). While we have not seen this particular
problem presented in the literature in this context,
there are related works that use similar sensitivity
analyses that influenced the choice for this approach.
Researchers have developed a market sensitivity
approach to identify load pockets and market
participants who may have market power potential
[7], [8]. The dispatch/price sensitivities allow the
identification of market participants who can adjust
prices without changing dispatch.

In [9], the relation between branch constraints and
LMPs is formally studied. When neglecting losses,
LMPs must be uniform (i.e., equal at every generator
or dispatchable resource) in the absence of
constraints. When deviating from this uniform cost
situation, the incremental dispatch profile required to
curtail flow along an element imposes a pattern of
what are termed ‘“admissible” LMP changes. The
exact amount of change realized along this new
degree of freedom in the optimal power flow solution
depends upon the cost functions for dispatchable
resources; however, the pattern of LMP changes (i.e.,
the relative amount of change at each location) does
not depend on cost functions.



Using the relation between line elements and
admissible LMPs, we perform a sensitivity analysis
of the branch Lagrange multiplier to variation of the
bus Lagrange multipliers (LMPs). This analysis is
then used to rank branch elements by their relative
ability to impact variation among LMPs at
dispatchable resources.

In the absence of any imposed limit or controls on
facilities, optimal dispatch results in generators
operating at a point for which the slope of all
generators’ objective functions are equal (e.g., equal
incremental costs). Equivalently, in a market setting,
generators operate at equal LMPs. We assert that
elements in a local distribution network cannot
influence this pattern in the optimal result: generators
continue to operate at equal LMPs if a local
distribution-only element is curtailed. Conversely,
when facilities in the transmission network are
curtailed, these elements can impact the pattern of
LMPs at an optimal solution.

Using a power system model containing
topological information and branch electrical
characteristics, we calculate a vector of sensitivities
for variation in generator LMPs to the marginal cost
of redispatch associated with curtailment of a branch
element. The information in the sensitivity vector is
condensed to a scalar TIER metric that measures
variation in LMPs at optimal dispatch; i.c., this
metric characterizes the degree to which the pattern
of admissible LMPs departs from the uniform, all
equal pattern that must exist at an unconstrained
solution. For local radial distribution elements, all
their TIER values will equal to zero, identically. For
other elements, the TIER value can be used in the
ranking and classification of facilities.

2. Mathematical Development

In this section, we derive the TIER metric for
ranking branch elements (power lines and
transformers) in a power system model. Shunt
elements such as shunt capacitors and reactors,
SVC’s, STATCOM’s, etc. are not included.

We consider three desirable properties for the
TIER metric: 1) The metric should be computable
through a clearly defined algorithm, with practical
input data requirements, and should reflect the
elements’ electrical characteristics and system
topology. 2) Any element that only serves radial
loads may be considered as having the characteristics
of distribution elements, and radial connections to
generating plants should have a high importance. 3)
The metric should be independent of generator cost
functions.

There are two perspectives on the TIER metric,
one based on LMP sensitivities and another based on
generation shift factors. While the LMP sensitivity
formulation has computational advantages and will
therefore be used in the systems analyzed in this
paper, the two methods give equivalent results.

2.1. LMP Sensitivity Formulation

The LMP sensitivity formulation is based on the
DC Optimal Power Flow Model (DCOPF), which is a
linear approximation of the more detailed AC Power
Flow Model [11]. The key differences between these
models are that the DCOPF neglects losses and
reactive power.

The DCOPF can be derived from the AC power
flow. Consider the active power flow through a
branch element

P, = bysin(8, - 6,) = b,(6, -6,) )

where P;, b;, 6,, and 6, denote the active power flow
along the line, the line susceptance (electrical
characteristic), and voltage angles at the terminal
buses. The more exact nonlinear trigonometric sine
function is replaced by its linear “small angle
approximation.” It is convenient to mathematically
represent all the line power flow relations in
matrix/vector form

Pﬂow = dlag(b)ATe (2)

where Py, is the vector of power flows along branch
elements, @is a vector of voltage angles at each bus,
diag(b) is a diagonal matrix of branch susceptances,
and A4 is a “node-to-branch incidence matrix” [12].
Matrix A4 describes the connections made by the
branch elements, with one row for each bus and one
column for each branch element. Each column of 4
has two nonzero entries: a 1 in the row corresponding
to the bus where the branch element begins and a -1
in the row corresponding to the bus where the branch
element terminates. The direction is arbitrarily
defined.

The DC power flow model relates the power
injected at bus locations to bus voltage angles,
described mathematically by

B, = AP, = Adiag(h)4"6 3

This demonstrates the dependence on topology with
matrix 4 and on electrical characteristics with
diag(b).

A standard constrained optimization approach is
used to optimize the DC power flow problem. The
objective function will be denoted as C(P,), and may
be thought of as the production cost of generation.
The exact nature of this function will not influence



our result. Our problem is minimizing the system cost
with the DC power flow constraints and a single
additional constraint associated with a branch
element (we consider each element independently).
For each element our problem is

rg%gl C(P;) subject to

P, = Adiag(h) A"6 and “)
Eine = blineAlZzee

where Pj,. is a scalar limit imposed on the branch
element power flow, b, is the branch susceptance,
and A, is the column of A4 corresponding to the
constrained element.

This problem can be solved using the classic
method of Lagrange multipliers. The Lagrange
function is written for this problem as

L(P,,0) = C(P) + X (4diag(b) 46 - P,))
+ luline (b/ineAlz:zee - B

e

(5)

In (5), both 4 and u;,. are Lagrange multipliers
associated with the constraints. In economic terms, 4
represents a vector of “shadow prices” of each bus
constraint. In power systems terms, this vector 4
contains the locational marginal price at each bus in
the system. Similarly, x4 can be thought of as the
shadow price of the line’s power (i.e., the incremental
cost of curtailing the line’s flow by one megawatt).
The values of Lagrange multipliers provide a metric
with which to compare the impact of line constraints.

Setting the derivatives of the Lagrange function
equal to zero will yield the Karush-Kuhn-Tucker
necessary conditions for optimality that must be
satisfied at any solution of the constrained
optimization problem. The relationship between A
and u;;,. comes from a subset of these conditions that
are associated purely with the network’s behavior. In
particular, we employ the condition arising from the
derivative with respect to € being set to zero:

L(P,.6)
26

From this equation, it is possible to obtain a
relationship between A and u;,. which does not
depend on the generator cost functions C(P,).
Solving (6) for the variation in A (suppressing a
common uniform component) in terms of £, results
in the profile of LMP sensitivities which we use to
rank model elements.

To understand the possible solutions to (6), it is
instructive to consider the equation with no
constraints:

IL(P,,6)
J0

= Adl(lg(b)AT//t + Alineblineluline =0 (6)

= Adiag(b)A" A1=0 (7)

Because the matrix 4 diag(b)A” is singular, there
is a meaningful nontrivial solution to this equation

A = constant 8)

In the context of power system economic
dispatch, this constant would be the value of equal
marginal costs, or in a market setting, uniform LMPs.
Additional information about costs (market offers)
would be necessary to determine the value for the
constant A; however, the sensitivities we derive do
not depend on cost functions.

The constraint in (6) adds an additional degree of
freedom to the possible solutions

A =constant + 4, 9)

where Ay is a zero-sum vector that is orthogonal to
the constant vector. While we cannot compute the
values for the constant or for A; we can determine
the pattern imposed on the solution: the constant is a
uniform vector of equal values and A7 is a zero-sum,
non-uniform vector that takes on a computable
pattern of values scaled by the line Lagrange
multiplier ;.. We seek to calculate the pattern of
values for the non-uniform vector Ay This pattern is
the sensitivity of the variation in bus Lagrange
multipliers (A7) to line Lagrange multipliers ().

To solve for Ay in terms of f4;,., we augment the
constraint equation with an equation that brings out
only the solution that is orthogonal to any constant
vector

Adiag®)A" Ay by | A | (10)
1T 0 Hiine

where 17 is a row vector of all ones.

The solution to (10) can be easily obtained using
tools for solving linear algebraic equations, and can
be easily applied to very large-scale power networks
using sparse matrix techniques.

In the case where there are no constraints, the
flow on any element can change freely and all LMPs
are equal. When the flow on an element is curtailed,
its associated Lagrange multiplier will not be zero
and variation in bus Lagrange multipliers, the LMPs,
will arise across the network. Although the full
solution for LMPs cannot be determined without
generator cost data, the LMP variation profile can be
determined from (10). The effect on generation
dispatch can be compared by examining the effect of
LMPs at generator buses. If a flow curtailment on a
certain transmission element affects all generator
LMPs equally, then the curtailment has no effect on
generation dispatch profile. Conversely, a curtailment
that affects generators unequally will have an impact
on generation dispatch. In this case, the system
dispatch loses a degree of freedom and the possible



LMPs gain a degree of freedom. In mathematical
optimization terminology, the primal variables (P,
and 6) lose one degree of freedom, while the dual
variables (LMPs) gain a degree of freedom.

The LMP variation sensitivity Ay from (10) has
entries associated with each bus in the system. Since
practical power systems can have thousands of buses,
the full Ay vector has an impractically large amount
of data to use for ranking. Our goal is to characterize
in a single numeric quantity how far the system has
deviated from the unconstrained case of equal LMPs.
Therefore, the TIER method calculates the standard
deviation of values in the vector of LMPs associated
only with dispatchable resources (typically
generators, though controllable, dispatchable loads
can also be incorporated). This provides a practical,
easily computable scalar metric to rank elements. The
standard deviation is a 2-norm of the deviations of
the Lagrange multipliers associated with dispatchable
resources away from their mean. Other common
norms we considered include the 1-norm (the sum of
the absolute values) and the infinity-norm (the largest
absolute value). However, the 1-norm fails to
consider large local impacts, such as a line which is
the only connection from the majority of the system
to a number of generating units. Conversely, the
infinity-norm under-emphasizes elements which
cause modest impact over most of the transmission
system. The two-norm balances these two situations
well. Denoting Arzy to be the subset of Ay associated
with dispatchable resources, the TIER value for a
branch element is defined to be

'HERMe=sm(éEKj (11
Iu/ine

where std denotes standard deviation.
2.2. Generation Shift Factor Formulation

For the reader familiar with electricity markets,
but less familiar with the role of Lagrange multipliers
in optimization theory, the previous development for
the TIER may appear to only apply in a market
setting, despite our comments to the contrary. This is
not the case and we present next another formulation
of the TIER method using generation shift factors.
Shift factors are commonly used to give a linear
approximation of changes in generator dispatch to
changes in transmission element flows. Shift factors
allow for an alternate DC power flow model that
eliminates the set of phase angle decision variables
(6). A shift factor matrix S with one row for each
transmission element and one column for each
generator is defined using the formula

_ AP
e~ p (12)

g

S)

[ represents the index of the branch element in
question and g represents the index of a generator.
AP, represents the change in power flow on line /
caused by a change of AP, in the generation of
generator g. Using S, we can rewrite (4)

r1113in C(P,;) subjectto

2P =2k (13)

|S P,| < P

The first constraint of (13) is a system-wide
balance of power. The second constraint reflects the
fact that the real power flow on each branch element
must remain within its limit.

As with the original formulation, we examine the
hypothetical situation where exactly one element
(referred to as element k) is constrained.

rr}ljzn C(F,) subject to

2h=2k (14)

SkPg = Plimit,k

Sy represents the & row of the matrix S. This vector
is equal to the vector of LMP variation sensitivities
calculated through the original derivation (A7) except
for a reference-bus dependent constant offset. Since
we are eventually taking the standard deviation of the
entries in this vector, the constant offset actually will
have no effect on the final results. Using this
formulation, the definition of the TIER value for the
K" line is given by

TIER, =std(S,) (15)
where std denotes standard deviation.

This approach offers additional intuition into the
TIER values. Any line which has widely varying shift
factors will have a fairly high TIER value, while any
line with zero (or almost zero) shift factors for every
generator will have a zero (or very low) TIER value.

Computational issues make the shift factor
formulation more difficult to implement than the
LMP sensitivity formulation. To calculate shift
factors, the output of each generator must be varied,
one at a time, to determine the effect on transmission
element flows. However, to calculate the TIER
values, we need the effect of each generator on only
one line. Therefore, we would need to calculate the
entire S matrix before calculating TIER values. The S
matrix is not sparse and the memory requirements
can become prohibitively large for practical power
systems. Conversely, the line-by-line approach used
in the LMP sensitivity formulation enables us to
calculate one line’s sensitivities, calculate the TIER



value, and then immediately discard the sensitivities
to conserve memory.

As mentioned earlier, the shift factor vectors are
only a constant offset away from being exactly equal
to the LMP variation sensitivity vectors. This
constant, which is different for each transmission
element, is dependent on the choice of the system
reference bus. Since the standard deviation
calculation is invariant to a constant offset, the choice
of reference bus has no effect on the final TIER value
results.

3. Example

To illustrate the TIER method, we apply the LMP
variation sensitivity formulation to the small system
shown in figure 1.

B7 —. B8 ‘ B9

L9 L10

B1 -I' B3'|-
=T
L6
L7
B 6

v
Figure 1. A small example system

The node-to-branch incidence matrix A, which

contains the system topological information, for this

system is

1 1. 0 0 0 0 0 1 0 O]
-1 0 1 0 1 0 0 0 1 0
00 0 0 -1 1 0 0 0 1
0 -1 -1 1 0 0 0 0 0 0
A= 0 0 0 -1 0 -1 1 0 0 0
00 0 0 0 0-1 0 0 0
00 0 0 0 0 0-1 0 0
00 0 0 0 0 0 0-1 0
00 0 0 0 0 0 0 0 —1

In this example, we set all susceptance values to
10, so diag(b) is a diagonal matrix with values of 10
on all diagonal elements. With uniform electrical
characteristics, all differences in results may be
attributed to system topology.

The TIER value calculation for line L1 will be
performed in detail. Solving (10), where A4, is the
first column of 4, gives the variation of 4 in terms of

Hii-

[—0.4040 |
0.2323
0.1414

—0.0404
0.0505 |u;,
0.0505

—0.4040
0.2323

| 0.1414

The TIER value for L1 is calculated as the
standard deviation of three entries of this vector that
correspond to generator buses. These are the entries
for A;, g, and A¢. The TIER value is

o, = std(-0.4040, 0.2323, 0.1414) = 0.344

Repeating the calculations for the remaining lines
yields the following results

Table 1. TIER values for small example system

EE SN N NN
Il

Line TIER Rank
number value

1 0.344 5

2 0.241 6

3 0.139 9

4 0.189 7 (tied)
5 0.396 4

6 0.189 7 (tied)
7 0.000 10

8 0.577 1 (tied)
9 0.577 1 (tied)
10 0.577 1 (tied)

There are three important observations from these
results. First, the radial transmission element L7 that
connects loads to the rest of the system has a TIER
value of zero. This is entirely a result of topology,
and is consistent with the Bulk-Power System
definitions reviewed in Section 1 that require radially
connected elements that only serve loads to be
classified as distribution elements.

Second, the TIER values for radial elements that
connect generators to the rest of the transmission
system (lines 8, 9, and 10) are equal. This is also a
result of topology. Although these are the most
important elements in this small example system,
radial generator connections will tend to become less
important than the high-voltage backbone in larger
systems.

Third, transmission elements that primarily
connect generators (lines 1 and 5) are ranked fairly
high. Elements that are closer to only loads (line 4)
tend to be ranked lower.



4. Results

The TIER method was applied to a detailed
model of the Eastern Interconnection of the US
electric grid. While TIER values are automatically
calculated for all elements in the model, we only
discuss those elements within the USA. These results
are from an actual planning model used in industry.

This model consists of nearly 50,000 buses and
60,000 branch elements in the United States. It is
interesting to note that a significant percentage of the
facilities in this model would not be included in the
NERC definition for Bulk Electric System: slightly
more than one half of the bus voltages and more than
one third of the branch elements are below 100 kV.

The computation of TIER values for all elements
in the model took approximately one hour on a laptop
of modest computing power using MATLAB
software. The vast majority of computational effort is
consumed calculating the null space of a large matrix.
The rankings appeared intuitively reasonable.
Qualitative trends expected of the rankings were
observed; for example, high-voltage elements were
generally ranked more highly than low-voltage
elements. However, for instances in which the rank
assigned a network element did not follow the
expected voltage trend, further scrutiny revealed
sound reasons grounded in the network topology that
justified the high or low TIER value.

One of the qualitative features most expected, and
confirmed by the analysis results, was that higher-
voltage lines should typically have higher importance
values. Clearly, the extra-high voltage (EHV)
backbone of any system is generally considered one
of the most important parts of the system. The low
per-unit impedance and high thermal ratings of EHV
elements means that power flowing over long
distances will tend to predominately use these
elements. Table 2 shows the trend of increasing TIER
values with higher voltage. For this table, any
transformers are listed under the highest voltage level
to which they are connected. For example, a 345-115
kV transformer is included in the 345 kV category.
Generator step-up transformers and all connections to
radial loads are excluded.

Table 2. TIER values vs. voltage

While the average TIER value tends to increase as
the operating voltage increases, confirming the
“typically” expected trend, the range of importance
values among elements within a given voltage level
is relatively large. This leads to substantial overlap
between TIER values assigned to elements across
different voltage levels; for example, a significant
fraction of the elements operated at 345 kV are
ranked above a number of the elements operated at
500 and 765 kV. This shows that the topology of a
system can have a significant effect on the
importance of a network element, regardless of the
voltage level at which it is built and operated.

A property of the results that is potentially
relevant to classification can be seen in the
distribution of the TIER values. Figure 2 shows the
TIER values on a base-ten logarithmic vertical scale
versus the element rank on the horizontal scale. The
logarithmic vertical scale means that elements with
zero importance value (associated with lines serving
radial loads) are off the scale towards the negative.
Generator step-up transformers are not included in
this TIER ranking.

Additional structural features of the method can
be observed from this graph. First, the most
important elements, which are located on the far left
side of the graph, span a fairly wide range of TIER
values (approximately an order of magnitude on the
logarithmic scale). Second, there is a steep drop-off
in TIER value for those elements ranked in the range
of roughly 42,100 to 43,700. This indicates that there
is a fairly small percentage of elements (fewer than
3%) in the system having TIER values below 10™ but
greater than the “hard” zero value that is assigned to
radial load serving elements. And there are fewer
than 600 elements (approximately 1%) with a TIER
value between 10 and zero.

TIER Value

Voltage Lowest Average | Highest
765 kV 0.0032 0.0354 0.1022
500 kV 0.0015 0.0264 0.1480
345kV 7.3 %107 0.0159 0.1343
220/230 kV 9.6x101 | 0.0085 0.0761

100 — 199 kV 1.5x 10" | 0.0049 0.0602

51 -99 kV 1.0x 10" | 0.0027 0.0279

<50 kV 48 x 10 | 0.0042 0.0279

1 L 1 L - 1
10,000 20,000 30,000 40,000 50,000 60,000
Element Rank

Figure 2. TIER value vs. rank



As a different view of the data shown above,
figure 3 displays the density function of TIER values
(i.e., the vertical axis displays the relative frequency
of occurrence, with respect to the TIER values
displayed on the horizontal axis). To enhance
readability, the data set is filtered before constructing
the density plot. In particular, data associated with
radial load elements, that would have contributed a
large “spike” at a zero TIER value, is uninformative
and is not included in the plot. Likewise, data for
elements that form radial connections to generators,
which all yield identically equal TIER values, is also
eliminated. The resulting plot then clearly displays
the same trend as figure 2: a few very high TIER
values, a relatively large number of TIER values
between about 10" and 10, and a very small number
of elements with TIER values below that range.

Relative Density

.
10" 10" 10° 10° 107 ©

TIER Value

Figure 3. Distribution of TIER values

Finally, as a way of interpreting a combination of
results shown in the table of voltage levels and in the
previous graphs, one can plot the relative distribution
of TIER values at each voltage level separately. This
gives a graphical representation of the general trends
observed in the results: as an average across the
group, elements with higher operating voltages have
higher TIER values, but the variation within a voltage
level is large enough to provide significant overlaps
between voltages. As with the previous graphs, the
TIER values here are plotted on a base-ten
logarithmic scale. The plots were created with
MATLAB’s ksdensity function, which creates a
smooth density function such that the area under the
function integrates to exactly 1. The curves were then
scaled by multiplying each curve by the number of
elements in that voltage class. The TIER values for
lines and transformers are presented in figure 4. For
the purposes of distinguishing by voltage,
transformers are categorized by their highest voltage
level. For example, a 500-138 kV transformer is
categorized with the group 500/765 kV. For these

Relative Density

plots, radial connections to loads and generators were
eliminated.

The TIER values observed in figure 4 show a
general correlation to voltage level, with the higher
voltage elements tending to have higher TIER values.
However, the overlap in distributions confirms that
any partitioning of elements by voltage level will
differ considerably from partitioning of elements by
TIER value.

25,000

20,000
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Figure 4. Distribution of TIER values by voltage

5. Discussion

There are several important issues relevant to
TIER. First, for an element to be ranked, it must
explicitly appear in the model. Equivalencing
methods are sometimes used to approximate multiple
physical components by a smaller number of
fictitious elements in the model. Such equivalencing
undermines the objectives of this work. The TIER
method relies on a suitably complete and detailed
network model as input. Even if a detailed
representation of the network section of interest is
present, the approximation and errors associated with
equivalancing outside the area of interest can
propagate to perturb rankings computed for “non-
equivalenced” elements located near the edge of the
network section of interest. These elements tend to be
ranked lower than they would otherwise have been
because equivalencing eliminates the possibility of
loop flows. The most straightforward way to avoid
this issue is to use a detailed model of the entire
interconnect, as was done with the Eastern
Interconnect model in this paper.

A second issue regards the comparison of TIER
values between different systems. TIER values are
intended as a relative measure in comparison with
other elements in the same system. Inherent to the
TIER algorithm 1is the fact that the absolute
importance value of an individual element will tend
to be smaller if that same element is placed within a



larger system. This simply reflects the physical
reality that one single element will typically have
smaller absolute impact on the overall system if that
system is composed of a very large number of power
carrying paths. This property will have no effect on
comparing the importance of network elements in the
same system. However, with the scaling methods
used in this analysis, importance value comparisons
from one system to another are not valid.

A third issue involves the robustness of the
mathematical model. In computing TIER values, we
have chosen the simplification of the DC power flow
approximation to represent the network electrical
behavior. The “small angle” approximation used in
the DC power flow is a widely used and valid
approximation, but neglects potential impact of
changes in system operating point. We were initially
concerned that a potentially more accurate
linearization about the exact power flow solution
would result in significantly changed TIER values
relative to the simpler small angle approximation.
However, as shown in [10], empirical evidence using
a PJM system model indicates little difference
between the two calculations. This reinforces the
appropriateness and validity of the DC power flow
approximation and indicates that the TIER values can
be calculated quite accurately without the need for
the data of a full power flow solution at a particular
operating point.

A fourth issue that must be addressed for many
practical system models regards actively controlled
series elements. Actively controlled series elements
that effectively respond in real time were treated as
active power dispatchable resources. In our analysis,
high voltage DC lines and variable frequency
transformers were treated in this way. Phase shifting
transformers, which can be adjusted but are not
typically continuously controlled, were modeled as
series impedances. If warranted, some phase shifting
transformers could be treated as dispatchable
resources depending on the installation and its
controls.

A fifth issue in using TIER involves changes in
in-service status. The TIER value for each element
may change as the system configuration changes with
lines and generators going into and out of service.
Given the low computational cost of the TIER
method, it is reasonable to suggest that the TIER
rankings obtained from a number of representative
system configurations could be used in concert to
judge which elements belong to the Bulk-Power
System. For the binary task of assigning an element
as part of the BPS, or not, the facility should be so
assigned if it is identified to be part of the BPS under
any credible operating status.

Finally, TIER does not attempt to create a
comprehensive list of all facilities that should be
considered part of the BPS. Rather, the facilities
identified as important by TIER construe a minimum
set of important facilities. Further investigation will
be necessary to identify other important facilities. For
instance, shunt elements such as Static VAR
Compensators are not included in TIER. It is likely
that the classification of many of such facilities as
part of the BPS will be obvious and consistent with
the classification of the neighboring connected
branch elements. Other criteria to identify additional
facilities to include in the BPS may also be used. For
example, the phenomenon of Fault-Induced Delayed
Voltage Recovery has been the subject of a recent
NERC whitepaper [13]. This is a load-driven
phenomenon that can impact the transmission grid
following a brief (and normally cleared) fault.
Detailed analyses of this phenomenon might argue
for the inclusion in the BPS of additional facilities
that predominately support load and that may not be
highly ranked by TIER.

6. Conclusion

We have presented a practical, objective,
computable numeric method for ranking branch
elements in a power system model relative to one set
of actions necessary to assure Reliable Operation of
the interconnected electric energy transmission
network. The chosen action is based on generation
redispatch and is measured in terms of the sensitivity
of bus-to-branch Lagrange multipliers, or locational
marginal prices, to a marginal cost of redispatch in
controlling flow along an element. A standard
deviation to measure variation from uniform
marginal cost dispatch (uniform LMP for markets)
for dispatchable resources is used for a scalar metric
which is defined as Topological and Impedance
Element Ranking (TIER). TIER values for radial
loads will be zero. We emphasize the following:

* The model and -calculation employ only
topological information about the network
and electrical characteristics of the elements.

* The analysis does not require any knowledge
of specific cost functions.

* The analysis may be performed without data
on a specific operating point of the system
(i.e., full power flow solution is not required).

e The calculations are straightforward, of
modest computational cost, and can be
performed using ordinary consumer level
computers and MATLAB software.



e Generation shift factors provide an alternate
perspective to interpret the TIER values.

We have applied this method to several large
system models, including the US Eastern
Interconnect model detailed in this paper. A typical
distribution of importance rankings is characterized
by a sharp transition region corresponding to
relatively few elements separating the zero-valued
connections to radial loads and a region with
elements that have intermediate TIER value. We also
note that while the TIER value for typical elements
tends to decline on average with voltage level, there
is significant overlap in TIER values between voltage
levels. Therefore, partitioning of elements by voltage
level will differ considerably from partitioning of
elements by TIER value. System topology plays an
important role in determining TIER values, and
topology inherently is not reflected in any voltage-
based classification.

Further research is warranted to consider
normalizing the TIER metric to allow for absolute
comparisons between different networks. Future
research could also focus on application of the TIER
metric to study critical system facilities. In the
present work, we focus on distinguishing distribution
elements at the low end of the TIER scale. It would
be valuable to compare how the metric ranks critical
elements at the high end relative to other impact-
based analyses.

7. Acknowledgments

This work was supported by the Federal Energy
Regulatory Commission (FERC), Office of Electric
Reliability. The authors would also like to
acknowledge the Consortium for Electric Reliability
Technology Solutions (CERTS) for support of
previous research that led to this effort.

8. References

[1] Energy Policy Act of 2005, Pub. L. No 109-58, Title
XII, Subtitle A, 119 Stat. 594, 941 (2005), to be codified at
16 U.S.C. 8240, Available at
http://www.epa.gov/oust/fedlaws/publ _109-058.pdf

[2] Federal Power Act, Section 215, Available at
http://homeland.house.gov/SiteDocuments/2008052114162
1-50243.pdf

[3] FERC Order 693, Mandatory Reliability Standards for
the Bulk Power System, March 16, 2007.

[4] NERC Glossary, Available at
http://www.nerc.com/files/Glossary 12Feb08.pdf

[5] Northeast Power Coordinating Council, Inc. Document
A-10: “Classification of Bulk Power System Elements.”
April 28, 2007. Retrieved from
http://www.npcc.org/viewDoc.aspx?name=A-
10.pdf&cat=regStandCriteria

[6] Western Electricity Coordinating Council. “Bulk
Electric System.” Retrieved from http://www.wecc.biz/
committees/ BOD/RPIC/91108/Lists/Agendas/1/4_Bulk%?2
OElectric%20System%?20Definition WECC.doc

[7] B. C. Lesieutre, R. J. Thomas, and T. D. Mount,
“Identification of Load Pockets and Market Power in
Electric Power Systems,” Journal on Decision Support
Systems, vol. 20, pp. 517-528, November 2005.

[8]1 M. B. Cain and F. L. Alvarado, “Metric for Application
of Revenues Sensitivity Analysis to Predict Market Power
Coalitions in Electricity Markets,” Proceedings of the 36th
Annual North American Power Symposium, Idaho, pp. 1-8,
August 2004.

[9] D. Chéverez-Gonzalez and C.L. DeMarco; “Admissible
Locational Marginal Prices via Laplacian Structure in
Network Constraints,” IEEE Transactions on Power
Systems, vol. 24, no. 1, pp. 125 - 133, Feb. 2009.

[10] B. C. Lesieutre, C. L. DeMarco, and D. R. Schwarting.
Topological and Impedance Element Ranking (TIER) of
the Bulk-Power System Preliminary Report. Prepared for
the Federal Energy Regulatory Commission. August 2009.
Auvailable at
http://www.ferc.gov/eventcalendar/Files/20090911112656-
TIER%20REPORT.pdf

[11] Glover, J. Duncan, Mulukutla S. Sarma, and Overbye,
Thomas J. “Power System Analysis and Design,” 4" Ed.

[12] Leon O. Chua, Charles A Desoer, and Ernest S. Kuh,
“Linear and Nonlinear Circuits,” McGraw-Hill, New York,
NY, 1987.

[13] NERC Transmission Issues Subcommittee, “Fault
Induced Delayed Voltage Recovery,” December 2008.
Available at
http://www.nerc.com/docs/pc/tis/FIDV_R_Tech Ref V1-
1_PC_Approved.pdf




<<
  /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


