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Inserted on the meso-tidal North Coast of the Rio Grande do Norte State, the Serra Oil Field is under accelerated
coastal erosion. On the Serra oil field are installed directional oil wells from PETROBRAS, nowadays located
directly in the shoreline, under constant attacks of coastal processes (e.g. waves, tides and currents), which promote
an intense morphodynamic variability of this sandy coast.Asynthesis of results obtained over a period of 24 months
from a study of beach dynamics is presented. The used methodology involved current techniques of beach profiles
and hydrodynamical processes. The wind direction average 77ºAz (NE). The steepness of the berm and of the
shoreface, as well as coastal current direction do not present significant changes, with an average of 36º for the
steepness of the berma, 15º for the shoreface and 15º for the coastal current direction. This data set allow us to infer
that the months of larger coastal erosion were november/2000 and april/2001, because of the largest wave parameter
during this time. Places where the PETROBRAS oil wells are installed, were submitted to an erosion of until 15
meters during the monitored period. This work is intended to provide a general synthesis of recent results developed
by GGEMMAGroup from UFRN/Brazil, including the most recent developments in morphodynamic variability of
this area in terms of environmental conditions.
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Beach Morphodynamic of the Serra Oil Field, Northeastern Brazil
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INTRODUCTION

Beaches and their adjacent nearshore zones act as buffers to
wave energy. Consequently they are sensitive to change, over
timescales ranging from a few seconds to several years. The
study of beach changes does assist in forecasting coastal
erosion and marine flooding among other things ( ,
1988).

Wind, waves, and longshore currents are the driving forces
behind coastal erosion. This removal and deposition of sand
permanently changes beach shape and structure. Coastal
erosion poses many problems to coastal communities in that
valuable property is frequently lost to this dynamic beach-
ocean system. Additionally, human activity may promulgate
the process of coastal erosion through poor land use methods.
Thus, issues of beach restoration and erosion control are at the
forefront in coastal communities.

The Serra oil field, located near the Macau city in the
northern coast of Rio Grande do Norte State (NE Brazil), is
actually an area under intense erosive processes, natural or
anthropics (Figure 1). This shore is a mesotidal, high-energy
coast. The tides are semidiurnal with two nearly equal highs
and lows each day. A longshore drift is predominant from the
east to the west and together with the tidal currents promotes the
transport of sediment in the nearshore.

This oil field is being explored through wells of directional
surveys starting from two production areas, distant one from
the other of about 700 meters. Nowadays it is located directly
in the shoreline, under constant attacks of coastal processes
(e.g. waves, tides and currents), which promote an intense
morphodynamic variability of this sandy coast. Constant
efforts were underway to protect this shoreline from erosion.

Recent studies ( , 2001; , 2002) evaluated the

coastal dynamics of this area through products of remote
sensing. However, systematic studies with collection of data in
situ for evaluation of the coastal dynamics, essential before the
implantation of any anthropic intervention, were never made.

Thus, the main objective of this paper is to describe the
changes in beach morphology of this area. The dataset used
here was obtained in a systematical monitoring during 24
months. These data are important to understand the causes of
the erosion, as well as to quantify the changes in the coast line, as
for the transport of sediments and its vulnerability.
Furthermore, the data are been stored on the geo-referenced
database of the projects MARPETRO and PETRORISCO,
aiming to model the coastal and sea environment, susceptible to
oil spills and their derivatives.
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At present there is a worldwide tendency towards shoreline
erosion ( , 1985; , 1996, , 1999) and many
solutions have been proposed, ranging from preventative,
through curative to restorative. However, our understanding of
the processes leading to coastal erosion is rudimentary.
Without understanding the processes, prediction is difficult, if
not impossible.
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Figure 1. Location map of the studied area and profile station
locations P1, P2 and P3.



METHODS

RESULTS

Characterization and Analysis of the Beach
Profiles

Profile1 (P1) Ponta do Tubarão

Profile2 (P2) Macau 5

Profile3 (P3) Barra do Corta-Cachorro

Characterization and Analysis of the
Hydrodynamic Parameters

Field data were collected monthly, during spring tide (new
moon), from October 2000 to September 2002. Three stations
were surveyed on the oil field shore. The stations, from east to
west, were denominated P1 - Profile 1 (Ponta do Tubarão), P2 -
Profile 2 (Macau5) and P3 - Profile 3 (Barra do Corta-Cachorro)
(Figure 1). The measurements included detailed beach profiles,
sediment samples, and quantitative data of tides, waves,
currents, wind and temperature.

Topographic profiles of the beach normal to the coastline
were measured using precision level, measuring tape and
graduate sight. The survey was conducted on the three stations
near the time of low tide to take advantage of maximum beach
exposure. All elevation profiling is referenced to a datum stake,
which is at a known elevation above mean spring low water
(MSLW). Characterization of the beach environment
(description and collection of sediments) were also performed
during low tide.

Hydrodynamic data (wave height, wave period, wave
breaking, speed and direction of the coastal current) were
acquired during high tide on the stations P2 and P3.
Measurements were taken with a scale staff, stopwatch and
compass. Air temperature, wind velocity and air relative
humidity were measured with a portable meteorological station,
at 1,5 meters above the beach surface. To measure de wind
direction was used a compass.

The beach profiles give interesting information about the
changing seasonal topography of the beach, which are
described in this section.

On Profile P1, located in front off the Ponta do Tubarão
island (Figure 1), we observe no significant change of beach
morphology during the monitoring period. Its length, from
datum stake until the shoreface, averages 178 meters (Figure
2A).

Although the berm scarp shown a steep slope it was only
slightly eroded. The greater retreat occured during the month of
June 2001. It was observed that the berm slop tended to
decrease from November to October. The berm reaches their
maximum steepness (33º) during the months of November and
December 2000. Decreasing to 10º in the month of May 2002
and to 3º in the month of August of this same year. During the
months of Setembro and October the berm was not formed. On
the other hand, the shoreface slope was more stable (3º to 8o).

The sediments on the backshore and foreshore were
composed of medium to fine sand, while the shoreface presents
fine to very fine sand. The sands are moderately sorted in all
units.

This beach profile is located close to the fire burning of
PETROBRÁS, where gases are frequently exhaled; and
because of this its execution was some times difficulty, being
necessary the use of protection mask to make it possible. The
shore in this station is open to the sea. The profile length, from
datum stake until the shoreface, averages 170 meters (Figure
2B).

Significant changes on the beach morphology occurred in
this station. A retreat (around 10 m) of the berm scarp was
observed. The berm was completely eroded in the beginning of
the monitoring and no more was formed until their end. The
foreshore presented constant slope (varying from 3º to 9º),
staying practically unalterated along the studied period.

Beach cusps were present with a distance between them
averaging 19 meters. We also observed that from one year to the
other these distances tend to reduce 3 meters on average.

Moderately sorted fine sand was present along all the profile,
from the backshore to shoreface.

The profile P3, located just after the oil wells, was exposed to
the more expressive erosion process. This was evident since the
first year of monitoring (C and , 2001a). The
profile length, from datum stake until the shoreface, averages
102 meters (Figure 2C).

During the 24 month monitored the berm scarp moves
landwards around 15 meters decreasing the backshore. Due to
this retreat, the location of the reference stake has been moved
three times landward.

Despite the steepness of the berm scarp, whcich averages
37º, the foreshore slope has been slightly changed, with an
average of 3º, maximal of 6º and minimal of 1º.

Beach cusps were observed only during the months of
December 2000, April, June and September 2002. Along the
studied period, the distance between the beach cusps was 31
meters on average, with maximal of 37 meters and minimal of
22 meters.

The sediments on the backshore and foreshore were
composed of fine sand, while the shoreface presents very fine
sand. The sands are moderately sorted in all units.

The tides along this period ranges from -0,3m to 0,7m (low
tide) and from 2,5m to 3,1m (high tide).

The presence of Ponta do Tubarão island in front of the
station P1 promotes the wave reflection and diffraction, acting
as a filter; in this way, the waves of large height or long period do
not reached the shore. The type of breaking wave observed in
almost all of the months monitored was the plunging wave.
During four months (November 2001 and May/June/August of
2002), the sea was in the calm state.

The waves arriving on the shore are blocked by shallow
waters sandbanks , modifying the intensity of the energy and the
direction of the incident waves. Little changes on the dominant
longshore currents directions can be observed. The water
temperature averages 28,7ºC (minimum of 25ºC in June 2001
and a maximum of 31ºC in February and May 2001).

The wave height averages 0,3 meters, with a minimum of 0,1
meters in June 2001 and a maximum of 0,7 meters in November
2001. The wave period was on average 4,70 seconds, with
minimum of 0,336 seconds, in May 2001, and maximum of
7,496 seconds, in June 2002.

Predominant breaking waves observed during the
monitoring were plunging waves; however, during the months
of June and July 2001 it changes to spilling waves, and in May
2002 no waves were formed.

The shoreline presented a direction with average of 280ºAz,
and the waves reaches the shore with an angle around 8º.
Together with persistent trade winds from NE they generate a
longshore current from east to west with maximum speed of
0,71 m/s (November 2001) and a minimum of 0,11 m/s (April
2001). The longshore current was stationary during the months
of June and August 2001 and February, March and August
2002). Secondary winds come from SE (C ., 2003).

On this station the shoreline direction averages 285ºAz,
paleo-mangroves are exposed on the beach and no sandy banks
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monitoring averages 29ºC, with a minimum of 26,5ºC and a
maximum of 34ºC.

The wave height averages 0,4 meters (minimum of 0,13
meters in June 2001 and maximum of 0,7 meters in November
2000). The wave period averages 5,041 seconds (minimum of
3,256 seconds in May 2001 and maximum of 8,007 seconds in
April 2001). Plunging waves were dominant during all the
monitored period.

The propagation waves direction range from 260ºAz to
343ºAz, with average of 297ºAz. The waves reaches the coast
with an average incidence angle 13º. The prevailing trade
winds direction is from northeast, averaging 77ºAz, and the
secondary winds are from southeast (C ., 2003).
Minimum wind speed was measured in June 2002 (1,5 m/s), and
the maximum speed 17,8 m/s in August 2002. The longshore
current averages 0,6 m/s, but ranges from 0,1 m/s (April 2002)
to 1,8 m/s (September 2002).

The air temperature averages 29,6ºC, ranging from a
minimum of 26ºC (August 2002) to a maximum of 31,9th (June
of 2002). The air relative humidity averages 64%, with a
minimum of 44% (June 2002) and maximum of 91% (May
2002).

The obtained results show that the environmental impact in
this area, by the presence of the oil base of the Field Macau-5 to
be located in the foreshore, causing interference in the
deposition of the sediments and altering the speed of the coastal
current. It is important to point out that, when these wells were
installed, the shoreline was more than 500 meters seawards.

The analysis of the beach profiles in Station P2 (Macau5)
showed that the erosive process is increasing; it can be
evidenced by the decrease of the berm scarp in more than 10
meters, as well as for the decrease of the backshore extension
landwards, in the 24 months of monitoring. In the same way the
beach profiles analysis of the Station P3 (Barra do Corta
Cachorro), show us that there was a retreat landwards of the
berm scarp in more than 15 meters during the months of
February 2001 to February of 2002 and its slope was reduced in
more than 40º, what evidences a continuous erosion.

Beach erosion results in coastal land loss due to three major
factors: (1) sea level changes, (2) unbalanced sediment budgets,
and (3) human activities. It is well known that coastal erosion is
triggered by rising sea level, but it can also occur on coastlines
where the sea level is stable or even falling, especially where a
deficit has developed in the availability of sediment to maintain
or enlarge the coastline (B , 1996).

The sea level curves available for this area shown that it is not
under rising sea level ( , 2002). According to

and (1996) sediment budget is the
main factor governing the coastal erosion in northeastern
Brazil. . (2002) outline that coastal erosion on the
northern coast of Rio Grande do Norte State seems to be a
consequence of unbalanced sediment budget, mainly due to the
lack of continuous longshore sediment supply, as well as due to

the lack of sediment from the land side. These authors
concluded that, this is finally caused by neotectonic
movements. Human impact is imposed mainly by the oils wells
on the intertidal zone. However coastal erosion is reported to
this area before the implantation of the oil Firma.

The bottom morphology in the septentrional platform of Rio
Grande do Norte seems to interfere directly in the erosive and
depositional processes through their effects on the wave
refraction ( ., 2001; ., 2001; ,
2002; ., 2002). The pattern of refraction of the
waves generated by the morphology of the platform adjacent to
São Bento and Caiçara do Norte, apparently influenced by the
local tectonics and associate to the pattern of currents ( ,
2002), results in erosion and/or beach deposition, affecting all
this coast until Macau, including the area of installation of the
Guamaré Oil Pole ( , 2002) and the Serra oil field
( ., 2003).

In agreement with and (2001b) and
. (2003), the months of worse coastal erosion in the Serra oil

field, are related with the increasing wavy energy. This in turn,
seems to be related to seasonal climatic variations, with the
wave energy and tide currents speed increasing during months
of minor precipitations (June to January).

The results obtained during this 24 months monitoring
confirms us a situation of accentuated erosion, mainly in Profile
3, where the wave height, wave period, and coastal current
speed are always larger than the values found in Profile2.

Probably these values are more expressive in Profile3, for this
do not present any natural structure of protection to the wave
impact, as reefs, islands or sand banks. The transport of the
sediments occurs from East to West, and the accumulation of
sands is more pronounced towards Profile3. The speed of the
tidal currents, on the other hand, are more accentuated in the
Profile 2 (S ., 2003; , 2003). (2003)
emphasizes that in the Ponta do Tubarão the tidal currents
presented preferential direction for NE in periods of flood
currents and for NW in period of ebb current, while in Barra do
Corta-Cachorro the direction of the currents were
predominantly for NW, independent of the tide phase,
coinciding with the preferential direction of the longshore
current. This inversion of the currents in the Ponta do Tubarão
is explained by this author, by the presence of the Ponta do
Tubarão island barrier and by the communication channel of the
lagoon with the sea.

With the exposed we can affirm that the more active natural
factors in this area, are the currents, followed by the tides and
the winds. The anthropic factors are exclusively local and
punctual (Macau and Serra Oil Field). This is an area of high
coastal vulnerability, due to high environmental fragility of this
beach how was observed by the morphological changes
between October 2000 and September 2002.

This study described the general behaviour of the northern
shore of Rio Grande do Norte State relating beach profile
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Figure 2. Beach profiles of profile 1 (A), profile 2 (B) and profile 3 (C), in the period of october 2000 at september 2002, MacauRN.
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morphology with hydrodynamic and sedimentological
parameters.

The area is subjected to accenctuated erosion processes, due
to environmental fragility of the area. The main environmental
impact is due the base of the oil wells of the Macau/Serra field
be located in the foreshore under direct attack of the waves and
currents.

The months of worse coastal erosion were the ones of
September and November, when the largest wave parameters
and the largest speed currents are measured in the area. Since
these months are included on the period of minor precipitations,
we related the coastal erosion to seasonal climatic variations.

The tide currents are better observed in protected areas, as in
the Ponta do Tubarão, when they present inversion in their
direction in agreement with the flood and ebb tide. In open
areas, as in Barra do Corta-Cachorro, the tide currents are
overprinted by the longshore currents.

Taking in account the economic importance of the area, as
well as the intensity of coastal processes acting on this shore, it
is important a continuity of the monthly environmental
monitoring looking for variations on longer-period cycles

Thanks are due to ANP (Agência Nacional do Petróleo), by
the scholarship to the first author; to CNPQ by research grant to
the second author; to MARPETRO (FINEP / CTPETRO /
PETROBRAS) and PETRORISCO (FINEP / CNPq /
CTPETRO) projects for the financial support; to PPGG and to
the Geology Department of the Universidade Federal do Rio
Grande do Norte, by the infrastructure, and finally to all
undergraduated and graduated students who helps with the field
data acquisition.

A.L., 2001. Cartografia Temporal e Análise
Geoambiental da Dinâmica da Foz do Rio Piranhas-Açu,
Região de Macau RN, com Base em Imagens Landsat S-
TM. Natal, Rio Grande do Norte: Universidade Federal do
Rio Grande, Dissertação de Mestrado, 166p.

E.C.F., 1985. The study of coastline changes.
N.F., Supplement-Band 57: 1-9.

E.C.F., 1996. Coastal erosion and rising sea-level. In:
Milliman, J.D. and Haq, B.U. (eds), Sea-Level Rise and
Coastal Subsidence. Dordrecht, Netherlands: Kluwer
Academic, pp. 87-103.

E.C.F., 1999. . Wiley, John & Sons
Inc., NewYork. 292p.

L.H.O., 2002. Late Quaternary coastal evolution of
the northern Rio Grande do Norte coast, NE Brazil.
Unpublished PhD Thesis. Kiel University, Germany. 92p.

R.W.G., 1988. . Academic
Press. London. 617p.

M. S. and H., 2001a. Caracterização
geoambiental dos parâmetros de onda entre o trecho praial
da ponta do tubarão e gamboa do corta-cachorro,
Macau/RN.
(Mariluz-Imbé, RS, Brazil, 14 a 20 de outubro), pp 554.

M. S. and H., 2001b. Impactos ambientais na
zona costeira do campo petrolífero Macau-5, Macau/RN.

. Natal/RN, 25 a 28 de novembro. SBQ-
UFRN, pp222.

M. S.; H.; I. M. and D. A.
S., 2003. Processos Erosivos no Campo Petrolífero de
Macau/Serra, com Base na Hidrodinâmica Costeira e nos
Perfis Praiais, Macau/RN, NE do Brasil.

(Rio
de Janeiro, RJ, Brazil), pp.270.

J.M.L. and A.C.S.P., 1996.
Regional assessment of long term-trends of coastal erosion
in Northeastern Brazil.

, 68: 355-371.

. and Z.M.C., 2003. Caracterização
hidrodinâmica em áreas sob influência da Indústria
petrolífera.

. Rio de Janeiro, RJ, Brazil, pp271.
D.A.S., 2003. Mapeamento da área submersa da

laguna de Diogo Lopes - Barreiros/RN. Natal/RN:
Universidade Federal do Rio Grande do Norte,
Departamento do Curso de Geologia, Relatório de
Graduação, 70p.

I.M., 2002. Estudo evolutivo das condições
ambientais da região costeira do município de Guamaré-
RN. Natal/RN: Universidade Federal do Rio Grande do
Norte, Programa de Pós-Graduação em Geodinâmica e
Geofísica, Dissertação de Mestrado, 112p.

M.V.S., 2002. Análise multitemporal dos elementos
geoambientais da dinâmica costeira da região da Ponta do
Tubarão, Macau-RN, com base em produtos de
sensoriamento remoto e GIS. Natal/RN, Universidade
Federal do Rio Grande do Norte, Departamento do Curso de
Geologia, Relatório de Graduação, 84p.

and I.M.G.,
2001. Monitoramento costeiro das praias de São Bento do
Norte e Caiçara do Norte NE/Brasil.

. ISSN 1518-2398. V.28 (2). 383-392.
W.F., 2002. Monitoramento costeiro das praias de

São Bento e Caiçara do Norte (RN): Implicações para o pólo
petrolífero de Guamaré. Natal/RN: Universidade Federal do
Rio Grande do Norte, Programa de Pós Graduação em
Geodinâmica e Geofísica, Dissertação de Mestrado, 112p.

W.F.; H. & V.E., 2002. Morphologic
and Structural Characterization of the Rio Grande do Norte
State, NE Brazil, based on Remote Sensing Images.

. Houston, EUA.CD-ROOM.
H.; W.F.; K. & L.H.O.,

2001. Tectonics and bottom morphology control on
sediment distribution in the Brazilian Northeastern
continental margin: São Bento do Norte/Caiçara do Norte
area.

. Ponce, Puerto Rico, 37pp.
H.; K.; W.F. & K.,

2002. Why does erosion occur on the northeastern coast of
Brazil, The Caiçara do Norte beach example.

, 35 (in press).
H.; &

S. M., 2003. Geologia e Geofísica da Plataforma
Continental Brasileira. In: SOUZA, C. R. G. (ed.), O
Quaternário do Brasil.

. (no prelo).

ACKNOWLEDGEMENTS

LITERATURE CITED

ALVES,

BIRD,

BIRD,

BIRD,

CALDAS,

CARTER,

CHAVES, VITAL,

CHAVES, VITAL,

CHAVES, VITAL, SILVEIRA, SANTOS,

DOMINGUEZ, BITTENCOURT,

SANTOS, D.A.S.; SILVA, A.G.A.; VITAL, H.; SILVEIRA, I.M.;
CHAVES, M.S LIMA,

SANTOS,

SILVEIRA,

SOUTO,

TABOSA, W.F.; LIMA, Z.M.C.; VITAL, H. GUEDES,

TABOSA,

TABOSA, VITAL, AMARO,

VITAL, TABOSA, STATTEGGER, CALDAS,

VITAL, STATTEGGER, TABOSA, RIEDEL,

VITAL, ESTEVES, L. S.;ARA JO, T. C. M. PATCHNEELAM,

Zeitschrift
für Gemorphologie

Beach Management

Coastal Environments

Proceedings of the VII Congresso da ABEQUA

Proceedings of the 1º Congresso Brasileiro de P&D em

Petróleo e Gás

Proceedings of
the 2º congresso Brasileiro de P&D em Petróleo & Gás

Anais da Academia Brasileira de
Ciências

Proceedings of the 2º congresso Brasileiro de
P&D em Petróleo & Gás

Revista Pesquisas em
Geociências

Annual
Meeting of AAPG

Chapman Conference on the Formation of
Sedimentary Strata on Continental Margins., American
Geophysical Union

Journal of
Coastal Research Special Issue

Associação Brasileira de Estudos do
Quaternário ABEQUA

Ú

Beach Morphodynamic of the Serra Oil Field, Northeastern Brazil

Journal of Coastal Research Special Issue 39, 2006,

597



<<
  /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
  ]
  /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 <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.)
  >>
  /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


