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ABSTRACT: The Wenchuan (¥)1]) earthquake on 12 May 2008 induced a large number of landslides,
collapses, and rockfalls along the Longmenshan (J£]7]1l)) fault. The landslide in Niujuan (4-) Valley
(named Niujuan landslide), close to the epicenter, is one that travelled a long distance with damaging
consequences. Using QuickBird satellite images and GIS tools, the seismogenic mass movements are
analyzed, and the movement phases, travel path, and post-catastrophic processes of Niujuan landslide
are described and discussed. Image interpretation and a GPS survey showed that the mass movements
denuded 37% of the research area. The Niujuan landslide moved 1 950 m along the Lianhuaxingou G£
{E£/02¥4)) stream, transformed to a debris avalanche, and accumulated in the downstream bed of Niu-
juan Valley, where they formed a dam 30 m in height, blocking the Niujuan stream and creating a bar-

rier lake basin with 0.11 million m’ storage capacity. Subsequent to the Niujuan landslide, debris flows
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have been more active in Lianhuaxingou and
Niujuan valleys because of the accumulated
mass of debris.

KEY WORDS: Wenchuan earthquake, landslide,

debris flow, debris avalanche.

INTRODUCTION

The 2008 Wenchuan earthquake induced many
landslides, rockfalls, and debris flows. According to
the systematic investigation by the Ministry of Land
and Resources of China, landslides, rockfalls, and de-
bris flows induced by the earthquake were observed in
15 000 sites (Yin et al., 2009). The landslide in the

Niujuan Valley, near the earthquake epicenter, is an
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example. The Niujuan landslide, the largest landslide
around the epicenter, blocked the Niujuan Valley,
formed a landslide barrier lake, and resulted in three
deaths, the destruction of one house, and burial of 1
km of road. The subsequent debris flows induced by
landslide destroyed part of the highway from Dujiang-
yan to Wenchuan and delivered copious sediment to
the Minjiang River. Some characteristics of the land-
slide, for example, volume, travel distance, velocity,
and initiation mechanism are noteworthy and have yet
to be described in earlier publications.

A number of publications have described many

landslides triggered by the 2008 Wenchuan earthquake.

Landslides were triggered more than 100 km north of

the epicenter along the trace of the Longmenshan fault.

Kusky et al. (2010) considered that the concentration
of landslides and ground deformation so far north of
the epicenter may have been related to the Mode TI-I1T
fracture propagation focusing the energy along the
fault toward the north. Cui et al. (2009) included the
Niujuan landslide barrier lake in a list of important
lakes produced by the Wenchuan earthquake but did
not describe the landslide. Xu et al. (2009) described
landslide dams triggered by the earthquake, but the
Niujuan landslide, dam, and lake were not included.
Yin et al. (2009) analyzed the distribution of seismi-
cally triggered landslides and described the character-
istics of 33 typical landslides but did not include the
Niujuan landslide. Wang et al. (2009) presented pre-
liminary observations on some large landslides (not
including the Niujuan landslide) triggered by the 2008
Wenchuan earthquake. Sato and Harp (2009), using
images taken on 15 May, 2008 and published by
Google Earth, interpreted landslides triggered by the
Wenchuan earthquake in the Beichuan area, but Wen-
chuan area, where the Niujuan landslide is located,
was not included in their analysis. In this article, we
describe the area where the Niujuan landslide oc-
curred and analyze the landslide characteristics using
remote sensing image interpretation and field surveys.

STUDY SITE
Location

Niujuan Valley, a right tributary of the Minjiang
River, is located near Xuankou Town, Wenchuan
County, Sichuan Province (Fig. 1). The geographical

coordinates of its embouchure are 31°02'44.3"N and
103°2826.3"E, where the highway from Dujiangyan
to Wenchuan (Highway #317) intersects it. The linear
distance from Niujuan Valley to Wenchuan is 53 km,
to Dujiangyan is 15 km, and to Yingxiu, the epicenter
of 2008 Wenchuan earthquake, is only 2 km. The
Niujuan Valley is located at the end of the backwater
zone of the Zipingpu Reservoir, the largest one on the
Minjiang River with a holding capacity of over 1.12
billion m®. The straight-line distance from the Niujuan
Valley to the Zipingpu Reservoir dam is just 10 km.
Because of the proximity to the Wenchuan earthquake
epicenter, earth surface features and processes in the
study area were dramatically influenced.
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Figure 1. Location of the Niujuan Valley and sur-
rounding area.

Topographic Setting

The study region is located on the eastern margin
of Qinghai-Tibet plateau, in the high relief transition
zone between the plateau and the Sichuan basin, a
zone where crustal uplift and stream incision are
strong. The catchment area of Niujuan Valley is 10.9
km?, and the length of the main stream is 6.2 km. With
the highest elevation at 2 610 m and the lowest eleva-
tion at 858 m, the total topographic relief of the Niu-
juan Valley is 1 752 m, making the average gradient of
the trunk stream 283%o. Lianhuaxingou, a downstream
tributary of Niujuan River, is the primary study site
because the Niujuan landslide event occurred in its
upper reach (Fig. 2). Its catchment area is 2.1 km?,

steam length is 3.2 km, average stream gradient is
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392%o, and stream gradient of upper stream raises up
to 643%e.

Figure 2. 3D map of the Niujuan Valley.

Geological Setting

Because the study region is located in the transi-
tion zone between the Qinghai-Tibet plateau and Si-
chuan basin, lies on the border between the Yangtze
platform and Yunnan-Tibet margin of the Eurasian
plate, and is influenced by the crustal uplift of
Qinghai-Tibet plateau, the neotectonics are very active.
Most of tectonic lineaments in the region are in an SW
to NE direction or WSW to ENE direction (Fig. 3),
which is identical to the direction of gravity and Moho
depth contours.

Qingchuan
F2

e Niujuan Valley

80 km
Figure 3. Longmenshan tectonic zone. FI1.
Maoxian-Wenchuan fault belt; F2. Yingxiu-

Beichuan fault belt; F3. Pengzhou-Guanxian fault
belt.

The study region lies in the Mesozoic fold belt
that formed through the subduction of the Indian plate
in Indo-Chinese epoch. In the Himalayan movement,
the Himalaya and the Qinghai-Tibet plateau uplifted
under the action of continental collisions, raising the
study region of northwest of Sichuan at the same time.
Thus, the study region is a strongly uplifting area with
active new and old faults. Niujuan Valley is located
close to the Beichuan-Yingxiu fault belt of the Long-
menshan tectonic zone (Fig. 3). The Beichuan-
Yingxiu fault belt, the central fault of Longmenshan
tectonic zone, has been an active dextral reverse fault
belt during Holocene. Historically, there have been
frequent and strong earthquakes. This active fault belt
crosses the Niujuan Valley, and the Niujuan landslide
occurred near this fault.

The two major lithological units in the Niujuan
Valley are Precambrian medium-grained granite and
Triassic sandstone interlayered with shale and coal.
The granite, which is distributed in the upstream and
northwest part of Niujuan Valley, has a high-intensity
coefficient and good engineering property with weak
penetrability. The sandstone is distributed in southeast
part and downstream part of Niujuan Valley. As shown
in Fig. 4, the Yingxiu-Beichuan fault belt crosses
Niujuan Valley from southwest to northeast.

I Granite
[ Sandstone
— Beichuan-Yingxiu fault

Figure 4. Geological map of Niujuan Valley.

EARTHQUAKE AND LANDSLIDE EVENTS
Earthquake Event

The Wenchuan earthquake was a direct triggering
factor for the Niujuan landslide. The earthquake with a
magnitude of 8.0 M; occurred at 14:28 (Beijing time)
on the 12th of May 2008. Its epicenter was located at
Yingxiu, Wenchuan, Sichuan Province (Fig. 5), and
the depth of focus was 14 km.
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Figure 5. Seismic intensity zones in the Wenchuan earthquake. F1. Maoxian-Wenchuan fault belt; F2.

Yingxiu-Beichuan fault belt; F3. Pengzhou-Guanxian fault belt.

Wang et al. (2008) indicated that the surface rup-
ture originated at the epicenter and extended NE to the
boundary of Longmenshan tectonic zone; the whole
process lasted for 110 s. Only 7.2 s after the main
shock, the Pengzhou-Guanxian fault belt began to ac-
tivate due to the right-lateral strike-slip and reverse
thrust. The average distance of strike-slip was 155.0
cm, and the average amount of dip-slip was 118.6 cm.
At 1234 s after the main shock, a larger slip occurred
from Yingxiu to Hanwang along the Yingxiu-
Beichuan fault belt, and 37% of the earthquake energy
was released by this event. During this period, dislo-
cation occurred in both the Yingxiu- Beichuan fault
belt and the Pengzhou-Guanxian fault belt. Disloca-
tion was up to 516 cm in the Pengzhou-Guanxian fault
belt at the depth 9.1 km and 1 249 cm in the
Yingxiu-Beichuan fault belt at the depth 15.5 km. We
infer that the Niujuan landslide most probably oc-
curred during this period as well. The highest seismic
intensity on the surface is estimated to have been in
Category XI of the M.M scale, and the research site is
located in this zone (Fig. 5).

Landslide Event

Because the epicenter of the Wenchuan earth-
quake was very close to Niujuan Valley and the up-
stream and northern part of the Niujuan Valley is
located on the hanging wall of seismogenic thrust
fault, numerous landslides were triggered in this area.
The Niujuan landslide, the largest, occurred at the
headwall of the Lianhuaxingou Valley (Fig. 6a). The
landslide moved down to the headwall foot where it
joined the Lianhuaxingou streambed and channel and
moved rapidly to the confluence with the Niujuan
Valley (Fig. 6b). The original slide mass fractured
during its movement and transformed to a debris ava-
lanche. At the confluence with the Niujuan Valley, the
debris avalanche was obstructed by the right bank
slope where it turned downstream, accumulating in the
Niujuan streambed and channel forming a dam and
blocking the stream and causing a lake to form (Fig.
6¢). In the Niujuan landslide event, three persons were
killed, and a farmer’s house was destroyed.
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Figure 6. (a) Valley headwall source area of the Niujuan landslide; (b) streambed and channel of Lian-

huaxingou and debris avalanche mark; (c) landslide/debris avalanche dam and lake in the Niujuan Valley.

LANDSLIDE INTERPRETATION
SATELLITE IMAGES

Remote sensing imagery was the primary tool for
the study of the Niujuan landslide. Three satellite im-
ages were selected to compare the situation before and

FROM

after the earthquake and landslide.

Image Sources

Two types of satellite images, QuickBird (in-
cluding quicklooks images with a resolution of 7 m
and initial QuickBird images with resolution of 0.6 m)
and Resurs-DK with a resolution of 2 m, were used in
this research. The quicklooks of QuickBird images in-
clude two covering the Niujuan Valley region before
and after the Wenchuan earthquake. Because of the
poor weather prevailing in the study region at the time
of the earthquake, it was difficult to select two images
without cloud cover close to 12 May, 2008. Thus, an
image taken on 26 June, 2005 was selected as the be-
fore image, and an image taken on 2 June, 2008 was
selected as the after image. All were downloaded from
www.digitalglobe.com and were used for comparison
of denudation before and after the Wenchuan earth-
quake. The initial QuickBird image, taken on 2 June,
2008, covers only the main part of the Niujuan land-
slide. It was purchased through ScanEx Research and
Development Center and was used in interpreting the
landslide.

Because there are only red, green, and blue spec-
tral band in the quicklooks images, it was difficult to
create a denudation classification. Special haze re-
moval algorithms (separation of the image into ‘haze’
and ‘no haze’ areas) were applied before the super-
vised image classification. First, areas covered by
clouds and water objects (rivers and reservoir) were

manually masked using vector data from visual inter-
pretation. Then, the image was separated into haze and
no haze areas to make supervised image classifica-
tions for both parts. Finally, “haze” and “no haze”
classified images were combined.

The Resurs-DK image taken on 3 June, 2009
covers the Niujuan drainage basin and part of
Minjiang River valley. It was purchased from JSC
Russian Space Systems and was used to interpret de-
bris flow events after the Niujuan landslide.

Interpretation Result
Comparison between two images before and after
the earthquake

Figure 7, the quicklooks of QuickBird images,
shows the status of Niujuan area and surrounding re-
gion before and after the Wenchuan earthquake. In the
before image, most of the study area is covered by
vegetation except the river bed and residential areas.
Less than 1% of the study area is shown as denuded.
In the after image, 37% of the study area is shown as
denuded. The earth surface at the upper wall of the
Yingxiu-Beichuan fault was disturbed more than at the
lower wall. The boundary between disturbed and less
disturbed surface is very clear along the fault line and
the Niujuan landslide on the upper wall of the fault.

Landslide interpretation

Figure 8 is a subset of the initial QuickBird im-
age of Lianhuaxingou drainage basin taken on 2 June,
2008. Lianhuaxingou is the tributary in the Niujuan
basin influenced mostly by the Wenchuan earthquake.
The seismogenic mass movements, Niujuan landslide
phases, and the travel path were interpreted using this
image.
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Figure 8. Lianhuaxin gully after earthquake and
the travel path of the Niujuan landslide.

Seismogenic mass movements
The Wenchuan earthquake induced numerous

2 km

mass movements, including landslides, collapses, and
rockfalls, etc.. The QuickBird image (Fig. 8) shows
that the mass movements were concentrated in the
middle and upper reaches of Lianhuaxingou basin.
The Niujuan landslide initiated on the right bank and
moved down valley to the Niujuan channel. Other
landslides, collapses, and rockfalls were registered
mainly on the left bank and headwall of the Lian-
huaxingou basin. Their volumes were not large, and
run out distances were limited, but their number is
very large. In Fig. 9, the result of visual interpretation
and mapping of slope processes in ArcGIS Desktop
module ArcMap 9.2 shows all slope processes in
Lianhuaxingou interpreted from the QuickBird image
taken on 2 June, 2008. The arca of mass movement is
0.42 km® and occupies 21% of the whole catchment of
the Lianhuaxingou.

Debris avalanche phase and travel path

There is a large elevation difference and a steep
gradient along the Lianhuaxingou channel from the
head to outlet. Figure 10, the longitudinal profile of
landslide/debris avalanche path, was compiled using
the 1 : 50 000 topographic map. The distance from the
stream head to outlet is 1 950 m, and the mean gradi-
ent is 28%. The Niujuan landslide/debris avalanche
did not stop at the foot of the valley but moved down
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the Niujuan channel, stopping just short of the
Minjiang River. During the event, the landslide body
disaggregated under the influence of the rough surface

907

and its bounding motion, changing the movement type
to a debris avalanche.
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Figure 9. Mass movements in the Lianhuaxingou basin.

The QuickBird image interpretation and field in-
vestigation suggest that the whole movement process
could be divided into three phases: initial landslide,
debris avalanche, and debris accumulation. Zone I, the
initial landslide, is shown in brown in Fig. 9. The dis-
tance of the initial landslide movement is 445 m, the
area is 149 500 m2, and the volume is assessed as

3.0-4.0 million m®. Zone I, the debris avalanche, is
shown in orange in Fig. 9. The distance of movement
is 1 005 m, the width is 130170 m, and the depth is
3040 m. Zone III, debris accumulation phase, is
shown in yellow in Fig. 9. The accumulation area
covers 123 000 m* with 960 m in length and 220 m in
the maximum width. Comparison between a digital
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topographic map and the results of field surveying
with a GPS (Trimble R8) yields a maximum depth of
the accumulation deposit of 38 m and a total volume

of approximately 2.3 million m®. The high mark of the
debris avalanche on the right bank of the Niujuan
channel is 84 m above the streambed.
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Figure 10. Longitudinal profile of the landslide and debris avalanche path.

Figure 11. Postcatastrophic slope processes and
debris flow activity in the Niujuan Valley.

The travel path of the landslide/debris avalanche
was controlled by the topography of the Lianhuaxin-
gou and Niujuan channels and is shown in Fig. 10 as
interpreted from the QuickBird image.

Postcatastrophic processes

The debris avalanche stopped, and its deposit
formed a dam and barrier lake in the Niujuan Valley
(Fig. 10). According to the QuickBird image interpre-
tation, the area of the lake was 9 760 mz, the maxi-
mum height of the dam was 30 m, and the maximum

lake storage capacity was 0.11 million m®. The dam is
stable at present after being strengthened, following
the construction of a rapid flood passage.

The Niujuan landslide and other seismogenic
slope processes deposited large amounts of debris in
the Lianhuaxingou and of Niujuan channels. Debris
flows became more active, following the earthquake
and the seismogenic slope processes. The QuickBird
image shows that a debris flow event that occurred in
the Lianhuaxingou channel before 2 June, 2008. The
magnitude of this event was small, possibly because
the initiating rainfall was limited. The debris flow
stopped in the middle of Lianhuaxingou channel (Fig.
9). A large debris flow event that occurred on 24 Sep-
tember, 2008, induced by the heavy rainfall. This de-
bris flow carried masses of sediments from the Lian-
huaxingou channel and the debris avalanche deposit in
the Niujuan Valley to its outlet near the Minjiang
River. Some houses and portions of highway were de-
stroyed and damaged in this event. Figure 11 is a part
of the Resurs-DK image taken on 3 June, 2009 and
shows extensive debris flow deposits extending to the
lower reach of the Niujuan channel, indicating that
post-earthquake debris flows probably contributed to
the sediment load of the Minjiang River.

CONCLUSION

The Wenchuan earthquake triggered numerous
slope failures, such as landslides, collapses, topples,
and rock falls, in the Niujuan Valley, a tributary of the
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Minjiang River close to the earthquake epicenter. The
seismogenic processes denuded 37% of the Niujuan
basin. The Niujuan landslide, which occurred in the
upstream area of the Lianhuaxingou tributary, was the
largest landslide near the earthquake epicenter. The
landslide moved 1 950 m down the Lianhuxingou
channel, transformed to debris avalanche, and accu-
mulated in the downstream bed of the Niujuan Valley.
The deposit formed a barrier dam 30 m high, creating
a lake basin with a capacity of 0.11 million m’. Fol-
lowing the earthquake and the seismogenic slope fail-
ures, debris flows became more active in the Niujuan
drainage basin due to the debris accumulated in the
Niujuan and other channels. These debris flows
proved to be a secondary hazard to roads and commu-
nication infrastructure for many months following the
earthquake, a pattern observed elsewhere in the Wen-
chuan earthquake region.

REFERENCES CITED

Cui, P, Zhu, Y. Y., Han, Y. S., et al., 2009. The 12 May Wen-
chuan Earthquake-Induced Landslide Lakes: Distribution
and Preliminary Risk Evaluation. Landslides, 6(3):
209-223

Kusky, T. M., Ghulam, A., Wang, L., 2010. Poster Focusing
Seismic Energy along Faults through Time-Variable Rup-
ture Modes: Wenchuan Earthquake, China. EOS Trans.
AGU, 88(54): NH43B-1321

Sato, H. P, Harp, E. L., 2009. Interpretation of Earth-
quake-Induced Landslides Triggered by the 12 May 2008,
M7.9 Wenchuan Earthquake in the Beichuan Area, Si-
chuan Province, China Using Satellite Imagery and
Google Earth. Landslides, 6(2): 153—159

Wang, F. W., Cheng, Q. G,, Highland, L., et al., 2009. Prelimi-
nary Investigation of Some Large Landslides Triggered by
the 2008 Wenchuan Earthquake, Sichuan Province, China.
Landslides, 6(1): 47-54

Wang, W. M., Zhao, L. F,, Li, J., et al., 2008. Rupture Process
of the M, 8.0 Wenchuan Earthquake of Sichuan, China.
Chinese J. Geophys., 51(5) : 1403—1410 (in Chinese with
English Abstract)

Xu, Q., Fan, X. M., Huang, R. Q., et al., 2009. Landslide Dams
Triggered by the Wenchuan Earthquake, Sichuan Province,
South West China. Bulletin of Engineering Geology and
the Environment, 68(3): 373-386

Yin, Y. P., Wang, F. W., Sun, P., 2009. Landslide Hazards Trig-
gered by the 2008 Wenchuan Earthquake, Sichuan, China.
Landslides, 6(2): 139-152




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


