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Abstract: Application of the Bayesian Belief Nets
in dam safety monitoring. The systems for earth
dam monitoring should enable measurements of
basic physical parameters describing the behav-
ior of the structure, including: soil water pressure,
soil stress, displacements, leaks, and drainage dis-
charges. In the case of earth dam safety assess-
ment, the monitoring data are used to detect any
anomalies in dam behavior. In this paper, the dam
safety has been analyzed using the Bayesian Nets.
Two types of information: water pressure mea-
surements and drainage discharge measurements
are used in analyses. The seepage anomalies in the
Klimkéwka Dam were considered in demonstrate
the practical advantages of using the Bayesian
Nets for monitoring data interpretation. Presented
examples of the Bayesian Nets applications (for-
ward and backward propagation) in analysis of
seepage through earth dams show that this method
can be an effective tool supporting an assessment
of dams technical condition and monitoring of the
dam safety.

Key words: Bayesian Nets, dam safety, dam mon-
itoring.

INTRODUCTION

In this paper, we consider the interplay
among engineering monitoring, mod-
eling, and management (Em’), with
particular emphasis on dam safety. The
engineering community has been work-
ing on dam safety assessment for many
decades. The physical/mechanical and
chemical principles of the relevant proc-
esses have been described in the litera-

ture, and are reasonably well understood.

One could argue that there is always room

for improvement in our understanding,

and we do not disagree with this argu-
ment. Our professional experience tells
us, however, that while the principles are
well understood, the practical applica-
tions of such to the problem of dam mon-
itoring and safety are frequently flawed
and characterized by the lack of rigorous
methodology for dam its monitoring and
safety assessment (Vick 2000; Jeon et al.

2009). In particular, we have often en-

countered the following problems:

1. Monitoring by checklist. Most of the
time, the one-size-fits-all philosophy
is used, i.e. the assessment monitor-
ing parameters do not reflect specific
site features, and there is no clear
connection between monitoring de-
sign and specific geo-hydro-chemical
conditions.

2. Engineering by Rules of Thumb.
These Rules of Thumb are clearly
easy to enforce and report, but there
1s no mechanism, or effort, to demon-
strate that their fulfillment will actu-
ally effectively help in reaching the
safety objectives.

3. Lack of clear decision framework. It
is very seldom that we see an effort
to anticipate the decision pathways
based on the future monitoring in-
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formation, and its use in dam safety
diagnosis. The typical practice is that
data is first collected, and then one
tries to figure out what to do with it.

4. Lack of a coherent data analysis/eval-
uation framework. Even the collected
data are not properly analyzed and/or
visualized, since it is generally not
known how, and particularly why to
use it.

5. Lack of meta-modeling framework.
Various models are used to simulate
the mechanical, hydrologic phenom-
ena in dams without explicit, or even
implicit, consideration given to the
true modeling objectives. Further-
more, the model choice is more often
based on its availability or familiarity
rather than on the project objectives.

6. Lack of methodology for assessing
the value of information. Hence there
is no clear way to choose among vari-
ous monitoring scenarios/systems.
As a result of these problems, in the

realm of Em>, we are faced with a con-
siderable waste of resources. We believe
that there is a strong need for a frame-
work that would enable us to address si-
multaneously the following questions:

* Why, what, where, when (the four
w’s), and how to monitor it?

* What models to use?

® When are sufficient data for decision-
making available in the context of the
engineering, safety objectives and
site specifics?

* How does one estimate the value of
information?

* What consistent methodology could
be utilized to utilize any new moni-
toring information in assessing dam
technical conditions and state?

* How to design efficient systems for
monitoring dam safety?

In the case of earth dam safety assess-
ment, the monitoring data are used to de-
tect any anomalies in dam behavior. The
data could be, and are, analyzed using
a variety of methods. Frequently these
methods are limited to either determin-
istic models, or simple regression. How-
ever, we observe that the safety assess-
ment procedure is intrinsically probabi-
listic, since the expert knowledge used
in the assessment, as well as the data
utilized in the procedure, are character-
ized by some, often high, degree of un-
certainty. Such assessment belongs to a
larger class of problems known in the Al
literature as “‘probabilistic reasoning”.
Experimental statistics demonstrates
that human brain is not particularly well
suited to processing uncertain data mu-
tually interconnected via probabilistic
relationships. We thus seek assistance
form a more rigorous procedure, namely
Bayesian Belief Nets (BBNs) (Russel
and Norvig 1995). In short, BBNs are a
tool for propagating new findings in a net
of nodes (in general, random quantities)
connected via probabilistic links (in gen-
eral, conditional probabilities).

EARTH DAM MONITORING

The systems for earth dam monitoring
should enable measurements of basic
physical parameters describing the be-
havior of the structure, including: soil
water pressure, soil stress, displacements,
leaks, and drainage discharges. To moni-
tor these quantities the following devices
are frequently used: piezometers, tensi-
ometers, dynamometers, flumes, etc. In
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this paper we will consider only some of
these measurements, our purpose being
to demonstrate how the proposed meth-
odology works in general. Site-specific
applications will require a careful con-
sideration of multiple sources of infor-
mation, and the interaction among vari-
ous types of information.

For the illustration purposes we have
selected two types of information: 1)
water pressure measurements using pi-
ezometers, and 2) drainage discharge
measurements using discharge flumes.

To illustrate the proposed methodol-
ogy, we consider the problem of seepage
through an earth dam. In the dam depict-
ed in Figure 1 there are two structural
elements lengthening the seepage route
and thus contributing to the dam safety.
These elements are: 1) a concrete screen
on the upstream slope of the dam, and
2) a clay reservoir seal (known as blan-
ket) connected to the screen. This type of
anti-seepage solution has been used, for
example in the Chancza Dam (Mirostaw-
-Swiatek et al. 2009). The seepage be-
havior is monitored by two sets of pi-
ezometers, one on the upstream side of
the dam (P1), and one on its downstream

concrete facing membrane

P1
NWS v

\ piezometer fiter ___— !

clay blanket

side (P2). In this case, the principal cause
of water table rise in P1 and/or P2 could
be structural damage in the anti-seepage
structures, either the concrete screen or
the clay seal. This simple scenario could
be summarized in the form of BBN de-
picted in Figure 2. The structural element
nodes (in the lingo of the BBNs, parent
nodes) have two states each, namely ei-
ther the element is damaged (state = T)
or not (state = F). In the tables next to
the nodes related to the structural ele-
ments we show the a priori probabilities
of their damage. Next to the observation
nodes (called child nodes) we show the
conditional probabilities of water level
rise in the piezometers, conditioned on
the state of the structural elements. The
entries in the tables are typically estimat-
ed based on the expert knowledge.

Such Bayesian Net enables one to
address a set of simple questions: what
is the probability of water table rise in
P based on the state of each of the struc-
tural elements. This type of reasoning is
called forward propagation, and could
be readily performed using Monte-Carlo
simulations (Korb 1995). A much more
interesting us of the Bayesian Nets is the

P2

FIGURE 1. Example of earth dam with sealing element (concrete membrane, clay blanket) and piezo-
meters (P1, P2) monitoring water level in dams shell (NWS — normal water surface)
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FIGURE 2. Example of Bayesian Net in earth dam monitoring. Letters E, F, W mean following events

CLINT3

“screen damage”, “blanket damage”,

backward propagation of the findings.
The relevant question is: what is the
a posteriori probability of element dam-
age given the piezometer observations.
For the net depicted in Figure 2, such
estimation of a posteriori probabilities
could be readily accomplished by a direct
use of Bayes’ rule. However the computa-
tion becomes significantly more involved
when there are a number of interconnect-
ed parent and child nodes (Cooper 1990).
In such situations it is necessary to use the
computer BBN software, either free for
relatively simple problems (with a lim-
ited number of nodes), or commercial, for
more complex nets.

To demonstrate the practical advan-
tages of using the Bayesian for monitor-
ing data interpretation, we consider the
seepage anomalies in the Klimkdéwka
Dam (Florkowski 2005).

The Klimkowka Dam is an earthen
structure with a clay core located above
an anti-seepage cement screen. The Dam
is located on Ropa River, km 54+400.
The dam is equipped with a drainage

increase of piezometers observations”

system that consists of clay core protec-
tive drain, and a horizontal main drain-
age. The seepage phenomena are moni-
tored via a set of upstream (UP) and
downstream (DW) piezometers (Fig. 3).
In addition the drainage discharge rates
(DR) are also monitored.

For the sake of simplicity, let us as-
sume that the external factors, such as
rainfall or the reservoir water level fluctu-
ations have negligible impact on the mon-
itored seepage quantities. In this case any
“abnormal” functioning of the structure
could be observed as the rise or lower-
ing of the water level in piezometers (UP
or DW), or an increase or decrease in the
drainage discharge rates (DR). The poten-
tial causes of such anomalies are: leaks
through the cement screen or clay core, or
the malfunctioning (namely plugging) of
the drainage system. These three potential
causes result in different responses in the
upstream (UP) and downstream (DS) pi-
ezometers. Thus in the following we will
consider these two piezometer groups
separately. Each group has two states:
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core drainage

piezom etelrs UP

piezometers DW

drainage

cement wall

FIGURE 3. Klimkéwka Dam cross-section with sealing, drainage elements and piezometers monitor-

ing of water level in the dam

1) rise, and 2) lowering of the WL. The
increase of WL in US is denoted as B1, in
DS as B2. Similarly, the lowering is de-
noted as ~B1 and ~B2.

The increase in the drainage dis-
charge is denoted as B3, its decrease as
~B3. Leaks through the cement screen,
caused by the damage to its integrity, are
denoted as Al, whereas leaks through

P(A1) P(A2)
Pas Pa2
wall core
leakage (A1) leakage (A2)

UP piezometers
increase (B1)

FIGURE 4. Bayesian Net — events A1, A2, A3, Bl

the clay core as A2. Finally, A3 denotes
malfunctioning of the drainage system.
Figures 4, 5, and 6 show partial Baye-
sian Nets, including the links between
potential causes of abnormal observa-
tions (Al, A2, A3) and the monitored
quantities (B1, B2, B3). Next to the ob-
servation nodes we show the Conditional
Probability Tables (CPTs). These tables,

P(A3)
Pas

drainage

failure (A3)
A1 A2 A3 P(B1/A1, A2, A3)
T T T 0.10
T T F 0.05
T F T 0.20
F T T 0.15
F F F 0.50
F F T 0.50
F T F 0.15
T F F 0.30




30 D. Miroslaw—.S"wiqtek, M. Kemblowski, W. Jankowski

P(A2)

Pa Pa2

wall core
leakage (A2)

leakage (A1)

DW piezometers
increase (B2)

FIGURE 5. Bayesian Net — events A1, A2, A3, B2

in addition to the overall network struc-
ture, are the principal contribution of the
expert knowledge.

We initially assume that the a priori
probabilities of A1, A2, and A3 are equal
to 0.5. This implies the highest infor-
mation entropy, i.e. the information is
highly disorganized, and each cause and

P(A1) P(A2)

A1 Paz A3
wall core drainage
leakage (A1) leakage (A2) failure (A3))

drainage discharge
increase (B3)

P(A3)
Pa3
drainage
failure (A3)

P(B2/A1, A2, A3)
0.95
0.55
075
0.85
0.50
0.80
0.55
0.55

z
>
)
>
w

—|m|n|n|[n|A|4]|4

IR IR

LRI IR

state are equally likely. Based on this
a priori information and the CPTs we can
now perform the forward propagation of
information to estimate the probabilities
of the reactions of monitored quantities
(Fig. 7). The results show that the most
likely response will be the lowering of
the WL in US (~B1), with p = 0.75. The

P(A3)

z
>
)
>
w

P(B3/A1, A2, A3)
0.25
0.85
0.20
0.15
0.50
0.20
0.80
0.75

—|m|m|m|n|a|=|d

IR IR

MR IR I A

FIGURE 6. Bayesian Net — events A1, A2, A3, and B3
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probability of B2 (rise of WL in DS)
is the p = 0.69. The probabilities of in-
crease and decrease of DR are 0.46 and
0.54, respectively.

If we next assume that p_p1=p-a2 =
= p.a3z = 100% (Fig. 8), the forward
propagation shows that all reaction states
are equally probable. This propagation
constitutes a test for the proper behavior
of our net. The result indicates that the
BBN performs according to our expert
knowledge; if there is no cause for ab-
normalities present, the increase and de-
crease in observed quantities are equally
likely.

In the following simulations we in-
vestigate the effects of one of the po-
tential causes of dam malfunctioning on
the monitored parameters. The clay core
damage (pa1 = 0, pa2 = 100%, pa3 = 0),
results in the lowering of WL in UP with

p = 0.85, and increase in DR with p =
= 0.8. The malfunctioning (plugging) of
the drainage system (pa; = 0, pa2 = 0,
pa3 = 100%) results in the increase of
WL in UP (p = 0.8), and the decrease in
DR (p=0.8).

In the next step the network was used
to back-propagate the monitoring in-
formation. We would like to determine
the likely cause of the decrease in DR,
and increase in DS. The results (Fig. 9)
show that, in agreement with our diag-
nostic intuition, the most probable cause
is malfunctioning of the drainage system
(p = 82.2). However, if we remove the
DS evidence, the probability of A3 goes
down to p = 60.9 (Fig. 10). Finally, if we
consider that the WL in US goes down,
the probability of A2 increases from 52.7
to 61.1 (Fig. 11).

SCREEN_DAMAGE

TRUE  50.0
FALSE  50.0 jmm

CORE_DAMAGE

TRUE  50.0
FALSE  50.0

DRAINAGE | MISFUNCTION

TRUE 50.0
FALSE 50.0 H

UPSTREAM_PIEZOM EI'ERS

UP 244
DOWN 75.6

DOWNSTREAM_PIEZOM EI'ERS

UpP
DOWN

DRAINAGE | DISCHARGE

UP 46.3
DOWN  53.8

FIGURE 7. Forward propagation — P(A1) = P(A2) = P(A3)=0.5
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UPSTREAM_PIEZOMET!

CORE_DAMAGE
TRUE o] ¥
FALSE 100

DRAINAGE _| MISFUNCTION

TRUE 0
FALSE 100

UP 50.0
DOWN 50.0

DOWNSTREAM_PIEZOM I:'I'ERS

DRAINAGE | DISCHARGE

uP 50.0 :
DOWN 50.0

uP 50.0
DOWN  50.0 ;

FIGURE 8. Forward propagation — P(A1) = P(A2) =P(A3) =0
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SCREEN_DAMAGE CORE_DAMAGE DRAINAGE_MISFUNCTION

TRUE ~ 47.1 e TRUE ~ 50.0 i TRUE 82.2 :

FALSE  52.0 e FALSE 500 e FALSE 178

UPSTREAM_PIEZOMETERS DOWNSTREAM_PIEZOMETERS BRAINAGERDISGLARGE
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FIGURE 9. Backward propagation — P(B2) =1, P(B3) =0
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FIGURE 10. Backward propagation — P(B2) = 1
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FIGURE 11. Backward propagation — P(B1) =0, P(B2) = 1

SUMMARY AND CONCLUSIONS

Presented in this paper examples of the
Bayesian Nets applications in analysis
of seepage through earth dams show that
this method can be an effective tool sup-
porting an assessment of dams techni-
cal condition and monitoring of the dam

safety. It should be emphasized that very
significant factors affecting the backward
evidence propagation, and thus the final
system diagnosis, are the net structure
(nodes and links) and the CPTs. These
encapsulate the expert knowledge about
the system. This knowledge is based on
the experts’ prior experience, and also on
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the observed, in the process of simula-
tion exercises, system behavior.

Except for sufficient theoretical
knowledge and experiences related with
seepage through different types of earth
dams, an expert ought to have detailed
data and information on the current state
of: anti-seepage and drainage structures
of the dam, the ground density in the
shell and the base of the dam, the per-
meability of the piezometers, and also
data concerning the influence of water
flowing down the slope on the water
level in the dam body. All these data and
information are required to analyze the
technical condition of a dam by apply-
ing Bayesian Nets. Additionally, vital in-
formation can result from the analysis of
depression curve in the dam body, in the
periods of flood water flow through the
spillway of the dam.
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Streszczenie: Zastosowanie sieci Bayesa w moni-
toringu bezpieczenstwa zapor wodnych. Systemy
monitorowania zapor ziemnych powinny umozli-
wia¢ pomiar podstawowych parametrow fizycz-
nych opisujacych zachowanie si¢ konstrukcji. Do
podstawowego monitoringu naleza pomiary pie-
zometryczne, pomiar przemieszczen, wydatki w
drenazach, obserwacje przeciekow. W przypadku
zapor ziemnych dane z monitoringu stosowane
sa w celu wykrycia anomalii w zachowaniu si¢
obiektu. W niniejszej pracy w ogoélny sposob
zaprezentowano mozliwo§¢ wykorzystania sieci
Bayesowskich do analizy bezpieczenstwa zapory
wodnej w oparciu o monitoring piezometryczny i
obserwacje wydatkow w drenazu. Na przyktadzie
zapory Klimkowka pokazano mozliwos¢ zastoso-
wania wnioskowania w przod 1 wstecz w celu po-
znania przyczyn nieprawidtowosci w przebiegu
filtracji. Omowione przyklady analizy wskazuja,
ze sieci Bayesowskie moga by¢ skutecznym na-
rzgdziem wspomagajacym oceng stanu technicz-
nego zapor.

Stowa kluczowe: siatki Bayesa, bezpieczenstwo
zapor wodnych, monitoring zapdr wodnych.

MS. received December 2011

Authors’ addresses:

Dorota Mirostaw-Swiatek

Katedra Inzynierii Wodnej

Szkota Glowna Gospodarstwa Wiejskiego
ul. Nowoursynowska 166

02-787 Warszawa

Mariusz Kembtowski, Wtadystaw Jankowski
Instytut Meteorologii i Gospodarki Wodnej
ul. Podlesna 61, 01-673 Warszawa

Poland

e-mail: dorotams@levis.sggw.pl




<<
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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




