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NSTX lithium research is integral part of broad approach to
develop lithium as PFC concepts for future machines

LTX
* Fully non-recycling liquid lithium PFCs
* Profile control with core fueling

LTX lithium handling facility\

NSTX

* Lithium evaporator

* Liquid lithium divertor

* High performance plasma

Erosion/deposition
H retention modeling

\ NSTX materials

analysis probe

Purdue surface analysis facilities
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Goals of Lithium Research on NSTX:

Over-arching goal:

Develop and understand novel Li-based PMI solutions for NSTX, NSTX-upgrade

design, a high-heat-flux facility, and a low aspect ratio component testing facility
(FESAC-TAP)

Operational Goals:
Implement liquid Li divertor for pumping, and investigate other potential benefits:
— Improved confinement
— Reduction/elimination of ELMs
— Longer-term: steady-state high-heat-flux handling

Physics Understanding Goals:

«  Lithium surface physics and chemistry.

« Relationship between lithiated surface conditions and edge and core plasma.
* Role of carbon-Li interaction by comparison to LTX results (no carbon PFCs).
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Lithium research timeline on NSTX

Li pellet injection: LITER EVAPORATORS
2-5 mg pellets, on graphite divertor (2005)
Li Evaporators:
‘06-'07 Single LITER: deposition on graphite
divertor.

‘08-'09 Dual LITER: deposition on graphite
divertor.

Li Powder Dropper: (40 um Li powder)‘09...

Liquid Lithium Divertor [SNL collaboration,

synergy with LTX] (2010-2013):

« LLD-1: Assess pumping capabilities of a liquid
lithium divertor PFC using Li evaporated on
Mo/SS/Cu baseplate.

« LLD-2: Achieve density control using modified/
upgraded LLD-1 - possibilities: outboard mesh,
inboard LLD, enhanced LLD-1 fueling...

« LLD-3: Long-pulse (5s) high-power handling
capability (up to 16MW): capillary surface with
active cooling?

D Mansfield
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Overview of how Li changes NSTX

high-performance discharges

Standard high
k~2.3, 6~0.6 shape
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* Pre-Li, Post-Li
 Longer pulse

* Lower n, early,
higher late

« Higher stored
energy

* Higher H-factor

« Higher radiated
power

 ELM-free, lower

recycling
Kugel PSI08
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Stored energy increased, and edge stability enhanced

(ELMs supressed) with two LIiTER operation in 2008

PAC23-6

We (kJ)

Also reduced or no intershot He-GDC.

Stored energy (Wyyp) increases after Li
deposition mostly through increase in
electron stored energy (W,)
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Enhancement of edge stability with lithium.
Preliminary stability analysis indicates
reduction of edge n., P, gradients responsible
for stabilization of ELMs
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New Lithium density measurements indicate that carbon

remains dominant impurity during LITER operation

PAC23-6,8
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Impurity density profiles from CHERS
C VI, n = 8-7 transition, 529.1 nm
Li [ll, n = 7-5 transition, 516.7 nm

Lithium concentration much lower than

carbon concentration

Carbon increases with Li evaporation

- perhaps due to ELM stabilization
Hollow profiles for both C and Li
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Lithium pumps D - more D fuel required

PAC23-6
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Systematic decrease of in-vessel neutral pressure with increasing Li
Fueling increased to maintain electron density
Increase fueling efficiency with supersonic gas injector.

L TX comparisons are expected to yield physics insights and guide
design of NSTX-U and future STs.
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Pumping/retention of hydrogenic species with and without
Li is highest priority for FY09 research (Joule Milestone)

PA023—1,7|
D retention by Li on PFC surface is . FYO8 results
believed to be primary cause of plasma S 0.0010F | . '
improvements.p g " % ocoos[27° Only/‘."’-—m-‘:r : ;
S £ 00006 / I | | -
o ] E
FYO09 Plan: B 0000sr | | l .
o . @ ooz plasma l | oo
1. Particle balance of ohmic/RF shots > , : .
(Static: valves closed, no pumping) ° - coconds " =
a) Before and with Li, LLD. 97-100% prompt D retention observed in

' ohmic/RF valves-closed shots before and with-Li
b) Time dependent data (sec - day) ICIRF valv with-Li

c) Measure D retained / D ion flux 110.0%

I ——

d) Quartz Microbalance data. 90.0% |

2. Particle balance of NBI shots (dynamic). 70.0% \‘\ bl
. comparable
- to Iezk rate

% retention

3. Investigate surface physics by analysis of

50.0% + Y ——
‘fresh’ samples using new sample probe
(Purdue collab.). 200% 7 : S
4. Modeling (Wall PSI code, Pigarov (UCSD) ). elopsed hours
Over 24 h retention, drops to
5.  “Joint” retention/fueling studies with LTX. ~50% before-Li, 60% with-Li.
Coordinated with C-mod and DIII-D. C. H. Skinner
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Liquid Lithium Divertor (LLD) to be tested in FY 10

Manufacturing of LLD plates challenging - LLD usage delayed from FY09 to FY10

LLD-1
80° SEGMENT

Sandia National Lab LJ Dfplz\ﬁgmlsc
(conical shape the copper first, and then \___J mes'

braze SS-316 to the conical shaped copper).

PPPL is ready with a backup option to
ensure LLD ready for FY10 usage
(braze SS-316 on to flat copper and then
step-bend to it to the conical shape).
Shared Mo plasma spray development
with LTX.

LLD to be installed in summer 2009 'SNL plate after braging
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In-situ Surface Analysis of NSTX plasma-exposed surfaces

PAC23-8
Sample Probe aims to address: “fundamental ] | ]
processes governing particle balance...using 3‘_121 2837
EFITO1

lithium surfaces in the divertor...”
(Joule milestone language)

) |a

4//Strike point
¢///range _
R=0.75-0.85 m -

FY’09 Thermal Desorption Spectroscopy [ |
ex-vessel, promptly after plasma -
exposure (no air exposure). ’

AN :
_ \Sample Probe |
\ _<R=1.042 :

FY’10 sophisticated ex-vessel surface
analysis station (TDS, LEISS, DRS...) ik
for prompt analysis of ‘fresh’ samples to " Langmuir
characterize hydrogen retention and - Probes

lithium bonding state. R=0.797 N
R=0.911_ " | |
I R O N O N L1 1 L L1 1 1 L1 1
World leading direct shot-to-shot 0 05 1.0 1.5 20
correlation of an in-situ PMI surface Candidate model discharge
science measurement with plasma Plan strike point sweep over fixed Langmuir

performance JP Allain (Purdue) probes to measure (D retained / D incident)
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Predictive modeling of LLD performance will be

compared to experiment in FY10-11 PAC23.3

Recycling Coefficient = 0.65

200 ¢ 2T
] R [ —t=0.07s
- NE e Heat Flux —t=0.84 280
- = -
@ =
100% s | 240 —
5 E 3
. 0 S o
1 0.9 0.8 0.7 0.6 T 160
Li Recycling Coefficient 0 0.72 g_ég( )0_8 0.84
m

« UEDGE simulation of NSTX shot 128339 with imposed recycling coefficient on
outer target (Stotler, Pigarov UCSD),

» Quantifies associated reduction in core density.

» Heat flux input to heat transfer calculation with 3-D model of LLD (Zakharov),
* = Predict resulting Li evaporation rate.

» Self consistent predictive simulations of LLD with updated UEDGE (Pigarov (UCSD)),
* Include Li evaporation, sputtering, and transport in SOL.

* Preliminary conclusion is that Li is retained in divertor.

-
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Detailed Modeling of Lithium Behavior in NSTX is Expanding

PAC23-8

Continued UEDGE simulations of Li
migration & penetration into core, as
well as D retention in Li (Pigarov (UCSD)).

Simple estimate of global recycling
coefficient via DEGAS 2 using available
experimental data (Stotler).

Erosion / redeposition modeling of
lithium in Purdue laboratory experiments
and NSTX (Brooks & Allain (Purdue)),

Effect of ELMs & disruptions on liquid Li
(Hassanein (Purdue)).

Probe data from LLD diagnostic module
will substantially enhance input data for
modeling.
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Diagnostic upgrades support LLD research

PAC23-8

FY2009

Li CHERS.
to measure Li transport to plasma core.

« Fast IR Camera.
to characterize ELM interactions.

« Divertor bolometer upgrade.

FY2010
« LLD Diagnostic Tile Sensors. Langmuir probe tile (Thesis research)

Graphite tile transition regions between
segments contain:

multi-Langmuir probe array

signal conditioners (Ruzic, UIUC),
biased electrodes (test of SOL control)
thermocouples

 Lyman-a AXUV diode array.

recycling measurements with highly-
reflective Li.

« |maging spectrometer.
to measure D, Li, C sources.

AXUYV diode array
NSTX PAC-25 — Lithium Research Status and Plans February 18-20. 2009 m I!



Lithium and fueling program plan

PAC23-1

2009-2011

« Perform hydrogen retention and pumping efficiency studies (‘09)

« Test Li powder dropper (‘09 - encouraging results already in ‘08).

« Optimize efficiency of conventional and supersonic gas injector fueling (‘09 - “10)
« Characterize plate-based Liquid Lithium divertor (LLD) module operation (‘10)

* Upgrade LLD based on results (‘11)

« Compare LLD results to LTX. LTX aims at fully-nonrecycling liquid lithium PFC’s, profile
control with core fueling, and flat-temperature “Li-Wall” regime (‘09-'011)

New tools: LLD + diagnostics, upgraded SGI, programmable center stack gas injector,
Investigate Li transport with CHERSs diagnostic

2012-2013
* Long pulse divertor upgrade for 5 sec. long pulses at 2 MA, 1 T - possibilities:
— Re-design or upgrade LLD for longer pulse

* Implement core fueling (pellets (ORNL proposal- funding needed),
Compact toroids (available for installation ‘“11)

New tools: Long pulse divertor, pellet inj., CT injector, new divertor diagnostics
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Summary: NSTX has made, and will continue to make,
substantial progress in assessing novel Li-based PMI solutions

Goal: To assess novel Li-based PMI solutions to support NSTX, NSTX-U, a
high heat flux facility, and a low aspect ratio CTF.

« LIiTER operation is yielding new insights into Li-based PFCs

« D retention with and without-Li is highest priority for FY09 (2.5 run days).
Preliminary results show surprisingly high prompt D retention.

 New sample probe and analysis station will investigate surface physics and
chemistry for shot-to-shot correlation with plasma performance.

« LLD investigations begin in FY’10, upgrade (if warranted) in FY’11.
* Modeling effort ramping up, aimed at LLD comparisons.

« NSTX sample probe data and Purdue lab experiments will together challenge
erosion & redeposition modeling.

- UEDGE & DEGAS 2 will be used to model D recycling as well as Li erosion and
transport.
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Appendix: Response to PAC-23 report (i)

PAC23 queries and Progress and plans
recommendations
1,3 Formulate additional milestones for 2nd FY09 Joule milestone on retention will address
LITER and LLD pumping characteristics of Li surfaces using LITER.
FY10 research milestone will assess impact of LLD on
edge plasma performance.
FY11 BP milestone will utilize new surface analysis
diagnostic (MAPP) to analyze surface chemistry in
'real-time'. Imaging Divertor Spectrometer.
2,3 Focus organizational structure on key Lithium Research Thrust formed led by Charles Skinner
priorities. (research plan and diagnostics) and Daren Stotler
(modelling)
6. Are the positive effects on plasma ELM suppression was correlated to reduction of edge
performance and plasma profiles the density and increase in edge temperature.
result of changes in recycling (pumping)?
6. If the Li pumping is the dominant effect, is | lon Beam tile analysis shows campaign integrated D
the important pumping occurring at the coverage highest in private flux region.
divertor or around the first-wall generally?
6. Is it possible that lithium coatings primarily | Yes - Lab experiments (Sugai) have shown LiH and
bind deuterium loaded into the carbon LiO2 formation and supression of physical and
wall, making it unavailable for recycling? chemical sputtering.

_————————————————————————
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Apendix: Response to PAC-23 report (ii)

PAC23 queries and recommendations Progress and plans

6. Could it be that the positive effects correlating with Li | No. CHERS data shows carbon density

usage are due to suppression of some impurities increases with LITER operation possibly due to
(e.g. C, O) and/or their replacement with Li in the ELM supression.
plasma? Li density very low (~ 0.1%)

6. Closer collaborations with FTU, may also provide Personnel are in contact and visit in both

information on the role of carbon-lithium interactions. | directions.

7. Experiments should include particle accounting (i.e., | Before-Li and with-Li particle accounting
how much gas is injected versus how much is left in | performed in ‘08 and more planned for ‘09.
the vessel after a shot, as well as postmortem IBA, XPS.. tile analysis published for ‘07 tiles
analysis of the tiles). and in progress for ‘08 tiles.

Experiments should be done with bare walls after a
vacuum break (no Li on surfaces) and then, after
lithium is introduced, for each shot.

8. More personnel -> > Hassanein, Allain (collab.) Gray, Jaworski
(postdoc), Kallman (PhD thesis).
Diagnostics -> > Li CHERS, sample/MAPP probe... (slide 8).
Modelling -> > ORNL pedastal stability analysis (slide 13).
Experiments -> > 3-4 run days for retention, LITER, Li powder
dropper FY09.

—_———
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Backup slides

20.Fueling - SGl.

21.Quartz Microbalance data

22.Sample holder design

23. Effect of air exposure on lithiated samples
24. Sample probe road map

25.lon Beam Analysis of 2007 tiles

26.Li Powder Dropper
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Strong pumping by liquid lithium may require
more efficient fueling

Shot= 125059, time= 300

| Langmuir Nogzie_ |

B~ Conventional

I—— Supersonic

_ (G, sal provides efficient,
g controllable fueling
 Stronger pumping by LLD
may require pellets and/or
compact toroids
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Retention also measured by
Quartz Microbalance

QMB mass change
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Sample holder




Lithiated graphite chemical state WITH exposure to air
Li,CO, __CH._,Graphitic L,C0, ~_LioH

O-C /A |
|

—=
9.
wn

Li&ﬂfw-'ﬁ
24hr
1hr
B o
140nm Li+ Ohr Lo
204 292 200 288 286 284 282 536 532 528

Binding energy (eV) Binding energy (eV)

»Li,0, layers are formed after exposing the sample to air
»Li,0, XPS peak intensity increases with air exposure time and decreases
»Li,0, O1s peak @ 530eV disappears after air exposure
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From Allain NSTX res forum 2008.pdf
Role of PMI probe on D retention studies

Purdue surface physics _ _
and chemistry Lab experiments feed into surface

simulation codes to predict NSTX
erosion/redeposition

Provides insight to surface g laboratory experiments

model used in lab exps ) o _
Provides insight to erosion

redep calculations and lab exps
Post-mortem
analysis of tile and < NSTX PMI
witness samples probe
from NSTX Feeds to design of experiment
runs with LLD in NSTX
Liquid Lithium
Divertor NSTX
experiments

Erosion/Redeposition
Computational
modeling in NSTX

At Purdue we’re investigating the role lithium has on deuterium pumping and recycling of
hydrogen and hydrogenous species (also to understand ELM suppression with Li surfaces)

» |n addition we want to systematically study how lithiated surfaces can be modified with
tunable recipes as input to NSTX shots

PMI Probe can help correlate shot-to-shot plasma performance to D retention by
lithium-based surfaces: need in-situ measurements to dynamic nature of Li-D system

4
PURDUE J.P. Allain, D.L. Rokusek, et al. J. Nucl. Mat. accepted 2008 __4
A | R * | \
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lon Beam Analysis of 2007 tiles

S
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Depth (um)
Concentrations of D and lithium versus depth on 2007 tiles .
in regions facing the lithium evaporator (above) and

shadowed from it (below) at the innermost edge of the

lower inner divertor. The upper panel shows measurements

on thin reference samples to indicate the depth resolution, .
which is about 1 yum FWHM at the surface. The references

amples were 310 nm of LiF and 500nm of ErD,.
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W.R. Wampler et al.

40 60 80
Position (cm)

100

J. Nucl. Mater. (in press

February 18-20. 2009

Coverage of lithium and deuterium on the 2007 tiles.
The position is measured downwards from the lower
bevel on the center stack, then radially outwards across
the lower floor.

Analysis depth 15 um Li, 4 um D.
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Promising first results with Li powder dropper (11 shots).

3;;&*;‘, Li Particles

12901
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* Li injection had similar effects to LITER.
« Similar low OH consumption
» Similar Stored Energy
 Similar reduced Recycling
» Similar ELM Suppression

 and in addition:

« Reduced impurity accumulation with
early injection (2 shots).

s
26/16

NSTX PAC-25 — Lithium Research Status and Plans February 18-20. 2009




<<
  /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 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /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 false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


