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Abstract. Improvements in runaway electron (RE) beam feedback control in the DIII-D tokamak have enabled
stable confinement and ramp down to zero current of RE beams produced in rapid shutdowns. Spectroscopic
studies of the RE beams have been used to estimate the RE beam ion and neutral composition, allowing
comparison between measured and predicted RE current decay rates. RE current dissipation is shown to be more
rapid than expected from avalanche theory. Measurements of the RE energy distribution function have been
made, indicating a broad distribution with mean energy of order several MeV and peak energies of order 30—
40 MeV. The distribution function appears more skewed toward low energies than expected from avalanche
theory, consistent with an anomalous drag/scattering term acting on the REs. The anomalous RE current decay
can be enhanced by massive gas injection of additional high-Z impurities into the RE beam. The equilibrium
assimilation of these additionally injected impurities appears to be reasonably well described by simple radial
pressure balance, which will facilitate evaluation of this technique for ITER.

1. Introduction

Runaway electron (RE) beams occasionally form during disruptions or rapid shutdowns in
present tokamaks, and localized wall damage has occurred when these RE beams strike
plasma-facing components [1]. In ITER, it is predicted that a large fraction of unmitigated
disruptions could lead to high current (multi-MA) RE beams [2]. This is due to the large
plasma size (R=6 m, a=1.5 m) of ITER, which is expected to lead to smaller prompt loss of
RE seeds during the disruption thermal quench (TQ) and larger RE amplification during the
current quench (CQ). An uncontrolled multi-MA RE beam-wall strike in ITER could lead to
significant localized wall damage [3] and must therefore be avoided. A variety of research
has been performed on avoiding instabilities which lead to disruptions, predicting the onset of
disruptions, and mitigating unavoidable disruptions in a manner which minimizes the chance
of forming a large RE current, either through applied magnetic field errors or through rapid
shutdown with massive particle injection [4]. Despite these efforts, the present expectation is
that a significant (multi-MA) RE beam will form in many ITER disruptions, even when
mitigated, indicating an urgent need for research on safe RE beam dissipation methods.

GENERAL ATOMICS REPORT GA-A27411 1



CONTROL AND DISSIPATION OF RUNAWAY ELECTRON BEAMS CREATED
E.M. Hollmann, et al. DURING RAPID SHUTDOWN EXPERIMENTS IN DIII-D

At this time, it is not certain if the ITER control system will be able to control the position
of the RE beam current, since the spatial structure of RE current seeds and the subsequent
evolution of RE current are not well known. Present simulations indicate that post-disruption
RE beams will drift vertically in ITER, but that this vertical motion may be brought under
control for sufficiently large RE beams (>10 MA) [5]. However, since uncontrolled RE
beam-wall strikes with currents >2 MA are thought to be potentially intolerable in ITER [6],
a method for rapidly reducing current in 2 MA </, < 10 MA RE beams may be necessary. In
this paper, dissipation of RE beam current with massive high-Z gas injection is investigated.
To evaluate the effectiveness of massive high-Z gas injection for RE beam current dissipation
in ITER, it is important to understand how the RE beam forms during disruptions and what
sets its energy and current profile. Additionally, it is important to understand the assimilation
of impurities injected into the RE beam and the processes by which the injected impurities
dissipate RE current.

2. Overview of Results

The experiments described here are performed in the DIII-D tokamak [7]. In each
experiment, an initially stable discharge is shut down (usually at time ¢ = 2000 ms) with high
velocity (v ~ 500 m/s) injection of a single small diameter (D~2.7 mm) solid argon pellet. In
most cases, low elongation (k=1.3—1.4), inner wall-limited (IWL), electron cyclotron heated
(ECH) target plasmas are used, as these are found to be best for reliably producing large (/,=
200—400 kA) RE beams.

Two main classes of experiments have been performed on these RE beams, or “RE
plateau” plasmas: RE control experiments, where external coils are used to manipulate the
RE beam current and position and measure its structure carefully; and RE dissipation
experiments, where massive gas injection (MGI) is used to deliver large quantities of gas to
the RE beam to collisionally dissipate its current.

In the RE control experiments, it was initially found that the RE beam tends to limit
against the center post and then drift vertically to be lost in an uncontrolled fashion against
the upper or lower divertor. Subsequently, an open loop outward push from the plasma
shaping coils was used to give some radial control, avoiding erratic feedback and avoiding
loss of the RE beam into the center post. Finally, robust linear position estimators were
implemented to enable vertical control of the RE beam position. With effective vertical
position control of the RE beam, ohmic feedback control of the RE beam was demonstrated,
as shown in Fig. 1(a), where different RE beams are either held at constant current for 600 ms
(blue), or held for 200 ms and then ramped down (red), or immediately ramped to nearly zero
current (black) [8].

In the RE dissipation experiments, a vertically stable, current-controlled RE beam [such
as the blue curve in Fig. 1(a)] is struck with MGI (typically 300 to 1000 torr-1 of neon or
argon). An enhanced RE current dissipation rate is frequently observed, as seen in Fig. 1(b).
The enhanced current decay seen following high-Z MGI occurs despite the ohmic coil
(“E-coil”) loop voltage attempting to hold the plasma current constant; the resulting decay
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rate is similar to that observed if a plasma without
MGI is ramped down to zero as rapidly as possible
with the E-coil, Fig. 1(a).

3. RE Beam Structure

Understanding the spatial structure of the RE
beams is necessary for interpreting line-integrated
spectroscopy data for estimating RE beam ion
composition and comparing measured RE current
decay rates with theory. The spatial structure of RE
beams is deduced from two types of inversions:
(SXR) and
performed on fast

(a) inversions of soft x-ray

interferometer data are
downward-moving plasmas not using magnetic
flux contours to demonstrate that both hot and cold
electron densities are reasonably approximated by
magnetic flux contours (Sec. 3.1); and then
(b) inversions of line-integrated spectrometer data
using magnetic flux contours are performed on
stationary plasmas in order to demonstrate that
neutrals are largely excluded from the RE beam
core (Sec. 3.2). The energy spectrum of the RE
beam fast electrons is reconstructed by combining
SXR, HXR, and visible synchrotron emission data

(Sec. 3.3).

I (MA)

04} ]
= | 5
g C .. . ]
= | Ar injection

03 / ;

- MGI pulse ]
a ~ .
02 " 145512 Ne injection _

E.M. Hollmann, et al.

(a) RE current control _

Hold then  Hold to ohmic]

0.45 _

ramp down coil limit

020 ]

E 4145840 ;

E #146130 ]

0.0F #146135 E
2000 2200 2400

2600
'(b) RE 'dissipétion with massive
gas injection

L #145504 . . . .
2010 2020 2030 2040 2050 2060

Time (ms)

FIG. 1. (a) Runaway electron beam
current control showing: shot with
constant current out to ohmic coil limit,
shot held for 200 ms then ramped down,
and shot immediately ramped down to
zero current; (b) Dissipation of
runaway  electron  beam  current
following massive gas injection of
320 torr-1 argon or 1050 torr-1 neon.

3.1. Hot and cold electron radial profiles

Inversions of downward-moving plasmas for two similar shots are shown in Fig. 2. The total
electron density consists of two components: a cold, dense background plasma and a hot, low
density RE beam component. The line-integrated cold background plasma electron density
can be measured with CO, interferometers, and the line-integrated hot electron density can be
estimated from SXR view chords. Figure 2(a) shows SXR view chords and magnetic flux
surface reconstructions during downward motion. The flux surfaces are calculated with a
discrete current element inversion code (JFIT) constrained by external magnetic sensors [9].
Figure 2(b) shows measured SXR brightness vs channel number for three different time steps,
as well as back-constructed SXR brightness from the inversion, showing a reasonably good
fit. Figure 2(c) shows SXR emissivity contours and JFIT contours. Typically, we find that the
SXR center and the JFIT center are within <10 cm of each other. Figure 2(d—f) shows the
reconstructed cold electron density profile for a similar but different discharge; it can be seen
that the cold electron profile [Fig. 2(f)] is much broader than the hot electron density profile

[Fig. 2(c)].
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FIG. 2. SXR inversion showing: (a) JFIT reconstructions of flux surfaces of downward moving RE
beam, (b) SXR brightness vs array channel number at different time steps, and (c) reconstructed SXR
emissivity and JFIT flux surfaces, interferometer inversion showing: (d) JFIT reconstructions of flux
surfaces, (e) line-integrated data vs time, and (f) reconstructed cold electron density contours.

3.2. Neutral atom radial profiles

Tangential visible camera images suggest that visible line emissivity is a reasonably good
flux function [10]. Using JFIT contours as line emissivity contours, it is possible to use line-
integrated visible line brightness data from stationary RE plateau plasmas to make estimates
of the ion and neutral densities in the RE beam. Deuterium density can be estimated from D,
(656.2 nm) brightness, Ar* density from Ar-1I (465.8 nm) brightness, Ar density from Ar-I
(811.5 nm) brightness, and C* density from C-II (657.8 nm) brightness. Photon emission
coefficients from ADAS [11] are used. The D" density can then be estimated from quasi-
neutrality using the interferometer data. Figure 3 shows the resulting profiles for (a) D and D*
and (b) Ar and Ar*. The quality of the reconstructed line-integrated data is shown in panes (c)
for interferometer data, (d) for Ar-I brightness, (e) for Ar-II brightness, and (f) for D,
brightness. Due to the small radial shift observed in the SXR inversions, these inversions
allow for a small (<10 cm) radial shift of the flux function contours to allow the best possible
fit. Overall, it can be seen that the data is fitted within a factor of two or better across the
plasma profile. Neutrals are seen to be mostly excluded from the RE beam core. C* density,
not shown here, is found to be small (~1%) in the RE beam core.
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FIG. 3. Midplane density profiles at t = 2275 ms for (a) deuterium neutrals and ions and (b) argon
neutrals and ions as a function of midplane radius. (c—f) show quality of fits to line-integrated
electron density and line brightnesses. 1y, is distance of closest approach of view chord to magnetic
axis, with negative values indicating view chord passes between magnetic axis and center post.

For the fits shown in Fig. 3(c—f), the radial electron temperature profile was varied as a
free parameter. Central electron temperatures of about 1.4-1.8 eV and edge temperatures of
about 0.8—1.4 eV are obtained. These are roughly consistent with measured line widths of
about 1.6 eV for ions and 1.2 eV for neutrals [10]. This suggests that the visible line emission
is dominated by cold electron collisions, not hot electron collisions, i.e. the interaction
between the cold electrons and ions is stronger than the interaction between hot electrons and
ions.

3.3. Fast electron energy distribution

An estimate of the RE energy distribution function frr(€) can be assembled from different
diagnostics, each dominantly sensitive to a different part of the RE energy distribution:  Si
SXR detectors (mostly sensitive to electrons in the 2-20 keV range), perpendicular-viewing
BGO hard x-ray (HXR) detectors (mostly sensitive to electrons in the 1-5 MeV range),
parallel-viewing HXR detectors (mostly sensitive to electrons in the 2-20 MeV range), and
visible synchrotron emission (mostly sensitive to electrons in the 30+ MeV range).

Figure 4(a) shows an example of a single-energy fit to the measured visible synchrotron
emission spectrum. Single-energy fits can be used to construct a rough fyp(€), as shown by
the circles and error bars in Fig. 4(b). An improved fry(€) can be obtained by doing a self-
consistent fit to all the diagnostics, shown by the red curve in Fig. 4(b). Expected x-ray
brightnesses are calculated using the bremsstrahlung simulations of Ref. 12.

The HXR and synchrotron emission signals are sensitive to the RE pitch angle 0, but the
SXR brightness is not, so the fit to fy(e) of Fig. 4(b) is insensitive to the value of 0 at low
energies and a single pitch angle fit, giving 8=0.2, is used. Integrating over [dAfdefyp(€)v in
Fig. 4(b) gives a plasma current which is much larger than observed. If instead, it is assumed
that only REs with some minimum energy, €,, carry current, then the normalization to plasma
current gives €,~100 keV, suggesting that low energy electrons are less directional and have a
higher pitch angle. Electron cyclotron emission (ECE) is very sensitive to RE pitch angle.
The measured RE ECE spectrum from radiometers and a Michelson interferometer is shown
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by points in Fig. 4(c). The curves are predicted spectra for different assumptions of the pitch
angle 0. It can be seen that the data is reasonably well fitted using the measured distribution
function frp(e) and assuming a large pitch angle 6=0.8 for energies €<100 keV and small
pitch angle 6=0.2 for energies €>100 keV. The model curves in Fig. 4(c) are calculated using
the Schott-Trubnikov formula for single particle x-mode ECE [13]. Collective effects are
ignored, so these curves are not expected to be valid in the shaded cutoff region of Fig. 4(c).
The dashed line in Fig. 4(b) is the distribution function expected from avalanche theory,
fre(P) ~ exp(-p/m.c p), with p=m.cBy and p =[3(Z+5)/w]"* In[A(Z)]=46 for argon [14]; the
normalization is obtained from the plasma current, assuming all plasma current is carried by
the fast electrons. It can be seen that the measured distribution function appears skewed
toward low energies, possibly indicating an anomalous collisional drag on the fast electrons.

€
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FIG. 4. Estimates of RE energy/pitch angle distribution from: (a) single-energy fit to visible
synchroton emission, (b) single-energy fits to SXR, HXR, and visible synchrotron emission (circles) as

well as self-consistent fit to all diagnostics simultaneously (red curve); and (c) fits to ECE emission
spectrum.

4. Dissipation of RE Current With MGI

As shown in Fig. 1(b), MGI of high-Z gas
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equilibrium (no MGI) RE beams, however, the lower assimilation of low-Z atoms appears
more consistent with a lower temperature ratio 7;,0~1/10.

The decay of RE current observed in these experiments is qualitatively in agreement with
avalanche theory but requires the addition of an anomalous loss term in nearly all cases.
According to avalanche theory [15], the growth/decay of RE current is given by vg=C(E —
E it), where C is effectively a constant, vg= Jﬁllg dJre/dt is the decay rate of RE current, E is
the toroidal electric field, and Ei;ne 101 is the critical field for RE suppression. Comparison
with this theory is made in two cases: E-coil ramp experiments where the toroidal electric
field is changed by the E-coil, resulting in a ramp up or down of the RE current; and MGI
experiments, where the E-coil is used in current feedback mode (attempting to maintain the
RE current constant) but a large quantity of impurities is injected into the RE beam. In the
E-coil ramp experiments, the magnitude of £ tends to be large compared with E.j~0.1 V/m,
while in the MGI experiments, E; can be significant in some cases (of order 0.5 V/m or
larger). The toroidal electric field £ on center of the RE beam is estimated from the time
evolution of the magnetic flux obtained from JFIT inversions, averaged over the RE beam
radius. As discussed previously [10], £ on center of the beam can be calculated from E
measured at the edge of the tokamak for a steady RE beam; but in the MGI experiments, the
RE beam position and profile are frequently evolving in time, so the JFIT inversions are used
here. Figure 6 shows vg as a function of E-E for (a) E-coil ramp experiments (with the
comparison taken in the middle of the RE plateau) and (b) MGI experiments (with the
comparison taken as late as possible in the RE plateau before the final RE loss, in order to
allow time for toroidal symmetrization of injected impurities). It can be seen that the
measured decay rate tends to be 10/s to 20/s lower than expected from avalanche theory.
There is some preliminary suggestion in Fig. 6(b) that this anomalous loss of RE current is
due to high-Z impurities — this is seen in the low-Z injection experiments, which appear to
give RE current decay rates in better agreement with theory, as highlighted with the oval in
Fig. 6(b). A possible source of the anomalous loss could be pitch-angle scattering of fast
electrons off high-Z nuclei, which is ignored in present avalanche theory.

20 10
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FIG. 6. RE current decay rate v as a function of toroidal electric field E minus critical field E.; in
(a) experiments where E is ramped up or down using the E-coil and (b) experiments where the E-coil
is attempting to hold 1, fixed, and massive particle injection is used to cause RE current decay.
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5. Summary

We have shown that the REs in the RE plateau phase are dominantly confined to a narrow
(a=0.2—-0.3 m) near-circular beam. Neutral density appears to be large in most of the vacuum
vessel, but smaller inside the RE beam. The energy distribution function of the REs appears
to be quite broad, with a mean energy of around 1 MeV, but extending up to energies
¢>30 MeV. The distribution function appears to be more skewed toward low energies than
predicted by avalanche theory. The plasma current appears to be carried mostly by REs with
energies €= 100 keV and low pitch angle 6=0.2, while electrons with energy £¢<100 keV
appear to have larger pitch angle and carry less current. Dissipation of RE current appears to
follow the expected trend with toroidal electric field from avalanche theory, but with an
added anomalous loss rate of about 10/s—20/s; comparison of data from low-Z and high-Z
massive gas injection experiments suggests that this anomalous loss may be associated with
the presence of high-Z nuclei (argon) in the RE beam. Assimilation of gas injected into the
RE beam appears to be low, of order several percent, consistent with radial pressure balance.
Despite this low assimilation, achieving fairly rapid (~50 ms timescale) ramp down of RE
beam current with massive high-Z gas injection appears relatively straightforward, suggesting
that this method may be useful for RE beam dissipation in ITER.

This work was supported in part by the US Department of Energy under DE-FGO2-
07ER54917, DE-FG03-97ER54415, DE-FC02-04ER54698, DE-AC05-000R22725, DE-
AC52-07NA27344, and DE-AC05-060R23100.

References

] NYGREN, R, et al., J. Nucl. Mater. 241 (1997) 522.
] HENDER, T.C., et al., Nucl. Fusion 47 (2007) S128.
] SIZYUK, V., et al., Nucl. Fusion 49 (2009) 095003.
] HOLLMANN, E.M., et al., J. Nucl. Mater. 415 (2011) S27.
] PUTVINSKI, S., “Runaway electrons in tokamaks and their mitigation in ITER,” presented at
US-BPO Disruptions Workshop, San Diego (2012).
] LOARTE, A., et al., Nucl. Fusion 51 (2011) 073004.
] LUXON, J.L., Nucl. Fusion 42 (2002) 614.
] EIDIETIS, N.W., et al., Phys. Plasmas 19 (2012) 056109.
9] HUMPHREYS, D.A., et al., Phys. Plasmas 13 (2006) 056113.
0] HOLLMANN, E.M,, et al., Nucl. Fusion 51 (2011) 103026.
1] SOMMERS, H.P., et al., Plasma Phys. Controlled Fusion 44 (2002) B323.
12] SELTZER, S.M., et al., Nucl. Instrum. Methods B 12 (1985) 95.
13] CELATA, C.M,, et al., Nucl. Fusion 17 (1977) 4.
14] PARKS, P.B,, et al., Phys. Plasmas 6 (1999) 2523.
15] ROSENBLUTH, M.N,, et al., Nucl. Fusion 37 (1997) 1355.

8 GENERAL ATOMICS REPORT GA-A27411




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


