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Abstract. The detailed characteristics of the precursor of type I ELM have been studied in JT-60U using
diagnostics with high temporal and spatial resolution such as microwave reflectometer, electron cyclotron
emission (ECE) heterodyne radiometer and grating polychromator. Coherent density and temperature precursors
have been observed before the collapse phase of the type I ELM. The growth rate of the precursor is evaluated
to be y/wx ~ 107 for several edge pedestal conditions. From the phase delay between ECE signals measured at
two toroidal locations and the frequency of the precursor, the toroidal mode number is experimentally evaluated
as n = 8-10 or 14-16 assuming that the precursor rotates toroidally with the same toroidal rotation speed of
carbon impurity. It is found that the dominant » varies with each ELM under the same plasma condition. A new
parameter of the ratio of the pressure gradient inside the pedestal (p';,) to the pressure gradient within the
pedestal (p'peq) has been confirmed as an important parameter determining the ELM energy loss (AWgim)
normalized to the pedestal stored energy (Wpyed), AWgLm/Wpea. When the ratio of p'iy/p'peq increases from 0.3 to
0.6, AWgim/Wpea increases from 0.04 to 0.10. The dependence can not be explained by either the edge
collisionality dependence or the edge toroidal rotation dependence of AWgim/Wea. When the plasma near the top
of the pedestal on the high-field side is heated by the electron cyclotron wave (ECW) power of 1.57 MW, the
AW/ Wyeq Was reduced by 33 %, together with the increase in the ELM frequency. The increasing rate of the
ELM frequency with the heating power is four times larger in the ECW injection case than the neutral beam
injection case, suggesting the localized ECW injection to the edge plasma can be considered as a candidate for
an active ELM control technique in ITER.

1. Introduction

The rapid release of heat and particles from edge plasma due to edge localized modes (ELMs)
is one of the critical issues in ITER, since the instantaneous heat load may determine the
lifetime of plasma facing components and/or divertor targets. In Q = 10 inductive operation
scenario for ITER, the high confinement mode (H-mode) plasma with type I ELMs has been
considered as a reference scenario. However, the heat load limit of 0.5 MJ -m” for both of the
tile materials, carbon and tungsten, requires an acceptable ELM energy loss (AWgLm) of less
than 1 MJ [1], which corresponds to about 1% of the pedestal stored energy (Wpeq) in ITER.
The current acceptable value relies on the normalized ELM energy loss of AWeim/Wped ~ 0.2
based only on the edge collisionality (v ) dependence of AWgpy/ Wpea [2]. Since other
dependences have been observed as described below, better understanding of ELM physics
and developing models of energy loss process due to ELMs with predictive capability are
important for reliable prediction of the ELM energy loss in ITER. In parallel with these
studies, investigations of small or no ELM regimes, and developments of active ELM control
methods have been performed in many devices to establish ELM mitigation technique
compatible with ITER reference scenario [3-5 and references therein].

In JT-60U, fast dynamics of type I ELMs has been investigated for developing a model of
ELM [6]. In the previous experiments, however, the toroidal mode number of ELM
precursors has not been evaluated using the magnetic probe array, since ELM precursors in
magnetic fluctuation have not been observed. Thus, a new transmission line for electron
cyclotron emission (ECE) diagnostics toroidally separated by 60 degrees from the original
transmission line has been installed for the correlation analysis of temperature precursors in
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JT-60U. Then, detailed characteristics of ELM precursor such as growth rate and mode
number have been evaluated for understanding what kind of instability triggers the type I
ELM. Prediction of the ELM energy loss in ITER is essentially important for evaluation of
required conditions of ELM mitigation in ITER. The Ve dependence has often been used for
this purpose. However, a large variation of AWgim/Wpeq has been observed in many tokamaks
and so that other plasma parameters determining AWgLm/Wpea have been proposed such as
normalized ion gyroradius Qo* = p/a) in DIII-D [7] and edge toroidal rotation velocity (V1) in
JT-60U [8]. In addition to these parameters, the integrated simulation of ELM energy loss
using TOPICS-IB code predicts the ratio of the pressure gradient inside the pedestal (p'in) to
the pressure gradient within the pedestal (p'peq) can change AWrLm/Wped through the different
radial profile of the eigenfunction of unstable modes [9]. To confirm the prediction, the
dependence of AWgim/Wpea On p'in/p'pea predicted by TOPICS-IB code has been checked
using experimental data in JT-60U. Active ELM control methods using resonant magnetic
perturbation produced by internal coils and pellet injection have been considered as primary
methods for ITER [4 and references therein]. Since there are still some remaining issues on
these methods, alternative ELM mitigation techniques have been investigated. As one of
them, modulated edge ECCD/ECH was applied in ASDEX Upgrade and the ELM frequency
was clamped from ~150 Hz to the modulation frequency of 100 Hz [10]. In JT-60U, on the
other hand, the effects of the continuous injection of the electron cyclotron wave (ECW) on
AWgLwm/Wieq have been investigated.

2. Characteristics of type I ELM precursor

Coherent density and temperature precursors of type I ELMs are typically observed 200-
500 us before the collapse of the pedestal structure and the temperature precursor is observed
within the narrow radial region at the pedestal [6]. In plasma with /, = 1.6 MA and Bt =4.0 T,
simultaneous ELM precursor measurements are performed using the microwave reflectometer
and the ECE radiometer, which measure the midplane plasma on the low-field side as shown
in FIG. 1(a). A coherent density precursor is also observed in the line-integrated density using
the vertical interferometer (FIR2) as shown in FIG. 1(c). In FIR1 signal measured at the high-
field side, on the other hand, the amplitude of density fluctuation is about 10 % of that in
FIR2 signal even if the viewing chord of FIR1 is passing through only the edge plasma
region, r/a > 0.7, indicating that the ELM precursor is localized on a low field side, like a
ballooning mode.

As shown in FIG. 1(d), the precursor in the density fluctuation measured with the
reflectometer is most visible. The variation in the phase signal of the reflectometer is mainly
attributed to the radial displacement of the cut-off density layer. As shown in the small box in
FIG. 2, the growth of the amplitude of the density fluctuation can be fitted by an exponential
function. In order to evaluate the growth rate (») of the precursor experimentally, the time
constant of fitting curves is analyzed systematically using plasmas with 7, = 1.5 MA and Br =
3.3 or 3.7 T. Then, the histogram of the time constant in three different pedestal conditions in
terms of the pedestal stability such as the safety factor (edge current density) and/or the edge
pressure are compared in FIG. 2. The distribution of the time constant has a peak near 150-
200 us and the shape of the histogram is similar in all three cases. Since the Alfvén
frequencies (@) of these plasmas are in the range of 4.7-4.9x10° rad-s™', the growth rate of
the precursor normalized to @, is evaluated to be 7/ wa ~ 1072,
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The toroidal rotation velocity near the measured point of the reflectometer and the ECE
diagnostics is -20+10 km-s™. Here, minus means the direction counter to the plasma current.
Assuming that the precursor frequency is determined by the V' and the toroidal mode number
(n), possible n is evaluated to be 6-17 using the reflectometer signal only. To identify n and
V1, multi-point precursor measurements have been performed using the heterodyne
radiometer and the grating polychromator. Since the toroidal separation of these diagnostics is
60 degree, it is impossible to identify larger » than 6 directly. However, the phase delay and
the frequency of the precursor in ECE signals can indicate possible combinations of #» and Vy
taking account of the toroidal separation and the measured V1. FIG. 3 shows the temperature
precursors in three different cases within 0.8 s under the same plasma condition. Although the
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relative phase between radiometer and polychromator is changed, it is not due to the change
in the direction of the propagation, but due to the aliasing of the measurement because of the
large toroidal separation of 60 degrees. Dashed lines in FIG. 3 are simulated signal and the
model parameters of n and Vr are determined by adjusting the simulated signal to observed
temperature precursors. Observed phase difference in FIG. 3(a)&3(b), 3(c)&3(d) and
3(e)&3(f) can be reproduced with n =8 + 6x, n =9 + 6x and n = 10 + 6x, respectively. Here, x
is positive integer depending on Vr. Assuming that the toroidal rotation velocity of the
precursor is equal to the edge toroidal rotation speed of -20+10 km-s™, the dominant mode
number of n = 8-10 (V1 ~ -20 km-s™) or 14-16 (V1 ~ -12 km-s™) are deduced. It is noted that
the dominant mode number varies with ELMs among the range of n (8-10 or 14-16) even in
the same plasma conditions. In 28 ELMs for 0.8 s in E49217, 6 ELMs have n = 8 or 14, 3
ELMs have n =9 or 15 and 8 ELMs have n =10 or 16 (it is difficult to identify » in other 11
ELMs). The linear MHD stability analysis for E49217 using MARG2D [11] shows that n =
15 mode is unstable and other modes with n = 12-17 are also marginally unstable, suggesting
that a small difference in edge plasma conditions determines the dominant » number for each
ELM crash.

These experimental results suggest that the precursor phase can be considered as a linear
growth phase of peeling-ballooning modes and the instability with such a small growth rate
determines the onset condition of type [ ELM.

3. Dependence of ELM amplitude on pressure gradient inside pedestal

The dependence of AWgim/Wpea 0n p'in/p'pea has been investigated using experimental data
based on hybrid scenario development in JT-60U [12-13]. The definition of p';, and p'peq can
be seen in a small figure in FIG. 5(a). After the calculation of the fast ion component using
OFMC code, the pressure gradients inside and within the pedestal are evaluated (p' = dp/dp,
here p is normalized minor radius in toroidal flux coordinates). In the dataset, most of the
plasma parameters such as plasma shape (R/a = 3.4 m/0.9 m, k ~ 1.4, 6~ 0.3), plasma current
(I, = 0.9 MA), toroidal magnetic field (Br = 1.6 T) and safety factor at 95% flux surface (gos ~
3.3), are fixed. The variation of p'peq is mainly due to the difference in the heating power (Ppet
= 6.5-9.4 MW) and the different core confinement causes a variation of p'i,. In the dataset, the
ELM frequency varies between 43-103 Hz depending on the heating power, the plasma
density and the recycling.
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AWgrm tends to increase with p'i,, while no dependence of W4 on p'is 1s observed, as can be
seen in FIG. 4(d) and 4(c¢). However, the data in FIG. 4(f) is scattered and no clear
dependence of AWgim/Wpeq 0n p'in can be seen.

Based on the dataset shown in FIG. 4, the dependence of AWgim/Wpeq 0 p'in/p'ped 1 shown in
FIG. 5(a). In contrast to p',.q dependence and p'i, dependence shown in FIG. 4(c) and 4(f)
respectively, AWeLm/Wped increases linearly with p'in/p’peq as predicted by the integrated ELM
modeling usmg TOPICS IB code. The dataset shown in FIG. 5(a) is plotted against edge v
or edge V't in FIG. 5(b) and 5(c), respectively. In both cases,
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no clear relation can be seen.

Changes in the ion temperature profile before and after an
ELM, which indicates the ELM affected area, are compared
in FIG. 6(a) for the two discharges marked by A and B in
FIG. 5(a). The larger reduction rate (amplitude of the ELM)
within the pedestal as well as wider ELM affected area is
observed in case A. It is noted that W in case A is smaller
than case B as can be seen in the pressure profiles shown in
FIG. 6(b), while larger AWgpym is observed (26.6 kJ in case A
and 22.1 kJ in case B), resulting larger AWgim/Wpea in case
A. Thus, the pressure at the top of the pedestal and its
gradient (p'peq) are not main parameter in determining AWgim
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FIG. 6. (a) Comparison of

reduction rate of ion

temperature profiles for two
discharges marked by A and
B in FIG. 5(a). (b) Total
pressure profiles for two
discharges.

In the integrated ELM
modeling using TOPICS-IB
code [9], the ELM crash is
modeled by the increasing
particle diffusivity (D) and
thermal diffusivity (y) to
100 m*s™ for fixed duration of
200 us. Using this model,
larger AWgm is  mainly
attributed to wider ELM
affected area and no large
difference in A7/T is predicted.
Since the different amplitude
of the ELM within the pedestal
has been observed in the
experiment as shown in FIG.
6(a), new modeling of the
maximum value of D and y
during ELM crash will be
useful for better prediction.
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4. ELM control using edge ECW injection

The effects of local electron heating near the pedestal by the ECW injection on ELM
characteristics have been investigated in JT-60U. In order that the ECW power is absorbed
near the pedestal in plasmas with 7, = 0.96 MA and Br = 1.7 T (q9s ~ 3.3), the injection angle
of the second harmonic X-mode ECW having the frequency of 110 GHz is adjusted as shown
in FIG. 7(a). When 1.57 MW of ECW power (injection power is 1.73 MW) is absorbed near
the top of the pedestal on high-field side as shown in FIG. 7(b), the ELM frequency increases
from 45 Hz to 90 Hz with increasing edge 7. as shown in FIG. 8(a) and 8(b). With this change
in the ELM frequency, AWy is reduced from 31.1 kJ to 20.3 kJ as can be seen in FIG. 8(d),
while keeping the Wq almost constant. Shortly after the increase in the edge 7. and the ELM
frequency, both core and edge density are gradually reduced by ~7 % taking ~200 ms. The
reduction of the total stored energy by ~8 % is mainly attributed to this density pump-out.

After the ECW is stopped, the plasma enters a short ELM free H-mode phase (~65 ms) as
shown in FIG. 8(e)-8(h). During this phase, the plasma density and the stored energy recover
quickly. At the end of the ELM free phase, higher pedestal
pressure can be achieved than that before the ECW injection,
| which is due to higher pedestal temperature. Then, ELMy H-
| mode phase with the ELM frequency of 50 Hz, similar to that
| before ECW injection, is reappeared. After about five ELMs,
the pedestal temperature gradually decreases to the same
temperature before the ECW injection as shown in FIG. §(f).
These observations suggest that a change in the edge stability
due to the edge ECW injection plays an important role in
determining the ELM characteristics.
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frequency increases with the loss power through the
separatrix, which is proportional to the heating power. In
order to confirm whether the observed change in the ELM
characteristics is due to the power dependence of the type |
ELM or not, the ELM frequency as a function of the
absorbed power is compared between plasmas with the
ECW injection and heated by NBI only as shown in FIG.
9(a). In a wide range of initial heating power of NBI, the
increase in the ELM frequency is observed. Even in the
high g plasma (v = 2.4), the ELM frequency can be
increased. It is noted that the increasing rate of the ELM
frequency is independent from the initial heating power or
the initial ELM frequency. Based on these results, for more
direct comparison, FIG. 9(b) shows the ELM frequency as
a function of EC power or incremental NBI power above
4.5 MW for plasmas with similar recycling level. As can be
seen, the increasing rate with ECW injection is about four
times larger than only NBI heating case. In addition, the
increase in the injection power of NBI by 2.2 MW
(absorbed power of 1.2 MW) only raised the ELM
frequency from ~70 Hz to ~85 Hz as shown by squares in
FIG. 9. These results indicated that the increase in the ELM
frequency with the ECW injection is not due to the increase
in the heating power.

In order to understand how effective the ECW injection is
to reduce the ELM energy loss, the relation between
AWgrm/Wpea and the ELM frequency is compared in FIG.
10. The AWgim/Wpea decreases with increasing the ELM
frequency. Thus, the localized EC injection near the
pedestal can be considered as a candidate for an active
ELM control technique in ITER, although the plasma
confinement is slightly degraded.

When the ECW is injected into core plasma, well inside the
top of the pedestal, the increasing rate of the ELM
frequency is similar to the NBI case. Thus, the absorbed
location of the ECW seems to be important. When ECW is
injected at the top of pedestal on the low-field side in
plasmas with [, = 0.8 MA and Br = 2.2 T (g9s ~ 5.0), no
reduction of AWgpm has been observed so far. Although 1.6

MW of the ECW power is absorbed with the power deposition profile similar to the high-field
side injection case, the ELM frequency decreases from 65 Hz to 55 Hz with increasing
AWgpm. The different response between high- and low-field side injections implies that the
electron cyclotron current drive (ECCD) at edge region may play an important role in the
ELM control. Thus, the ECCD profile calculated by Fokker-Planck code [14] is compared
with the total edge current profile including the edge bootstrap current. In E49797 shown in
FIG. 8, the maximum edge current density of 130 kA-m™ is 16 times larger than the maximum
ECCD of 8.3 kA-m™. It is difficult to change the edge stability by this level of the small
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change in the current profile. Therefore, the change in the stability through the modification
of the edge current profile may not be a main reason why the ELM characteristics are
changed. The understanding the physics mechanism of the ELM control by the edge ECW
injection is left for the future work.

5. Summary

The growth rate of the type I ELM precursor in the density fluctuation measured at the outer
midplane is systematically evaluated in three different pedestal conditions. The growth rate of
the precursor normalized to @, is evaluated to be 107 in all three cases. The phase delay
between ECE signals measured at two toroidal locations and the frequency of the precursor
indicates n = 8-10 or 14-16 assuming that the precursor rotates toroidally with the same
toroidal rotation velocity of carbon impurity. It is noted that the dominant » varies with each
ELM under the same plasma condition. The dependence of AWgLm/Wped 0n p'in/p’ped, Which 1s
predicted by integrated ELM modeling using TOPICS-IB code, has been confirmed using
experimental data in JT-60U. When the ratio of p'i/p'ped increases from 0.3 to 0.6,
AWgrm/Wpeq increases from 0.04 to 0.10. The dependence can not be explained by either the
edge collisionality dependence or the edge toroidal rotation dependence of AWgpm/Wped.
Therefore, a reliable prediction of the edge pressure profile across the top of the pedestal will
be required for a better prediction of the ELM energy loss in ITER. The effects of the local
heating near the pedestal by the ECW injection on ELM characteristics have been
investigated in JT-60U. When the ECW is injected near the top of the pedestal on high-field
side, the AWgim/Wpea can be reduced together with the increase in the ELM frequency. The
increasing rate of the ELM frequency with the heating power is four times larger in the ECW
injection case than the NBI case, suggesting the localized ECW injection to the edge plasma
can be considered as a candidate for an active ELM control technique in ITER.

Acknowledgement

The authors would like to acknowledge all people who have contributed to the JT-60U
projects. This research was partly supported by the Grant-in-Aid for Young Scientists (B)
22760666, Japan Society for the Promotion of Science.

References

[1] ZHITLUKHIN, A., et al., J. Nucl. Mater. 363-365 (2007) 301.

[2] LOARTE, A,, et al., Plasma Phys. Control. Fusion 45 (2003) 1549.

[3] OYAMA, N,, et al., Plasma Phys. Control. Fusion 48 (2006) A171.

[4] OYAMA, N., J. Phys.: Conf. Ser. 123 (2008) 012001.

[S] MAGG]I, C.F., Nucl. Fusion 50 (2010) 066001.

[6] OYAMA, N., et al., Nucl. Fusion 44 (2004) 582.

[71 BEURSKENS, M.N.A., Plasma Phys. Control. Fusion 51 (2009) 124051.

[8] URANO, H., et al., Nucl. Fusion 47 (2007) 706.

[9] HAYASHI, N, et al., Nucl. Fusion 49 (2009) 095015.

[10] HORTON, L., et al., Plasma Phys. Control. Fusion 46 (2004) B511.

[11] AIBA, N, et al., Comput. Phys. Commun. 175 (2006) 269.

[12] OYAMA, N,, et al., Nucl. Fusion 47 (2007) 689.

[13] OYAMA, N,, et al., Nucl. Fusion 49 (2009) 065026.

[14] HAMAMATSU, K., and FUKUYAMA, A., Plasma Phys. Control. Fusion 42 (2000)
1309.




<<
  /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


