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ABSTRACT 

The aim of this work is to examine the multi-spectrum nuclear reactor concept as an alternative 
to fast reactors and accelerator-driven systems for breeding fissile material and reducing the 
radiotoxicity of spent nuclear fuel. The design characteristics of the CANDU™ nuclear power reactor* 
are shown to provide a basis for a novel approach to this concept. 

1 INTRODUCTION 

The needs to ensure sufficient nuclear fuel supply for future generations and concerns over 
the availability and cost of repository space for the disposal of high-level radioactive waste are driving 
factors in the development of the next generation of nuclear reactors and fuel cycles.  The current, 
once-through nuclear fuel cycle uses less than one percent of the energy available in natural uranium.  
Fast reactors (FRs) can use uranium resources much more efficiently by breeding and fissioning 
plutonium.   

In the United States, the Advanced Fuel Cycle Initiative (AFCI) [1] has been tasked with 
developing technologies to enable a transition to a sustainable, proliferation-resistant closed nuclear 
fuel cycle.  These fuel cycles are being developed to lessen the burden on future geological spent fuel 
repositories, among other goals.  Current technology proposals toward the reduction of the 
radiotoxicity of spent fuel include the use of FRs and accelerator-driven, sub-critical systems (ADSs).  
Accelerator-driven systems have the potential for greater flexibility and improved safety 
characteristics over FRs. 

A multi-spectrum nuclear power reactor could also address these concerns.  This coupled fast-
thermal reactor system consists of two concentric reactor “regions”.  The central core is typical of a 
fast neutron spectrum reactor and the surrounding region of a thermal neutron spectrum reactor.  
Independently, both regions would be sub-critical.  Their combination, however, is designed such that 
the neutron “leakage” between the regions can provide sufficient reactivity to make the combined 
system critical.  This raises the possibility of designing a single reactor that combines the high 
breeding ratio and potential for actinide burning of a fast reactor with the excellent neutron economy 
and long neutron lifetime producing slow transient response and easier controllability of a thermal 
reactor. 

                                                      
* The acronym CANDU stands for Canadian Deuterium Uranium, indicating the heavy water (Deuterium 

oxide) moderated, natural Uranium fuelled, thermal nuclear power reactor developed in Canada.  It is a trade 
mark owned by Atomic Energy of Canada Limited/ Énergie Atomique du Canada Limitée.  For the ease of 
reading, the “TM” symbol will not be repeated in this paper. 
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2 APPLICATION TO THE CANDU REACTOR CONCEPT 
 

Many of the design concepts of the CANDU pressurized heavy water reactor are, in principle, 
applicable to the design of a coupled fast-thermal reactor.  The use of the CANDU concept as a basis 
for a coupled fast-thermal reactor does improve uranium resource utilization and simplify the fuel 
management strategy for the reactor.  The multi-spectrum CANDU nuclear reactor offers a 
tremendous flexibility in its operation such that, with an appropriate fuel management, a maximum 
amount of energy can be extracted from the nuclear fuel while producing minimum amounts of high-
level radioactive waste.The CANDU reactor as shown in Figure 1 has several unique attributes that 
make it a potential candidate for a multi-spectrum reactor. 

 
 

Figure 1: Overview of the CANDU 6 Nuclear Power Reactor 
 

2.1 Physical Separation of Coolant and Moderator 
 

The physical separation of the coolant and the moderator allows the coolant and moderator 
materials to be selected independently of each other.  The moderator could be excluded from a 
spatial region of the reactor core, with the fuel still adequately cooled.  In this way, a section of the 
core could exhibit a fast neutron spectrum driven by the thermalized fission neutrons that leak out of 
the thermal region of the core. 
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2.2 CANDU Fuel Bundle 
 

The small, simple design of the CANDU fuel bundle (see Figure 2) makes handling, 
reprocessing, refabrication and recycling of active fuel elements much simpler than for the fuel 
assemblies typical of light water reactors. 

 
 
 

 
 

 
Figure 2: CANDU Fuel Bundle Design 

 
 
2.3 On-Line Refuelling Capability 

 
The on-line refuelling capability of the CANDU reactor (simple representation shown in Figure 

3) allows careful management of fuel burnup, both spatially and in time.  It allows the operator to tailor 
the reactor flux shape for an optimal performance of a coupled-reactor configuration.  The reactor’s 
fuelling flexibility may allow fuel to be moved from one location to another and even between the fast 
and thermal regions, depending on the details of the design of the two areas.  The use of new, 
advanced structural materials in fuel bundles might allow the fuel to be cycled within the moderated 
region and then have its fissile content increased by reinserting the fuel bundles in the unmoderated 
region, where additional fissile nuclei would be bred and, simultaneously, actinides and fission 
products burnt.  This would provide fuel recycling without the need of reprocessing or transporting the 
fuel off-site. At the end of the plant lifetime, one could imagine a scenario in which the fast region 
would be filled with a moderator (D2O or H2O), this making the entire reactor moderated to increase 
core reactivity so as to deplete the final fuel as much as possible. 
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Figure 3: Basic CANDU features including on-line refuelling 

 

3 GOALS OF THE PRESENT RESEARCH AND MULTI-SPECTRUM REACTOR MODEL 

The goals of the present research are to examine and compare possible ways that a coupled 
fast-thermal concept can be designed, taking advantage of the CANDU reactor’s unique features.  
Proof-of-principle of reactor physics by using the MCNP Monte Carlo computer code [2] has been the 
first step undertaken for this evaluation. 

The multi-spectrum CANDU reactor model as shown in Figure 4 is based on the design of the 
Gentilly-2 CANDU 6 reactor.  Having the same 37-rod fuel bundle design as the latter, this multi-
spectrum model uses fresh uranium oxide fuel comprised of U-234, U-235, U-238, and O2.  The fuel 
enrichment is defined as the U-235 content and each region can be enriched independently at 
different U-235 levels.  A starting point for the size of the inner fast core is provided by A.M. Judd [3], 
providing the fuel compositions and dimensions of a typical 600 MWth oxide-fuelled power fast 
reactor for which the fuel composition is assumed to have reached equilibrium with a feed of 
plutonium from another thermal reactor.  Since the above all-fast reactor is a relatively low power 
reactor, its dimensions can provide a good starting point for the determination of the size of the inner 
fast core of the coupled fast-thermal CANDU, being approximately one fourth of the radius of the 
complete multi-spectrum reactor. 
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Figure 4: MCNP Representation of the Multi-Spectrum CANDU Reactor 

with Values of Pitch and Enrichment Corresponding to the Start of the Optimization. 
 

 
Several arbitrary fuel channel lattice pitch and enrichment values in the inner fast core and the 

thermal region have been simulated with MCNP 5 in order to gain an understanding of the neutron 
flux behaviour and interaction between the two regions.  Two sets of MCNP simulation were 
conducted, one with helium as the filler material in the fast region, and another set with bismuth 
instead of helium as the filler material.  The helium gas captures very few neutrons (virtually 
transparent) and does not become radioactive.  Helium is an effective gas coolant and suitable for 
high temperature applications such as the high-temperature gas-cooled reactor (HTGR) because it 
has a high heat capacity and no phase change at any temperature.  The characteristics of helium are 
highly suitable for the design of a breeder such as the gas-cooled fast breeder reactor.  The rationale 
for considering bismuth as a filler material is that the moderating power of bismuth is relatively low, 
and the density and the heat transfer properties of this material make it a desirable heat sink in case 
of loss of coolant accidents.  Unlike helium, bismuth is not likely to leak out of the reactor’s calandria.  
Figure 5 shows one example of these results using MCNP5, and permits a comparison between 
helium and bismuth as the inner fast core filler material. 

Reflector 
 
Thermal Region 
Fuel Channels 
(23 cm pitch, 5% 
enrichment) 

 
Inner Fast Core 
“Filler Material” 
 
Fast Core Fuel 
Channels 
(22 cm pitch, 5% 
enrichment) 
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Normalized Radial Power Density Distribution - 5% Enrichment in Both Regions
Fast Core Pitch = 16cm, Thermal Region Pitch = 20cm
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Figure 5: Normalized Radial Power Density Distribution. 
Fuel Enrichment: 5% in both Regions. Fast Core Pitch: 16 cm. 

Thermal Region Pitch: 20 cm. 
 
 
4 OPTIMIZATION OF THE MULTI-SPECTRUM CANDU REACTOR 

 
An optimization technique based on the Gauss’ Steepest Descent method has been 

implemented in order to improve the design of the reactor and find a compromise, while respecting a 
number of safety related constraints, between some important design criteria (i.e. objective functions) 
such as the excess reactivity, the form factor (power peaking), and the absorption rate of U-238 
(neutron capture).  The latter criterion is used to assess the breeding potential for the multi-spectrum 
CANDU.  This optimization procedure eliminates the need to move forward by trial and error in finding 
an optimal compromise between the design criteria, therefore drastically reducing the required 
amount of MCNP simulations and total computational time.  It also offers the flexibility to use 
weighting factors for assigning more importance on specific design criteria, if desired.  Note that 
bismuth was chosen as the filler material in the inner fast core. 
 
4.1 Steepest Descent Methods 
 

Among the several classes of optimization methods are the techniques based on iterative 
procedures such as the Steepest Descent Methods.  These iterative methods lend themselves very 
well for computer applications, with the iterative procedure starting with an initial guess of the values 
of the decision variables.  This set of values constitutes a point in a multi-dimensional space, each 
decision variable represented by a direction in this space.  The value of the Index of Performance (IP) 
or objective function is then computed as a function of this initial set of decision variables values.  In 
addition, all the constraints of the optimization problem are verified since they are also functions of the 

Fast Core Thermal Region 
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decision variables.  This allows one to determine whether the initial point is within the permitted or 
feasible region. 

With this information on hand, the method then seeks to move away from this initial point to 
another position in the multi-dimensional space characterized by a set of coordinates (values for the 
decision variables) and such that the new value for the index of performance would be lower than the 
previous value, while the constraints would all be respected.  This new point is obtained by adding a 
set of modifications to the coordinates of the original point.  The goal of the method is to determine 
the most appropriate values for these modifications to the decision variables. 

The modifications are calculated as based on “local” information of the behaviour of the index 
of performance function near the current point, as provided by the function representing the index of 
performance, and its first, second, third,…, partial derivatives, all evaluated at the current point in the 
multi-dimensional space.  The specific steepest descent methods differ from each other by the nature 
of the recurrence equation (or set of equations), and on the highest order of the derivatives that they 
are based on. 

If the position in the multi-dimensional space is represented by a vector from the origin of the 
axes, then the set of modifications may be represented by another vector that is added to the position 
vector, the result being another vector representing the new position in the space.  The vector of the 
modifications is indeed a “step” with a magnitude and a direction in the multi-dimensional space.  
Once the new point is determined, the value of the index of performance corresponding to this new 
position is calculated and compared with the value for the previous position.  If this value is lower, 
then the constraints are verified and if they are all met, the iterative procedure is repeated for 
additional iterations toward positions yielding lower values of the index of performance while meeting 
all the constraints.  The iteration is terminated when all the convergence criteria are satisfied.  The 
“convergence criterion” may be a set of criteria that have to be all met to end the iterative procedure.  
For example, the variation of the IP and the Δxj

(i) must all be less than a given value for the last two or 
three iterations. 

The Steepest Descent methods offer a large amount of flexibility to the analyst who may 
consider the modification vector just calculated as a guideline only.  For example, if, after a 
modification vector has been computed, the estimate of the decision variables vector leads to a higher 
value of the Index of Performance, or to a condition for which one or several of the constraints are no 
longer respected, the user can use only one-half, or even one-fourth, of the magnitude of the decision 
variable modification vector, while keeping the same direction just calculated.  Hence a new point is 
selected partway between the new point just found and the previous one.  At this new point, the value 
of the index of performance is calculated and the constraints verified.  If again, some constraints are 
not met or if the value of the index of performance is still higher, then the magnitude of the 
modifications vector is reduced further.  Otherwise, the iterative procedure is resumed from there. 
 
4.2 Example of the Optimization Process 
 

An example of the effectiveness and flexibility offered by this optimization technique is shown 
in Figures 6 and 8.  A set of initial parameters (fuel channel pitches and enrichments in both regions) 
is arbitrarily chosen at the start of the iterative process.  Every iteration leads to a new set of 
parameters that are required to achieve convergence in the optimization process. In this example, up 
to iteration No. 6, one can see that the form factor improves (1.3 to 1.19) at the expense of the other 
objective functions, justifying the price to pay in the losses of excess reactivity and U-238 absorption 
rate.  Figure 6 shows that convergence is achieved in only 6 iterations, which epitomizes the 
efficiency of the Gauss Steepest Descent method.  Optimization #5 resulted in a pitch and an 
enrichment of 14.8 cm and 3.6%, and 20.1 cm and 15.6%, in the inner fast core and the thermal 
region, respectively.  It also resulted in a positive reactivity of 374.5 mk, a form factor of 1.19, and a 
breeding potential of 3.37E9 U-238 atoms cm-3 s-1 . 
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Index of Performance of Multi-Spectrum CANDU - Optimization # 5
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Figure 6: Optimization #5 - Index of performance of multi-spectrum CANDU 

 
 
The optimization was carried further into optimization #6, as displayed in Figures 7 and 8, with 

a new weighting factor for the excess reactivity.  Hence an additional seven sub-iterations were 
performed, resulting in a pitch and enrichment of 15.5 cm and 10.4%, and 20.0 cm and 11.4%, in the 
inner fast core and the thermal region, respectively.  Also, a result, a positive reactivity of 360.5 mk, a 
form factor of 1.14, and a breeding potential of 5.05E9 U-238 atoms cm-3 s-1 were achieved.  Although 
the final excess reactivity was slightly reduced by 14 mk compared with optimizations #5 (374.5 mk 
versus 360.5 mk), the form factor and the U-238 absorption rate improved further from 1.19 down to 
1.14 and by an increase of 33%, respectively.  It is assessed that the price paid for the loss in excess 
reactivity is small relative to the benefits achieved with the form factor and breeding potential.  
Moreover, one can notice that the Index of Performance went up after the 7th iteration.  Another 
iteration was therefore attempted, which brought the IP down again and demonstrated the strength of 
the Gauss optimization method in redirecting the optimization process towards the right direction. 
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Index of Performance of the Multi-Spectrum CANDU - Optimization # 6
(wi th different weighting factor)
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Figure 7: Optimization # 6 - Index of performance of the multi-spectrum CANDU (with different 
weighting factor) 
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Optimization # 5 and 6 - Intercomparison between the three Objective Functions
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Figure 8: Example of Results from Optimization Technique – 

Comparison between the three objective functions 
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4.3 Summary of all Optimization Results 
 

In general, the number of iterations required to achieve convergence and the behaviour and 
trend of the Index of Performance are similar to the optimization results using the Gauss Steepest 
Descent method for the optimal fuel management of a thorium-fueled CANDU PHWR [4].  Table 1 
presents a summary of all optimization results.  The multi-spectrum CANDU reactors obtained 
through optimizations #4, #5, #6, and #7 have all been optimized with respect to the three objective 
functions.  All of their form factors are at, or below the limit of 1.20 set by H.W. Bonin in his work for 
the fuel management of a thorium fuel cycle [5], which corresponds to a limit normally imposed for a 
CANDU 6 at refuelling equilibrium.  These form factor results are significant considering that the multi-
spectrum CANDU model is without any control rods or burnable poison.  Optimal reactors #4 and #5 
have very similar results of the objective functions except for the breeding potential which is 18% 
higher for optimization #5.  Next, the breeding potential for optimal reactor #6 is significantly higher 
than that for reactor #5, by about 33%, however, this came with a loss of excess reactivity of 14 mk.  
Following that, the excess reactivity for optimal reactor #7 is higher than that for reactor #6, by 21.6 
mk, but, consequently, a high price had to be paid for the loss of breeding potential, which went down 
by about 41%.  The first three optimizations were conducted with a smaller number of fuel channels in 
the multi-spectrum reactor.  Optimization #4 demonstrated that maximizing the number of fuel 
channels in the multi-spectrum reactor led to a better Index of Performance.  Hence, optimizations #1, 
#2, #3 were not considered as optimal models. 

All four aforementionned optimal reactors (#4, #5, #6, #7) are suitable depending on the priority 
given to the multi-spectrum CANDU reactor at a given time.  On one hand, if the breeding potential is 
considered more important than the excess reactivity for the next generation of nuclear reactors, then 
optimal reactor #6 would be well suited.  The multi-spectrum reactor model #6 also has the best form 
factor of all the optimal reactors (1.14).  On the other hand, if one wants to maximize the excess 
reactivity as much as much possible (to maximize the average fuel discharge burn-up) while still 
giving fair considerations to the form factor and the breeding potential, then optimal reactor #7 would 
be more suitable.  Optimal reactor #5 has an excess reactivity and a breeding ratio that are in-
between that of reactors #6 and #7 while the form factors are similar, so, if all objective functions are 
considered equally important, then optimal reactor #5 would be more appropriate.  The multi-
spectrum reactor derived from optimization #8 offers, by far, the highest breeding potential; however, 
there is a significant penalty in terms of the form factor and, to a lesser extent, the excess reactivity. 
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Table 1: Summary of Optimization Results 
 

Optimization # 1 2 3 4 5 6 7 8 
         

# channels fast core 44 44 69 69 69 69 69 69 
# ch. thermal region 336 336 336 380 380 380 380 380 
Total # of channels 380 380 405 449 449 449 449 449 
         
Index of Perf. 34.5 30 29.8 28.9 29.6 225.6 247 2783 

         
Decision Variables         
x1 (cm) 23.5 16.8 16.5 15.7 14.8 15.5 15.5 18 

         
y1 (%) 19.9 10.7 4.7 3.1 3.6 10.4 16.3 2.4 

         
x2 (cm) 22 20 20 20 20.1 20 20 22.5 

         
y2 (%) 15.4 13.3 16.1 15 15.6 11.4 18.8 5.5 

         
Objective Functions         
phi1 (mk) 395.4 366.9 374.5 371.3 374.5 360.5 382.1 353.4 
         
phi2 1.23 1.16 1.23 1.21 1.19 1.14 1.15 1.26 
         
phi3 x 109 (cm-3 s-1) 4.59 4.23 2.92 2.75 3.37 5.05 2.97 10.50 

 

5. CONCLUSIONS 

The present work has demonstrated the feasibility of the multi-spectrum CANDU reactor 
concept from the nuclear reactor core physics viewpoint, and also the effectiveness and flexibility of 
the optimization method used.  From the optimization exercise, the merits of selecting the optimal 
values for the decision variables are evident, leading to an optimal design of the multi-spectrum 
CANDU reactor.  

The purpose of the optimization was to determine a reactor configuration that maximized the 
excess reactivity and the average U-238 absorption rate, i.e. the breeding potential, while at the same 
time lowering the form factor as low as possible in order to find a suitable compromise.  The 
compromise between these three objective functions had to be established within certain constraints 
of the form factor (≤1.3) and the fuel channel pitch and enrichment for the two regions, i.e. a pitch 
greater than 20 cm for the thermal region and a U-235 enrichment lower than 20% in both regions.  It 
is concluded that the optimization procedure using the Gauss Steepest Descent method worked very 
well for the case of the multi-spectrum CANDU and could be used again in the future if one is 
interested to optimize other parameters of the reactor, such as the inner core radius.  The 
optimization process led to a few optimal reactors, which are significant improvements of the baseline 
multi-spectrum CANDU with excellent values of the form factor.  The form factor was less than 1.2 in 
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most cases, which is very impressive considering that the multi-spectrum CANDU model is without 
any control rods or burnable poison in the moderator. 

There are 4 optimal reactor models that could well represent the basis for further development 
of the multi-spectrum CANDU nuclear power reactor, and their characteristics are summarized in the 
rightmost four columns of Table 6-4 (shaded).  On one hand, if the breeding potential is considered 
more important than the excess reactivity for the next generation of nuclear reactors, then optimal 
reactor #6 would be well suited.  The multi-spectrum reactor model #6 also has the best form factor of 
all the optimal reactors (1.14).  On the other hand, if one wants to have the excess reactivity as high 
as possible while still giving fair considerations to the form factor and the breeding potential, then 
optimal reactor #7 would be more suitable.  Optimal reactor #5 has an excess reactivity and a 
breeding ratio that are in-between that of reactors #6 and #7, while they all have similar form factors.  
Therefore, optimal reactor #5 could be chosen if all objective functions are considered equally 
important.  The multi-spectrum reactor derived from optimization #8 offers, by far, the highest 
breeding potential; however, there is a more significant penalty in terms of the form factor (1.26) and, 
to a lesser extent, the excess reactivity. 

ACKNOWLEDGEMENTS 

I would like to express gratitude to my supervisor Dr. Hugues W. Bonin for his multiple 
guidance and encouragement throughout this project.  I also want to express my appreciation to Dr. 
Gary Dyck for providing direction and Dr. Jeremy Whitlock for giving advices that eased the 
progression of the thesis work. 

REFERENCES 

[1] United States Department of Energy, “Advanced Fuel Cycle Initiative: The Future Path for 
Advanced Spent Fuel Treatment and Transmutation Research,” Report to Congress prepared 
by the U.S. Department of Energy, Office of Nuclear Energy, Science, and Technology (2003) 

[2] X-5 Monte Carlo Team, “MCNP – A General Monte Carlo N-Particle Transport Code, Version 
5,” Los Alamos National Laboratory report LA-UR-03-1987 (2003) 

[3] Judd A.M. Fast Breeder Reactors, An Engineering Introduction. Pergamon International Library 
of Science, Technology, Engineering and Social Studies. 1981. pp. 25 

[4] H.W. Bonin and A. Sesonske, "Optimal Thorium-Fuelled CANDU™  Nuclear Reactor Fuel 
Management", Nuclear Technology, Vol. 68, No. 3. 1985. pp. 319-335 

[5] H.W. Bonin, "CANDU Pressurized Heavy Water Reactor Thorium-233U Oxide Fuel Evaluation 
Based on Optimal Fuel Management", Nuclear Technology, Vol. 76, No. 3. 1987. pp. 396 
(1987) 



<<
  /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


