
T
r
a
n
s
a
c
t
i
o
n

P
a
p
e
r

Introduction

Rising operating costs have forced aggregate
producers to look at various alternatives to cut
costs to stay competitive. Haulage costs have
risen significantly with the increase of diesel
price. Recently, it was announced in a Turkish
newspapers that the most expensive fuel in the
world is being used in Turkey. This makes fuel
consumption important when designing open-
pit mining or limestone quarries to shorten
haulage distances. 

Several approaches have been developed
over the years. Althoff and Clark1 gave the
detailed comparison between a stationary
crushing plant with haulage by heavy trucks
and a mobile crushing with a belt conveyor
system. In this study capital expenditure and
operational expenses are compared and the
individual cost factors explained. In-pit
crushing and conveying is a well proven
concept for pit automatization but higher
interest rates, limited available capital and low
fuel prices limited the introduction of in-pit
systems in 1990s5. Singhal8 mentioned
optimization truck usage by applying a truck
dispatching system, but the optimization of a
crusher location, as far as haulage distances
are concerned, is first introduced by

Roberstson6,7. Generally works on the subject
have concentrated mostly on the comparison of
truck haulage and the conveyor system in
order to eliminate the cost of diesel2,4.

The company fleet is made up of four 
3.5 m3 back-hoe hydraulic excavators and
eighteen 35-ton capacity rear dump quarry
trucks together with a rotary drilling machine.
Three-inch diameter blasting holes have been
used for blasting operations with the pattern of
3 m of burden and 3.5 m of spacing. The
blasted material is fed to the primary jaw
crusher that has one of the biggest capacities
in Turkey with 600 tons/hour, and then the
material goes through the secondary hammer
crusher to the screening unit for commercial
final products. The final classified product
sizes are 0–5 mm, 5–15 mm, 15–25 mm, and
25–70 mm. All classified materials are stored
in different silos to allow asy loading to
customer’s trucks. 

The company, for which this study is done,
with an annual aggregate capacity of 
3 000 000 tons/year provides nearly a quarter
of Izmir’s demand in the building industry.
There are several other aggregate producers
situated around Izmir. The company has been
operating a crusher with screening plant,
which is visible from the city centre, for nearly
8 years at a place located approximately 10 km
from Izmir. The company authorities have
recently decided to move all the plant to a new
suitable position to keep it out of sight of the
city, because of increasing pressure coming
from Izmir municipality. The existing crusher
plant is located near a quite busy Izmir-
Ankara (capital of Turkey) motorway, so sight
of the quarry and dust coming off both crusher
and the quarry trucks has always been
problem to the people of the province. 
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As a result of the circumstances mentioned above, in
2005 authorities of the company obtained a mine permit for a
new area that is 4 km away from its existing position behind
a hill. They started limestone production from the new mine
site and planned to move the existing crusher plant to the
new quarry site. The authorities were not sure on which
bench it would be better to install the crusher plant to keep
haulage distance to a minimum, so they applied for a project
to the University of Dokuz Eylul in Izmir.

Evaluation of the new quarry

In order to determine the new in-pit crusher position,
topographic mapping had to be completed and all permit
boundaries drawn on this map. The topographic map and
existing position of the new workable area are given in 
Figure 1. 

The body of limestone that will be used for aggregate
production is surrounded by two river beds passing from the
east to the north part of the mine permitted area. Limestone
bearing formations lie on the uphill between +240 to +340 m
above sea level. Flat regions situated on the eastern part of
the river bed are schist formations where limestone forms a
boundary. Geological prospecting and drill holes showed that
limestone reached to level +240 without any interruption,
hence this level is taken as the pit bottom.

Bench heights are planned to be 15 m when considering
the size of the equipment used in the main operation and a
50° final slope angle is organized for the quarry. Figure 2
gives the bench geometry planned for the new quarry.

The first step when evaluating the potential installation of
crusher and screening plant is to establish the geometric
settlement requirements of whole plant. Several alternatives
were taken into consideration, and the final decision was an
online installation. The flow of material utilizing an in-pit
crusher-screening system starts with the trucked material
being dump into the feeder pocket located at a certain bench
level. A decision was taken to establish the main crusher-
screening system on a platform that is located 10 m below the
feeder. The size of the platform was chosen as 30 m wide and
80 m long. The material to be crushed and screened will
move on a direct line on this platform, then the final products
will be stored on a floor established 10 m below the platform
that houses the crusher-screening units. The existing plant
that the company holds requires 20 m of total height. Beside
the space allocated for crusher-screen installation, a specific
requirement came from the company authorities for a large
storage area for different classes of aggregate. An illustration
of the dimension and the system planned for installation is
given in Figure 3. 

The method of selecting the optimum in-pit crusher
location

The main idea behind the optimization technique that was
utilized to solve the current problem was to develop all
potential alternatives and then select the best one i.e. It was a
trial and error process. So it becomes important to show all
possible alternatives that satisfy the criteria. For this purpose,
the limestone deposit were first divided into regular vertical
slices of 5 m thickness. The problem was to find the best slice
level which minimizes the overall travelling distance to the
plant. The crushing plant could be located at any position on
one of these vertical layers, but creating the area necessary
for the crushing plant and stocking area would limit the
utility of the reserve of a specific slice level, so it was decided
to assemble the crushing plant on the edge of each 5 m thick
slice. That gave the planner a chance to define a permanent
average lateral transporting distance that each truck should
travel for a specific vertical slice. This means that if all the
material of a certain vertical slice supposed to be carried to
the crusher plant on the edge of the slice, the average
travelling distance would be this length.

▲
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Figure 1—Existing status of the mine site Figure 2—Planned bench geometry
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The usable limestone reserve between the permit
boundary and schist contact zone has been divided into 5 m
thick vertical slices in order to define bench reserves. The
amount of limestone existing within the layers and horizontal
haulage distances for each slice have been calculated by
using computer software developed for mapping purposes.
Results from these calculations are given in Table I.

Table I gives both the reserves containing 5 m slices and
the average horizontal haulage distances necessary to travel
on this level. The shape of the limestone body brings about
longer haulage distances from higher altitudes to lower
altitudes.

The most important concept in selecting the optimum
crusher location is to exhaust the limestone reserve with
minimum overall haulage distances so as to minimize
haulage cost. To achieve this objective, several crusher
movements have been considered during the life of mine.
Using an in-pit mobile crusher can reduce the haulage costs,
but due to high initial investment cost, this option has not
been considered. Instead, changing the location of the
crusher-screening plant during the operational period by
uninstalling and installing the plant has been studied.
Utilizing the crusher at a stationary position without moving
to another level until the end of mine is the first alternative.
Similarly changing the crusher installation levels once, twice
and three time has also been analysed. Moving the crusher-
screening plant from one level to another has a direct
assembly cost and time cost resulting from stoppage, hence
the final decision should be taken by comparing both
alternatives.

The main considerations to determine the optimum
haulage route can be summarized as follows:

➤ Feeding limestone to the crusher from levels below to
the crusher position will have an additional cost, since
additional energy is required for trucks hauling
material in an upward direction. The cost of raising
material from the lower benches to the upper crusher
position will increase the cost of haulage. To utilize the
effect of upward haulage, total distances were
increased 20% and 30% 

➤ Diesel consumption of a truck is taken as 1 l/km from
the company’s fuel consumption records, and the price
of diesel in Turkey is 1.5 US$/l

➤ The company is equipped with 35-ton capacity trucks,
so that the total limestone reserve of 55 198 996 tons
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Figure 3—Plan view and cross-section of the rooms for the plant
location

Table I

Reserves of 5 m thick slices and average horizontal haulage distances3

Bench level (m) Bench reserve (tons) Cumulative reserve (tons) Horizontal bench haulage distance (km)

335 376 337 376 337 0.120
330 921 175 1 297 512 0.180
325 1 191 143 2 488 655 0.186
320 1 514 635 4 003 290 0.198
315 1 961 154 5 964 444 0.210
310 1 797 627 7 762 071 0.213
305 2 092 311 9 854 382 0.216
300 2 385 167 12 239 549 0.222
295 2 570 726 14 810 275 0.240
290 2 667 096 17 477 371 0.252
285 2 923 588 20 400 959 0.264
280 3 131 263 23 532 222 0.276
275 3 280 716 26 812 938 0.282
270 3 463 746 30 276 684 0.288
265 3 674 541 33 951 225 0.294
260 3 806 634 37 757 859 0.300
255 3 651 006 41 408 865 0.306
250 4 629 373 46 038 238 0.312
245 4 400 170 50 438 408 0.324
240 3 400 420 53 838 828 0.330
238 1 360 168 55 198 996 0.336
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will be removed with total a of 1 577 114 truck cycles.
The main purpose of this study is to chose a crusher
position that minimizes the haulage distance of these
cycles, in another words, minimize the diesel
consumption

➤ The main access road of the pit is located on the south
part of the mine site at level +305. A crusher located on
lower benches has an advantage as far as downward
transportation is concerned, but when it comes to
raising all crushed material to the main access road,
lower crusher positions have become inappropriate

➤ Apart from haulage distances, locating the crusher
plant in the middle of the limestone reserve will limit
the bench reserve utilization due to the necessity of
allocating of large areas for stock pile installation. This
limits the alternatives of the crusher position on a
certain bench.

The method of finding the optimum crusher position is
one of trial and error. The number of alternative crusher
positions to be considered is so high that a computer program
has been written for calculating all possible alternatives. To
explain the method, the first alternative of not changing the
crusher position will be examined. What are the possible
alternatives for locating the in-pit crusher? The answer to
this question is easy for the alternative of not changing the
crusher position until the end of the life of the mine; so, for
the first alternative, the crusher is supposed to be located at
the highest level in the quarry, 335 m level, and all other
level reserves will be transported to this level. By doing so,
the decision variable of reserve transfer value (ton x km) can
be calculated with the following formula by using material
the rising coefficient of 1.2 for level 335:

(Bench 335 reserve*HBHD1 335 + bench 330 reserve*
(HBHD 330 + ((335–330)/100)2*1.2) + bench 325 reserve*
(HBHD 325 + ((335–325)/100)*1.2)
+…….………………..)/total quarry reserve

1 Horizontal bench haulage distance (km) from Table I
2 Total uphill haulage distance with maximum 10% road

grade (km)
376 337*0.120 + 921 175*(0.180 + 0.05*1.2) + 

1 191 143*(0.186 + 0.10*1.2) + 1 514 635*
(0.198 + 0.15*1.2) + 1 961 154*(0.210 + 0.20*1.2) 
+ ……………..+ 1 360 168*(0.336 + 0.97*1.2) = 
46 490 460 tons*km

46490460 tons*km / 55 198 996 tons = 0.84223 km
average haulage distance

The study area has been divided into 21 units of 5 m
thick levels, so the number of possible alternatives is the
same as the level numbers as far as the stationary crusher
position is concerned. When any level below the highest one

is considered to obtain the average haulage distance, the
material from upper levels haas been treated with the formula
above without the material rising coefficient. 

When it comes to study one crusher position change
during the life of the quarry, the algorithm becomes more
complex than the stationary one. The first possible way to
employ the crusher is on the highest level 335, and the
second crusher position would be on level 320 as far as
bench height is concerned. In this case, the level reserves of
335 will have only horizontal bench haulage, all the material
from level 330 and 325 will be carried to the crusher
positioned on level 335 with the rising coefficient. Then the
crusher is supposed to move to level 320 so all reserves of
this level and lower levels will be crushed with this crusher.
The second possible alternative is to move the crusher from
level 320 to 305. The algorithm calculates all alternatives by
moving the second crusher position down to the lowest level
possible, then continues calculating, taking the first position
of the crusher on level 330. Table II gives an idea about the
possible alternatives.

If the crusher has been located on the highest level of the
pit then it is supposed to move to lower benches, calculating
the value of the reserve multiplied by bench horizontal
haulage distance (ton x km). Figure 4 is the flow chart of the
algorithm developed for optimizing the crusher position if
changed once during mine life.

The computer program considers all possible alternatives,
so the solution obtained from the algorithm can be said to be
the optimum. As seen in Figure 4, the first position of the
crusher stays stable, then the second position of the crusher
changes from 15 m below the first position down to the
minimum level of the pit, storing all alternative ton x km
values in the memory. The next step is to move the first
crusher position 5 m below and do the necessary calculations
by moving the second position 15 m below the first position,
and so on. When the crusher changes its position twice, the
algorithm does the same calculations by adding a C3 position
to the algorithm.

There are a total of 21 alternatives to chose from for the
stationary crusher position, whereas this number rises to 458
when it comes to changing the crusher position once during
the life of quarry; 1 682 and 6 012 different possibilities are
created by the algorithm for changing the crusher position
twice and three times respectively.

Evaluation of the obtained results 
Average haulage distances (km), minimum travelling
distances (km) and cost of diesel consumptions ($) have
been calculated by the computer program for four different
crusher movement alternatives and results are given in 
Table III.

▲
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Table II

Possible alternatives

The first position The second position The first position The second position The first position The second position

Level 335 Level 320 Level 330 Level 315 Level 325 Level 310 ….
Alt2 Level 305 Alt8 Level 300 Alt14 Level 295 ….
Alt3 Level 290 Alt9 Level 285 Alt15 Level 280 ….
Alt4 Level 275 Alt10 Level 270 Alt16 Level 265 ….
Alt5 Level 260 Alt11 Level 255 Alt17 Level 250 ….
Alt6 Level 245 Alt12 Level 240 Alt18 Level 238 ….



In Figure 5, the results obtained from the computer
algorithm are given for all possible alternatives covering
crusher level swaps with 0% upward haulage factor. Table III
gives the optimum solutions obtained from Figure 5 for three
crusher level swaps by considering 3 different upward
haulage factors. As it can be seen from Table III, if the
crusher position does not change during the life of mine,
0.475 km average haulage distance is obtained with 20%

upward haulage factor. The optimum crusher position is
located at level +270 m. When the crusher position is
changed once during the life of mine, a 0.363 km average
haulage distance is obtained as the minimum possible
alternative by locating the crusher at level 290 and 270.
Since the computer program searches all possible alternatives
for locating the crusher at different positions, this figure
gives the optimum crusher feeder position. The difference in
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Figure 4—Flow chart of the computer program

Table III

Optimum travel distance and diesel consumptions for different crusher installations3

Upward haulage % Bench levels giving optimum solution Average distance (km) Minimum distance (km) Total diesel cost (US$)

Stationary crusher position*
0 270 0.461 709 134 1 063 701
20 265 0.475 730 670 1 096 005
30 265 0.480 738 361 1 107 542
Crusher level swap number = 1
0 295–250 0.357 549 156 823 734
20 295–250 0.363 558 386 837 579
30 295–250 0.366 563 000 844 500
Crusher level swap number = 2
0 305–275–250 0.320 492 241 738 362
20 300–275–250 0.326 501 470 752 205
30 300–275–250 0.329 506 085 759 128
Crusher level swap number = 3
0 310–285–265–245 0.296 455 323 682 985
20 310–285–265–245 0.299 459 937 689 906
30 305–285–265–245 0.300 461 476 692 214

*Crusher level swap number = 0
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diesel consumption between the stationary crusher position
and changing the crusher position once during mine life is
172 284 litres, equivalent to 258 426 US$. Three crusher
position changes result in 0.299 km average haulage distance
and have a cash advantage of US$ 406 099 over a stationary
crusher position. 

At the decision-taking stage, selecting the optimum
location not only depends on the fuel consumption, but also
depends on the money to be spent on assembling and
reinstalling works for the crusher. There is also an indirect
cost for reinstallation, namely time cost that can be caused by
stopping aggregate production during the assembling period.

Results

In this study, a simple decision-taking process has been
introduced for selecting a crusher location for a company
working in the aggregate sector near Izmir, Turkey. Due to
public pressure, owners had started operating of a limestone
quarry that is 4 km away from the existing location and they
decided to move the crusher and screening plants to the new
pit area. Then a question arose about where that crusher
would be installed to minimize the haulage cost of the
limestone reserve. To answer this question, some
assumptions have been made by considering the company’s
previous working strategies. The main assumption is that
installing the crusher inside the quarry will minimize haulage
distances, but it will obstruct the utilization of the limestone
reserve. So moving the crusher plant to different locations on
a certain bench level is not considered. As the results show a
US$25 8426 difference overcomes the cost of reinstallating
the plant, so changing the plant location once over the life of
mine has been chosen. Operations are still being carried out
to prepare the first crusher base at level +295 and stock

piling space at level +275. The estimated life of mine is about
18 years if the reserve utilization is kept at the same level as
at present; hence it is planned to move the new crusher
position in 8 years to bench level +250. In this study different
upward haulage increasing factors have been utilized to take
equipment depreciation in to account for future years. There
are also detailed annual plans done to show the main access,
bench access to crusher feeder pocket and the geometry of
the limestone quarry over years. Access to the crusher and
transfers has been assured for maintenance as well as for
removal of the drive stations when the system is moved.
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Figure 5—Optimum crusher locations for all different crusher installation levels



<<
  /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




