
1 IC/P7-18 

Confinement Studies in High Temperature Spheromak Plasmas
*
 

 

D.N. Hill 1), H.S. Mclean 1), R.D. Wood 1), T.A. Casper 1), B.I. Cohen 1), E.B. Hooper 1),  

L.L. LoDestro 1), L.D. Pearlstein 1),  and C. Romero-Talamas 1)  

 

1) Lawrence Livermore National Laboratory, Livermore, CA USA 94551 

 

e-mail contact of main author: hilld@llnl.gov 

 
Abstract.  Recent results from the SSPX spheromak experiment demonstrate the potential for obtaining good 

energy confinement (Te > 350eV and radial electron thermal diffusivity comparable to tokamak L-mode values) 

in a completely self-organized toroidal plasma. A strong decrease in thermal conductivity with temperature is 

observed and at the highest temperatures, transport is well below that expected from the Rechester-Rosenbluth 

model. Addition of a new capacitor bank has produced 60% higher magnetic fields and almost tripled the pulse 

length to 11ms.  For plasmas with Te > 300eV, it becomes feasible to use modest (1.8MW) neutral beam 

injection (NBI) heating to significantly change the power balance in the core plasma, making it an effective tool 

for improving transport analysis.  We are now developing detailed designs for adding NBI to SSPX and have 

developed a new module for the CORSICA transport code to compute the correct fast-ion orbits in SSPX so that 

we can simulate the effect of adding NBI; initial results predict that such heating can raise the electron 

temperature and total plasma pressure in the core by a factor of two. 

 

1. Introduction 

 

Recent operation of the SSPX experiment produced spheromak plasmas with good energy 

confinement (Te > 350eV and radial electron thermal diffusivity e < 10m
2
/s) for short periods 

(~2ms) [1].  This is a remarkable demonstration of plasma self-organization and relaxation 

into a symmetric toroidal configuration.  These results motivate adding neutral beam heating 

to provide a controlled heat source for transport and beta-limit studies and to further increase 

the plasma temperature. Until now, spheromak plasmas were heated solely by resistive 
dissipation of internal plasma current (ohmic heating).  In the near term, while procuring the 

neutral beam, we are using a new programmable modular capacitor bank to produce higher 

magnetic fields and longer pulses, and to study the physics of magnetic field generation in the 

spheromak.  Efficient magnetic field generation is key to developing the spheromak as a 

potential magnetic confinement fusion energy concept. 

 

Spheromak plasmas in SSPX are produced using DC coaxial helicity injection [2,3].  Coaxial 

gun currents range from 200 to 650kA with total vacuum flux of 12-60mWb.  The resulting 

spheromak plasma is confined inside a 2cm thick tungsten-coated copper flux conserver, 

which provides passive stability to tilt and shift modes. Pulse lengths range from 1-10 msec, 

with confined toroidal plasma currents ranging from 400 to 700kA, resulting in edge poloidal 

fields ranging from 0.2 to 0.5T with corresponding toroidal field on the magnetic axis of 0.4 

to 0.9T.  Plasma major radius is 0.31m and minor radius is 0.18 m, with a central current 

column radius of ~0.12m for most discharges.   

 

High performance discharges result from taking advantage of the fundamental operational 

flexibility of SSPX and from paying close attention to wall conditioning to minimize impurity 

content [4].  Power to the coaxial gun is provided by three independent capacitor banks: 1) a 

0.5MJ formation bank provides 3-10kV pulses with fast rise time (70μs to 90% peak current) 

for initial breakdown and ejection from the gun; 2) a 1.5MJ sustainment bank and associated 
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inductor act as a pulse-forming network to deliver 2-5kV flat-top current pulses to drive edge 

current during sustainment ; and 3) a new programmable 1.5 MJ solid-state modular capacitor 

bank to increase peak current and extend the pulse duration.  The combination of these three 

banks provides a wide range of possible current waveforms, which can be used to maximize 

the confining fields and optimize the internal current profile so as to minimize magnetic 

fluctuations.   

 

In addition to the ability to control the internal current profile by adjusting the gun current 

waveform, we can vary the bias magnetic field configuration using a set of nine 

independently controllable external field coils.  We can vary the spheromak formation 

threshold current by adjusting the fraction of vacuum flux passing through the flux conserver 

as compared to that remaining in the coaxial source region.  The Standard configuration keeps 

more than 90% of the flux in the coaxial region, whereas the most commonly run 

configuration, Modified Flux, has 40% of the flux linking the flux conserver.  The BCS 

configuration pulls more than 80% of the vacuum flux down the central axis of flux 

conserver.  While the modified flux configurations produces the cleanest and hottest plasmas, 

all configurations yield about the same spheromak edge poloidal field for a given gun current. 

 

Limiting impurity radiation is important to achieving high performance.  In SSPX, we rely on 

high temperature baking (100 hours at 165C), titantium gettering of the flux conserver every 

4-5 discharges, and helium shot conditioning.  These techniques help control plasma density 

and impurity content.  Recently we discovered that the 100μm thick tungsten coating on the 

inner electrode (the cathode) of SSPX has failed and sections of it, at one end of the ~25cm 

dia. central current column, now show exposed copper.  While spectroscopy does not show 

clear evidence for copper contamination, it has become increasingly difficult to produce high 

temperature plasmas, so we are recoating with tungsten. 

 

2. Energy Transport in High Temperature Plasmas 

 

High-temperature discharges in SSPX are obtained by flattening the safety-factor (q) profile 

to eliminate low-order resonant magnetic surfaces and thereby minimize magnetic 

fluctuations [5].  This is achieved by operating the coaxial injector at currents such that 

g= 0Ig/ g is slightly less than the eigenvalue of the flux conserver, fc , given by solution of 

B= fcB for the SSPX geometry (here =μ0j/B with g = applied poloidal magnetic flux 

and Ig is the gun current).  Since ejection and formation require a higher initial current pulse 

( eject ~ 2 fc), the practical result of keeping g < fc is that the spheromak magnetic field 

slowly decays on a resistive timescale, r(core) > 10msec).  Ohmic heating during this slow 

decay raises the plasma temperature from less than 50ev to values as high as 350eV. Overall 

global stability of the discharge is maintained as the plasma heats by providing sufficient edge 

current density on the open field lines surrounding the spheromak.  Without this sustaining 

current, the plasma becomes unstable due to contraction of the current profile by resistive 

dissipation in the colder edge regions (Tedge ~30-50eV). 

 

The most recent improvement in performance, raising Te from 200eV to >350eV, was 

obtained by raising the magnetic field about 17%, which required a 4% increase in peak 

formation current and a 20% increase in injector magnetic flux and peak formation current, 

yielding Btor > 0.7T on axis.  SSPX data at constant density (~ 5-7 10
19

/m
3
), as in Fig. 1,

 

show strong scaling of electron temperature with magnetic field.  While the trend in the data 

suggest that SSPX is operating at an electron beta limit ( e ~ 5%), it can also be explained by 

postulating that the perpendicular thermal diffusivity, e, scales with the resistivity in these 
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ohmically heated discharges. Adding  auxiliary heating to provide a controlled heat source 

would help remove this ambiguity.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1. Peak electron temperature vs. edge polodal 

field.  Btor(axis)=1.85Bpol(edge). 

Fig 2. e vs. Te for SSPX compared to 

Rechester-Rosenbluth (RR), Bohm, and 

collisional transport. 

Electron temperatures in SSPX are consistent with the existence of good flux surfaces, and far 

exceed those expected for open field-line transport.  The core electron thermal diffusivity, 

inferred from ohmic power balance, drops rapidly as Te rises, as shown in Fig. 2.  At the 

highest temperatures, e is well below 10m
2
/s, which is in the range of tokamak L-mode 

discharges.  Our transport analysis assumes Ti=Te, sets Zeff=2.5 based on spectroscopy, and 

uses MHD reconstruction to compute local current density.  Recently we installed a neutral 

particle analyzer to measure the energy of neutrals escaping the plasma at the midplane; data 

show E0 < 150eV for discharges with Te  200eV, though early in discharge, when magnetic 

fluctuations are higher, a 300eV tail appears in the neutral spectrum. 

 

We have compared the observed e scaling against several transport models, as shown by the 

solid lines in Fig. 2.  In the case of Rechester-Rosenbluth stochastic field-line transport, we 

have assumed that the turbulent correlation length is the shorter of the collision length or one 

toroidal transit, and that the internal magnetic fluctuations can be characterized by edge 

measurements.  At the highest temperatures, we suspect that a number of our assumptions, 

such as Ti=Te, purely ohmic heating, and steady-state conditions, begin to break down, 

providing further motivation for the addition of controlled auxiliary heating to the experiment. 

 

3. Increasing Pulse Duration and Magnetic Field 

 

We have used the new modular capacitor bank (MB) to study magnetic field generation with 

the aim of increasing the field and pulse length to achieve higher Te at constant e.  The 30 

MB modules contain a 5kV capacitor, an optically triggered thyristor switch, and a current-

limiting inductor, and are tied directly to the injector via new low-impedance coax cables.  

Each module can deliver a 5kV, 50kJ 50kA current pulse, and by adjusting the relative timing 

of these pulses, we can generate a variety of current waveforms to drive the spheromak.  The 

elimination of the pulse-forming network, along with the new cabling, significantly increases 

the fraction of bank energy coupled to the spheromak.  When all three banks operate together, 

a total of 3.5MJ is available to drive SSPX discharges. 

 

The modular bank was used in three operating modes: long-pulse sustainment, high-current 

formation, and multi-pulse buildup.  These operating modes are illustrated below.  In long-

pulse sustainment, Fig. 3, the modules fire individually at fixed intervals of ~230μs, starting 
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at the end of the sustainment bank pulse.  In this way, the 

gun current can be maintained nearly constant with very 

little ripple ( V/V ~1.2%).  In these initial experiments the 

plasma resistivity was high, as evidenced by the relatively 

rapid drop in edge poloidal field following the formation 

pulse (comparing 14457 and 16531 in Fig. 3).  We attribute 

this to damage to the tungsten coating covering the copper 

structure of the coaxial injector. 

 

During the long pulse sustainment phase of 16531, the 

edge poloidal field actually begins to increase again 

starting at 4msec, when g rises above 10m
-1

  fc = 9.9m
-1

.  

When the edge  is higher than the spheromak , helicity 

moves from the gun to the core and the spheromak field 

and current start building.  The mechanism for this helicity 

transport is still under consideration.  NIMROD 

simulations associate the large spikes in gun voltage with 

short scale-length reconnection events near the X-point at 

the mouth of the coaxial injector [6].  After t=6ms, the 

field begins decaying again even though g remains greater 

than fc and the edge magnetic fluctuations, dBpol/Bpol, 

remain 2-3 times higher than in our hottest plasmas, which are slowly decaying.  We are 

unsure why this is so.  In the near term, after we recoat the injector, we will adjust the drive 

current to maintain the field while minimizing fluctuations. 

 

We have also used the modular bank to increase the spheromak magnetic field by producing 

high current formation pulses.  Increasing the gun current was motivated by our experience on 

SSPX that there is a stiff upper bound on the maximum spheromak edge poloidal field for a 

given gun current [7,8]: Bpol 0.65Ig.  By compressing 

the time over which we fire the 30 MB modules, we 

get higher currents, which we can sustain for longer 

duration due to the greater stored energy and lower 

loss of the MB system, as shown in Fig. 4.  The factor 

of two increase in peak edge poloidal field results 

from higher current ( 1.3) and improved current 

utilization ( 1.5, Bpol/Igun=0.85 for 16537 vs. 0.55 for 

12590).  For discharge 16111, the peak current is only 

10% higher than 12590, but the peak field is 1.6 times 

larger, again pointing to a 50% increase in current 

utilization. We believe this is related to the duration of 

formation pulse compared to the helicity decay time 

(see below).  Peak toroidal field at the magnetic axis, 

as determined from CORSICA MHD reconstruction, 

reaches 0.9T for this discharge. 

 

Prior to operating the new modular bank, we used the NIMROD 3D resistive MHD code [9] 

to predict how it would impact SSPX performance. Detailed comparisons of NIMROD results 
with SSPX data show that NIMROD reproduces many features of present discharges, 
including the edge magnetic field, the spectrum and amplitude of low-order MHD modes 
[10], and the relative magnitude and frequency of spikes in the gun voltage which are 

Fig. 3.  Long pulse discharge with 

modular bank (16531) compared to 

standard discharge with 

Fig. 4.  High current formation discharges 

(16111, 16537) compared to standard 

operation (12590).  



5 IC/P7-18 

associated with reconnection events [6].  For simulating operation with the modular bank, 
NIMROD was modified to use the external circuit parameters of the SSPX capacitor bank to 
control the gun voltage and current vs. time. With peak injected gun currents ~800kA, 
NIMROD predicts peak edge fields more than 
twice present values (Bpol(edge) ~0.8 T vs. 
~0.3 T with peak currents ~400A) and 
substantially higher electron temperatures.  
Figure 5 shows NIMROD results for the 
voltage and poloidal magnetic field at the 
edge of the flux conserver midplane as 
functions of time for a given programmed gun 
current trace.  In this case, the simulation 
yields Bpol/Igun=1.0, as compared to 0.85 for 
SSPX pulse 16537, which is very good 
agreement considering that the code starts 
from scratch with only the flux conserver, 
vacuum magnetic flux, applied gun voltage, 
and a uniform plasma density to simulate 
initial breakdown. 
 

Multi-pulse buildup represents the third way in which we have used the new modular bank to 

study magnetic field generation.  Previous experiments in SSPX showed that helicity could be 

added to the spheromak in discrete steps by repetitively pulsing the coaxial source 

[woodruff].  While only two pulses could be applied due to limitations in the capacitor bank, 

the magnetic field energy (and helicity) content of the plasma increased with each pulse.  The 

final field achieved a current utilization significantly higher than had been observed with only 

a single pulse: B/I=0.85. 

 

We have used the modular bank to produce 

five distinct current pulses, as in Figure 6.  The 

poloidal field and total field energy (Wb) 

builds with each pulse, though with steadily 

decreasing energy efficiency for each pulse 

( Wb/ IgVgdt = 0.1, 0.15, 0.08, 0.05, and 

0.04), presumably because more of the gun 

power is used to maintain the field.  The final 

field obtained, 0.25T, corresponds to B/I=0.77, 

a little lower than that of the high-current 

discharge 16537, which may be due to not 

operating at optimal g.  We do not yet 

understand why the second pulse obtains so 

much larger energy efficiency than the other 

pulses.  It is important to note that, in contrast 

to many earlier double-pulse experiments, the 

plasma density remains nearly constant with 

each additional pulse.   

 

Fig. 5.  NIMROD simulation of high-current 

formation pulse as with SSPX modular bank. 

Fig. 6.  Multipulse buildup discharge using five 

distinct current pulses from the modular bank. 
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4. Simulation of Neutral Beam Heating 

 

Achieving high plasma temperatures, 1.0T internal magnetic fields, and producing 10msec 

discharges in SSPX provides strong motivation for the addition of neutral beam injection 

(NBI) auxiliary heating. Addition of NBI decouples the heating from the plasma current (and 

confining field) and provides capability for directly measuring heat loss from the core.  With 

Te > 300eV, a modest 1.8MW NBI heat pulse can significantly change the power balance in 

the core plasma raising both plasma temperature and pressure.  Consequently, we are now 

planning to procure two 0.9MW, 25keV 5ms neutral beams from the Budker Institute in 

Russia to install on SSPX.  The beams have a small enough waist to enter the SSPX flux 

conserver through an existing 5cm tall diagnostic slot. 

 

Before moving forward with the beam procurement, we used the CORSICA 2D Grad-

Shafranov code to simulate SSPX neutral beam heating scenarios to better quantify expected 

results.  CORSICA computes heat and particle transport, as well as self-consistent changes in 

the MHD equilibrium using a variety of transport models. Because the ratio of Bpol/Btor is very 

different for a spheromak compared to high-aspect-ratio tokamaks, and because the fields are 

low, we had to develop a new module for CORSICA to construct the correct fast ion orbits in 

SSPX geometry [11].  This module, coupled to a deposition code (NFREYA), is used to 

calculate the particle, current and power deposition from neutral beam injection.  While exact 

orbit-following codes are potentially more accurate and have been developed for use on 

spheromak equilibrium [12], the CORSICA code is fast and robust and is linked to the 

everyday equilibrium reconstruction of SSPX discharges.  The fast-ion module was 

benchmarked against other simulations of the low-aspect ratio NSTX spherical torus. 

 

CORSICA simulations of neutral beam heating use parameters typical of high temperature 

discharges in SSPX.   As a starting point for this work, we used the equilibrium and plasma 

cross section generated from shot 12367, which was driven by 

500kA formation pulse, 240kA sustainment pulse, with 34mWb bias 

magnetic flux.  The resulting spheromak had 325kA toroidal current, 

BTor=0.45 on the magnetic axis, and edge Bpol= 0.25T at the outboard 

midplane (#12367).  Peak electron temperature and line-average 

density was 250eV and 7 10
19

m
-3

, respectively. Fig 7 shows the 

computed hydrogen neutral beam deposition profile as compared to 

the flux conserver and plasma cross sections (the beam enters 

radially through the diagnostic slot on the right).  There is good 

penetration of the beam without significant shinethrough, so most 

fast ions are born relatively close the magnetic axis.  The ion 

gyroradius is 4cm near the magnetic axis. 

 

CORSICA results show that a substantial fraction of the injected 

25keV beam, of order 70%, would be confined as fast ions in a 

typical SSPX discharge.  Three classes of particle orbits are observed: passing, trapped, and 

potato orbits (particles which are passing but do not encircle the magnetic axis.  Fig. 8 shows 

three such representative orbits.  Before we completed the simulation, there was considerable 

concern that fast-ion orbits in the spheromak would not be well confined and neutral beam 

heating would be inefficient, but this does not appear to be the case for these plasmas when 

the ions are born at least one ion gyroradius inside the separatrix.  Operation at the higher 

currents and fields obtainable with the modular bank will improve the situation. 

 

Fig. 7. Computed beam 

deposition overlaid on 

flux surfaces.  Magnetic 

axis at R=31cm. 



7 IC/P7-18 

Given the expectation of adequate fast-ion confinement, we used 

CORSICA to compute the response of the plasma to the NBI 

heating.  For this purpose, we froze the magnetic equilibrium and 

density profile and solved for the evolution of the temperature 

profiles only, since good models for particle transport and the 

dynamo electric field in a sustained spheromak are lacking.  In 

addition to Ti and Te profiles, CORSICA computes relevant 

beam-related quantities such as the prompt fast ion losses, fast-

ion density and pressure and local  and the resulting neutral 

beam driven current density.  Initial Te and ne profiles were 

obtained from SSPX Thomson scattering measurements, and the 

thermal diffusivities were inferred from ohmic power balance.  

In this analysis we set i= e = 10m
2
/s on the magnetic axis, so 

Ti, which we do not measure, starts off a factor of two lower than 

Te in the simulations. 

 

Our modeling predicts a significant temperature increase resulting from application of 

1.5MW of neutral beam heating.  The total beam heating power (to ions + electrons) exceeds 

the ohmic heating power across the inner half of the minor 

radius.  Peak electron temperature rises from 220eV to 

300eV and Ti increases from 110eV to 170eV over a 

period of 4 ms, after which steady state conditions obtain 

(set by fast ion slowdown or other loss rates).  By the end 

of the 4ms heating pulse, fast ions are responsible for half 

of the 100% increase in plasma pressure, as shown by the 

pressure profiles plotted in Fig. 9.  The predicted 

temperature rise is sensitive to choice of transport 

coefficients, though as the plasma gets hotter it takes 

longer for the beam ions to heat the bulk due to reduced 

collisionality. 

 

The CORSICA modeling has also provided useful information for NBI system design.  While 

the beam parameters are pretty much fixed, the injection geometry can be varied to optimize 

results.  Originally, we focused on radial injection to maximize the beam penetration so that 

fast ions would be born as close to the magnetic axis as possible, since we were concerned 

about orbit quality.  Using the same plasma parameters 

and transport coefficients as above, we varied the 

injection angle to span fully co- to fully counter-

current injection.  A significant variation in heating 

was observed (see Fig. 10): the maximum Te rose from 

300eV to nearly 400eV for co-injection tangential to 

the magnetic axis and was only slightly less (375eV) 

for counter current injection.  With co-injection, 

neutral beam current drive amounted to 13% of the 

total plasma toroidal current.  More interesting, near 

the axis the beams doubled the current density, 

opening up the possibility that NBI could significantly change the current profile and MHD 

stability of the spheromak.  Active control of the internal current profile might prove very 

useful for study of dynamo physics in the spheromak. 

 

Fig. 8. Guiding center 

motion for passing, trapped, 

and potato orbits. x marks 

the magnetic axis. 

Fig. 9.  Computed pressure profiles 

at end of 4ms NBI heat pulse. 

Fig. 10.  Variation of computed peak 

Te vs. NBI injection angle for SSPX. 
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5. Discussion 

 

New, more flexible power systems, careful attention to wall conditioning, and improved 

understanding of the relationship between the gun parameters, the internal current profile, and 

magnetic reconnection are all contributing to producing dramatic improvements in the 

performance of driven spheromak plasmas.  Numerical simulation with the NIMROD code, 

validated against experiment, now provides a framework for understanding how controlling 

the current profile by adjusting the edge  with the sustainment bank can be used to avoid 

unstable modes.  Though small amplitude, these unstable modes significantly damage the 

quality of the flux surfaces and spoil confinement.  Reconstruction of the current profile using 

CORSICA is a key part of this process. 

 

Efficient magnetic field generation remains a challenge for the spheromak concept, since 

higher fields are needed to allow heating to higher temperature.  The stiff proportionality 

between peak field and peak injector current, regardless of the initial flux configuration or 

buildup method, suggests that a fundamental process governs the field generation based upon 

DC coaxial helicity injection.  NIMROD simulations are tantalizing in reproducing the SSPX 

flux amplification, but a clear physical understanding of the limiting processes still eludes us 

and presents a clear challenge to increasing the field.   

 

Given the higher plasma temperatures obtained on SSPX (Te > 300eV) neutral beams now 

look to be a promising tool for improving understanding of energy confinement, transport 

processes, and pressure limits in the spheromak.  In addition to simply increasing the plasma 

temperature, neutral beam heating would also make possible new internal measurements, such 

as Ti, ñ, j(r).  Experience shows that adding NBI heating always produces significant 

qualitative and quantitative improvements to the scientific output of magnetic fusion 

experiments.   
 

References 
 

[1] R.D. WOOD, et al., Nuclear Fusion 45, (2005) 1582. 

[2] T.R. JARBOE, Plasma Phys. Control. Fusion 36, (1994) 945. 

[3] E.B. HOOPER, et al., Nuclear Fusion 39, (1999) 863. 

[4] D.N. HILL, R.D. WOOD, et al., J. Nucl. Mater. 313-316, (2003) 941. 

[5] H. S. MCLEAN, R.D. WOOD, B.I. COHEN, et al., Phys. Plasmas 13 (2006) 056105. 

[6] E.B. HOOPER, T.A. KOPRIVA, , et al., Phys. Plasmas 12 (2005) 092503. 

[7] D.N. HILL, et. al, “Field and Current Amplification in the SSPX Spheromak,” Fusion 

Energy 2002 (Proc. 19
th
 Int. Conf. Lyon, 2002) 

[8] S. WOODRUFF, B.I. COHEN E.B. HOOPER, et al., Phys. Plasmas 12, (2005) 052502. 

[9] C.R. Sovinec, A.H. Glasser, T.A. Gianakon, et al., J. Comput. Phys. 195, 355 (2004); 
C.R. Sovinec, T.A. Gianakon, E.D. Held, et al., Phys. Plasmas 10, 1727 (2003);  

[10] B.I. COHEN, E.B. HOOPER, R.H. COHEN, et al., Phys. Plasmas 12, (2005) 056106, 
and R.H. COHEN, et al., Nucl. Fusion 43, (2003) 1220. 

[11] L.D. PEARLSTEIN, et al., Proceedings 33rd EPS Conf. on Plasma Physics, Rome 

(2006) 

[12] A.F. LIFSCHITZ, R. FARENGO, and N.R. ARISTA, Plasma Phys. Control. Fusion 44, 

(2002) 1979. 



<<
  /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


