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ABSTRACT 

 
Seismic receiver arrays that are used in modern 3D marine 
surveys can also be used as 2D sensor arrays in the 
localization of the diffracted noise sources and hence 
allow attenuation of such noise from the seismic records.  
 
      

1. INTRODUCTION 
 

Modern seismic prospecting uses recorded 3D seismic 
data in determination of oil or gas bearing strata. A typical 
survey area could be as large as 4000 km2.  Surveys can 
be done in land and marine environments.  Due to cost 
considerations shots are fired at certain space intervals (at 
the surface of the earth) and echoes are taken by sensitive 
receivers which are either geophones or hydrophones, 
again at certain lateral intervals.  In marine 3D most 
surveys are made as narrow azimuth (NAZ) surveys. That 
is, in NAZ surveys, receivers are distributed along a line 
(or a few lines) behind a shot as shown in Figure 1.  

 
Figure 1 Schematic view of a 3D Marine recording 
geometry. Shot and receivers are almost at the water 
surface (at about 8m depth to be more precise). 

 
Recently we are seeing wide azimuth (WAZ) surveys 

where receivers sample a wider area in perpendicular 
direction to acquisition.  NAZ marine surveys are made of 
individual shots (an acoustic explosion).  Shots are fired 
and recording is done on what geophysicists call “sail 
lines”, the straight lines that the boat travels on while 

pulling the source (air guns) and the receiver cables.  In 
such a survey the shots very near the boat and are 
typically 25 meters apart along the sail line and the boat 
pulls (currently) up to 12 streamers that are about 100 m 
apart. On each streamer there are about 720 receivers, that 
are 12.5 meters apart. The sail lines are typically 300m-
500m apart, as to give 50 percent overlap between the 
streamers. Approximately 4000-8000 receivers are used 
for each shot of a typical modern NAZ marine seismic 
survey. That is these few thousand receivers are 
positioned over a rectangular area of roughly 1km by 9 
km with roughly 12.5m inline and 100m crossline 
separation (and at approximately the water surface). In 
WAZ surveys we are seeing this rectangular area aiming 
to reach a square (for example 7km by 9km in WAZ vs. 1 
km by 9 km in NAZ). As such, these receivers form a 
sampling array for the seismic waveform in a similar way 
that electromagnetic and astronomical antenna arrays do, 
but perhaps with much more elements. 
 

In seismic surveys, the aim is to send seismic signals 
downward into the earth and to receive their response. 
However, seismic energy radiated from the source can 
travel sideways, get scattered, and get received back by 
the same receivers, contaminating the weak earth signal 
they aim to receive. 3D marine surveys occasionally 
suffer from such scattering of source energy from sharp 
discontinuities at, or around, the sea bottom. Nearby rigs, 
wellheads, shipwrecks, and, boulders at the sea bottom 
add to the problem. As the reflected energy from deep 
strata is weak and such scattered noise is much stronger 
than reflections, since it has traveled only in water, the 
position of these energy sources must be detected and the 
noise energy recorded on the seismic recordings (also 
called “traces”) made with such sources must be 
attenuated.   Such strong energy interferes with many 
seismic processing algorithms that expect vertical 
propagation (reflections from earth’s layers) and hence 
need to be attenuated. 

  
This problem had been recognized by Manin et al [6] 

and a solution was suggested. Assuming that the 
coordinates of the noise source can be obtained they 
suggested flattening the data with time shifts 
corresponding to the travel times and suppressing the 
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noise with multi-channel filters.  Recently, Fookes et al[1] 
suggested picking arrival times of the noise, and then 
calculating the position of the noise source from the travel 
times and the coordinates of the source and receivers.  
Once the noise source is calculated the corresponding 
noise energy is attenuated as in the method proposed by 
Manin et al [6].  More recently, a method called 
“Diffraction imaging” is used by Khaidukov et al [4] with 
2D surveys for separately imaging weak point diffractors 
and thereby helping interpretation of faults in migrated 
seismic sections.  Shtivelman et al [7] uses multi-velocity 
imaging of subsurface inhomogeneities. Recently, 
Gulunay et al [3] described a method that used such 3D 
marine records (multi-streamers) and the best estimate of 
wave propagation velocity in water to detect and suppress 
noise originating from shallow diffractors using the 3D 
marine shot records.  

 
 
2. DIFFRACTOR LOCATION SCAN METHOD 

 
As there can be hundreds of diffractors in cases where 

the water bottom contains outcrop and escarpments, it is 
very labor intensive to apply processes like the one 
described by Fookes et al [1].  We aim to perform this 
automatically as will be described in the following 
paragraphs.   

The energy of the diffracted noise travels from the 
source and hits the diffractor. The diffractor then scatters 
energy back, via Huygens Principle, and the energy 
arrives at the receivers at time 

             rs TTT +=                                (Eq 1) 
where Ts is the time from source to diffractor 
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Given (assuming) a diffractor point D=(xd, yd, zd)  
amplitudes of data at times T given in Eq 1 from all traces 
( i.,e. source S=( xs , ys,) and receiver R=(xr , yr) pairs ) 
can be summed as in the depth migration process.  
Seismic depth migration is a process that carries energy to 
their correct location in space and depth.  Our algorithm, 
similar to depth migration, carries the energy received at a 
receiver to its correct position D, assuming velocity we 
use is correct. Indeed double square root equation (Eq 1) 
is the exact equation that the migration process uses. In 
our algorithm stack amplitudes, or stack power, could be 
used to estimate how strong this diffractor is.  One can use 
other coherency measures as well for this purpose. 
Semblance is known to be the most efficient and practical 
coherency measure. Semblance, aside form a scale factor, 

is the ratio of square of the summed signed amplitudes to 
the sum of the squared amplitudes. When the number in 
the sum are  of  the same sign and about the magnitude the 
semblance approaches one, and if they are random in 
magnitude and in sign semblance tends to go to zero. For 
every such assumed diffractor position, D, we can obtain a 
semblance value, indicating how coherent energy from 
this diffractor is when some or ALL of the traces in the 
survey that get contaminated from this diffractor are 
considered.  This idea, i.e. trying systematically various 
diffractor positions to see what semblance values they 
produce is the essence 

 
Figure 2:  A shot with three cables contaminated with 
diffracted noise 

of our method that we call “diffractor scanning”, or 
simply, DSCAN, similar to the well accepted term 
VSCAN that is used for stacking velocity scanning.  ( In 
seismic industry, stacking velocity scan is done for a 
common mid point (CMP) data. Velocity is used to do 
Normal Moveout (NMO) correction which is a process 
that eliminates time differences between different travel 
paths for the traces of that CMP so that they can be 
stacked correctly). In fact, VSCAN was also used for 
migration velocity analysis by Gonzales et al [2].  Landa 
et al. [5] used semblance scans to find diffractors buried in 
3D half space in land seismic surveys.    We use the best 
estimate of the water velocity in Eq. (1) and generally 
assume zd=0 for shallow water cases. Note that given the 
finite record length (typically from 5 to 14 seconds) and 
for a given shot record there is a finite zone that one needs 
to scan to find the diffractor locations that are affecting 
that shot.  That is, we only need to scan an area limited 
around our shot (source and receivers) controlled by water 
velocity, V, and recording time, TL: 
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3. FIELD TEST  

We have tested this method on a sail line from a shallow 
water (about 60 ms) data set that was provided by Noble 
energy.  Shots have 3 cables, each with 128 traces. The 
record length is 6 seconds and the sample interval is 2ms.  
A typical noisy shot is shown in Figure 2.  Close 
inspection of the shot record suggests that there are ten or 
so diffractors but it is not easy to determine which event 
belongs to which diffractor.  

 
Figure 3.  Diffractor semblance scan for the shot in 
Figure 1. Scan covers an area of 11km by 12 km. 

 
Figure 4:  Diffraction model produced from most 
coherent diffractors 

The semblance scan of this shot using zd=0 and an area of 
11km by 12 km for (xd, yd) gives the distribution shown in 
Figure 3. We used V=1538 m/s in the scans. The scan 

distance increment was 10m both in inline and crossline 
directions. Experience, however, shows that one does not 
have to be this precise. A coarser surface grid can be used 
but then the length of the time window used in semblance 
calculations has to be increased.  Note that there is one 
semblance value for every (xd, yd)  point on the grid. An 
example of 10m by 10m grid semblance scan is shown in 
Figure 3. The hole in the middle of the semblance 
distribution shown in Figure 3 is due to the fact that first 
second of data was not included in the diffractor scan. 
Diffractor selection is now made using local maxima 
criteria with thresholding. The highest semblance value 
found in the search was 0.53.  If the top 50 percent of the 
semblance values are used then 3 diffractors are detected, 
with the top 60 percent 6 diffractors and with the top 85 
percent, 22 diffractors are detected.   
. 

 
Figure 5.  Shot after subtracting the model in Figure 4 
from the record in Figure 2. 
 
 

4. NOISE MODEL BUILDING  

For each of the diffractors selected from the semblance 
distribution travel times to the trace at hand can be 
calculated and the diffracted energy around that time  
picked to model the diffracted noise.  

 
Figure 4 shows the result of this process for 22 

diffractors picked from the semblance scan.  By 
subtracting this model from the input (straight subtraction) 
we obtain a record that represents the signal only (Figure 
5).  Comparison of this result with the input record 
suggests that method is successful in detecting and 
attenuation shallow water diffractions. 

 
One may wonder what the quantitative metric of the 

DSCAN method is. If the right model is built (Figure 4) 
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and subtracted from the input record (Figure 2) then the 
semblance plots that will be made from them (Figure 5) 
should not have the peaks shown in Figure 3 any more. 
For that reason one may state the metric as minimizing the 
energy in the semblance plot by bringing maximum of the 
semblance plot for each shot under a threshold level 
defined by the user. This level is indeed the same level 
over which an event is defined as a diffractor in the above 
paragraphs.  

 
5. ANOTHER FIELD DATA SET  

 
Second data set is a 3D marine data obtained with 

2816 receivers (i.e. 8 streamers, each with 352 receivers).  
The seismic stack section from this data, Figure 6, 
exhibits shallow water bottom with abrupt changes. These 
locations are the cause of steeply dipping high frequency 
diffractions seen in the later portions of the same section 
(Figure 7). The deeper portions of this data also exhibit 
events which are difficult to distinguish from reflections 
as they are lower in frequency content than the 
diffractions traveling with water velocity. Study of these 
events in the common shot records, (see Figure 8 around 
4800 ms), however, suggests that they may be broadside 
events, most likely with a higher velocity than water 
velocity.  
 

 
Figure 6.  A surface  line  from a shallow 3D marine 
survey. 
 

Figure 8 has indeed steep linear diffracted energy 
patterns which seem to originate from nearly inline 
anomalies (with respect to this particular subsurface line) 
in the water bottom and are traveling with water velocity.  
Initially, we attempted processing this data with velocity 
of 1550 m/s which only handled this steeply dipping noise 
but not the broadside diffractors around 4800 ms.  Steeply 

dipping linear events could, indeed, be suppressed by 
Radon or F-K type filters after some dealiasing process 
and there is no need to apply this type of scan process for 
such noise.  After realizing that we were not attenuating 
these broadside diffractions we decided to run a velocity 
analysis.  We tried velocities between 1500 m/s and 1800 
m/s with an increment of 50 m/s.    

 

Figure 7.  Deeper portions of the same subsurface line 
in Figure 6. Note  the broadside as well as linear 
diffractions. 

 
Close inspection of such analysis suggested that the 
strongest diffractor was indeed almost broadside and its 
velocity was around 1650 m/s.   

 
Figure 8.   A 3D shot with 8 cables. Note the broadside 
as well as steep linear diffractions.   
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Figure 9 shows the diffraction noise model for a few 

strong diffractors picked using this diffractor velocity, 
1650 m/s.  Figure 10 is the result after straight subtraction 
of the noise model from the input record shown in Figure 
8. It is clear that broadside diffractions are now well 
attenuated.  

 
  

 
Figure 9.  Noise model with v=1650 m/s for 8 cables for 
the record shown in Figure 8. 
 

 
Figure 10.  Same record in Figure 8 after subtracting 
the diffractions in Figure 9. 

5. CONCLUSIONS 
 

We have presented an automated method for 
attenuating diffracted energy that originates from shallow 
water bottom anomalies. The method uses the seismic 
sensor array itself (which contains thousands of receivers) 
in locating the position of the noise sources. Once such 
locations are determined then signal processing 
techniques can be used to time align and mute out the 
noise energy from seismic records. 

 
 

6. ACKNOWLEDGMENT 
 

We thank Noble Energy for providing the first shallow 
water data set, Murphy Oil and Petronas for the second 
data set, and, CGGVeritas  for permission  to present this 
paper.   

 
 

7. REFERENCES 
 
 
[1] G. Fookes, G., Warner, C., and, Borselen, R. V., 2003, 
“Practical interference noise elimination in modern marine data 
processing”, 73rd Ann. Internat,. Mtg., Soc. Expl. Geophys., 
Expanded Abstracts. 

[2] A. Gonzales-Serrano and , Chon, Y.T, 1984, “Migration 
velocity analysis”, 54th Ann. Internat,. Mtg., Soc. Expl. 
Geophys., Expanded Abstracts. 

[3] N. Gulunay, S. Depagne, and M. Magesan, 2006,. “Fast 
Broadside Diffractors:  A case history.” , 76thAnnual 
International Meeting of the Society of Exploration 
Geophysicists, Expanded Abstracts 

[4] V. Khaidukov, V., Landa, E., and, Moser, T. J.,2004, 
“Diffraction imaging by focusing-defocusing: An outlook on 
seismic resolution”, Geophysics, 69, 6, 1478-1490. 

[5] E. Landa,, Shtivelman, V, and, Gelchinsky, B., 1987, “A 
method for detection of diffracted waves on common-offset 
sections”., Geophy. Pros., 35, 359-373. 

[6] M. Manin, and , Bonnot, J. N, 1993, “Industrial and seismic 
noise removal in marine processing”, 55th Conference of Eur. 
Assn. Geosci. Eng. 

[7] V. Shtivelman, and , Keydar, S., 2004, “Imaging shallow 
subsurface inhomogeneities by 3D multipath diffraction 
summation”,  First Break, 23, 39-42. 

202



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Adolescence
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Antigoni
    /AntigoniBdBold
    /AntigoniLight
    /AntigoniMed
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AucoinExtBol
    /AucoinLight
    /BanjomanOpenBold
    /BaskOldFace
    /Batang
    /BatangChe
    /BatikRegular
    /Bauhaus93
    /Bedini
    /BediniBold
    /BediniBoldItalic
    /BediniItalic
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BermudaSolid
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreepyRegular
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /Eurostar
    /EurostarBlack
    /EurostarBlackExtended
    /EurostarRegularExtended
    /FalstaffFestivalMT
    /FelixTitlingMT
    /FigaroMT
    /FiolexGirls
    /FootlightMTLight
    /FootlightMT-Light
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FrutigerSAINBdv1Bold
    /FrutigerSAINItv1Italic
    /FrutigerSAINRmv1Roman
    /FrutigerSBINBdv1Bold
    /FrutigerSBINItv1Italic
    /FrutigerSBINRmv1Roman
    /FrutigerSCINBdv1Bold
    /FrutigerSCINItv1Italic
    /FrutigerSCINRmv1Roman
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gourmand
    /GourmandBold
    /GourmandBoldItalic
    /GourmandItalic
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KidTYPEPaint
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /MaturaMTScriptCapitals
    /MetroNouveau
    /MGIArchonDemiBold
    /MicrosoftSansSerif
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /Occidental
    /OCRAExtended
    /OldEnglishTextMT
    /OldgateLaneOutline
    /Onyx
    /OrbusMultiserif
    /Orlando
    /PalaceScriptMT
    /PalaceScriptMT-SemiBold
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palladius
    /PalladiusBold
    /PalladiusBoldItalic
    /PalladiusItalic
    /Papyrus-Regular
    /Parchment-Regular
    /PeinaudMedium
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PlumpMT
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /QuigleyWiggly
    /RageItalic
    /Ravie
    /ReservoirGrunge
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Schindler
    /SchindlerLight
    /SchindlerSmallCaps
    /ScriptMTBold
    /ShowcardGothic-Reg
    /SimHei
    /SimSun
    /SnapITC-Regular
    /SpaceToaster
    /Stencil
    /StoneSerifSAINSmBdv1Semibold
    /StoneSerifSBINSmBdv1Semibold
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TeamMT-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /TwentiethCenturyPoster
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vianta
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /WendyMedium
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


