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Thermal power plants Nikola Tesla “A” and “B”
(TENTA and TENTB in the following text), located in
Obrenovac near Belgrade, use lignite coal with the
high ash content for the power production. The use of
coal with the high ash content leads to the increase of
environmental problems with gaseous emissions but
also with the disposal of ashes residues. The total
sizes of ashes/slag depots are 600 ha and 382 ha for
TENTA and TENTB respectively; active cassettes
have dimensions ~200ha and ~130ha.

In Figure 1 ellipses denote positions of two ash
deposits, sites TNTB and TNTA. The areas of both
ash disposal sites are separated in two parts, one
third is active, where fresh ash/sludge is disposed in
liquid form and two thirds are partly biologically re-
cultivated. Active cassettes of the disposal sites are
covered by rather large waste ponds, the sizes of vary
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ASH DUST CONCENTRATION IN THE
VICINITY OF THE ASH DISPOSAL SITE
DEPENDING ON THE SIZE OF THE POND
(“WATER MIRROR’)*

Thermal power plants Nikola Tesla "A” and ‘B” are large sources of ash from
their ashes/slag deposit sites. Total sizes of ashes/slag depots are 600ha and
382ha, with active cassettes having dimensions ~200 ha and ~130 ha. The ac-
tive cassettes of the disposal sites are covered by rather large waste ponds,
the sizes of vary depending on the working condition of a sluice system and on
meteorological conditions. Modeling of ash lifting was attempted using results
from the dust lifting research. The relation between sizes of ponds and air dust
concentration in the vicinity of ash disposal sites was analyzed. As expected,
greater sizes of dried disposal site surfaces in combination with stronger winds
gave greater dust emission and greater air dust concentration.

Key words: fly ash, dust,; ash disposal sites; thermal power plants “Niko-
la Tesla A and B’; size of ash disposal sites ponds.

depending on working condition of the sluice system
and on meteorological conditions. On average, about
50% of surfaces of active waste disposal sites are
covered with waste ponds. The waste ash, in liquid
configuration of 10 L water per kg of ash, is trans-
ported to the disposal sites by the use of conveyor
tubes. The sluice system consists of the nozzle net for
damping the active parts of disposal sites, but there
are situations when this system is not working for long
periods of time due to technical problems or if the air
is quite below freezing temperatures. The size of ponds
in such situations could be quite reduced.

The aim of the present study was to develop a
method for quantitative determination of dust lifting
from ash disposal sites and for quantitative deter-
mination of the air dust concentration depending on
the size of disposal site ponds. This algorithm could
be used for managing systems of damping ash dis-
posal sites and for maintaining the size of disposal
site ponds.

Lifting of the ash into the atmosphere and
corresponding air concentrations

The first step in modelling of the concentration
of ash in the air is parameterization of the lifting me-
chanism. Our approach was to use the parameteri-
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zation corresponding to the dust having the texture
closest to ash. The starting point was the literature on
dust lifting [1-4]. Several authors have pointed out
saltating (sandblasting) as the most important mecha-
nism for lifting dust aerosols to the atmosphere. The
similar idea is probably valid for ashes. If surfaces of
ashes and coal depots are sufficiently dry, /e, if sur-
faces of ashes/slag depots are not protected with the
pond, a strong wind is able to roll “greater” particles
(known as surface creep) or to lift some of them to the
distances up to approximately 1 m downwind (saltat-
ing particles). Saltating, sand-sized particles sand-
blast the surface and eject fine particles which remain
suspended in the air for a long period by air turbu-
lence and which can be transported to great distances
downwind. The mechanism is schematically shown in
Figure 2. The most common approach in its parame-
terization [1] is depicted by the following equation:

9=AL3u (iR -ih) ™

where: g is instantaneous horizontal (saltation) mass
flux (g cm™), A is unit less parameter (usually
assumed to be equal to 1), p is density of air (g cm™),
g is acceleration of gravity (cm s), v is wind shear
velocity (cm s™') and w+, is threshold shear velocity
(cms™).
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Figure 1. Calculating domain, 563.5 kmx32.5 km, and locations
of TNTA and TNTB ash disposal sites (ellipses).

The wind shear velocity ¢+ is related to wind
speed at height z under neutral condition (wind speed
greater or equal to 6ms™') by:

U(z)=Y m(Z‘D] @

k 20

where: U 2) wind speed at height z, kis von-Karman’s
constant (0.4), z is roughness height (cm), D is
displacement height (cm). The threshold shear
velocity, u#,, is the minimum friction wind speed assu-
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med to give dust emission; it is related to soil rough-
ness and soil characteristics.

Figure 2. Saltation of dust (saltation geology from Wikipedia, the
free encyclopedia htlp.//en.wikipedia.org/wiki/saltation_(geology),
accessed 15 March 2010).

Because of sandblasting by saltation-sized par-
ticles, vertical dust flux, F (g cm? s™), is linearly re-
lated to instantaneous horizontal (saltation) mass flux
g, Eq. (1), by a constant K (cm™) [1-5]:

F =Kg ©)

The value of Kis typically on order 10°-10° [5]
and it is strongly dependent on depots surface tex-
ture, crusting and moisture.

Numerical experiments

In order to calculate the lifting of the dust from
ash depots, dried surfaces of disposal sites were di-
vided into numerous numbers of smaller cells-dust
sources, characterized by its dimensions 100 mx100
m, coordinates and surface texture (parameters wx,
Zo, D and K). In Figures 3-10 this is depicted by the
grid overlaying the maps of the depots. Surface cha-
racteristics are the same in both the disposal sites.
Some other characteristics of ash disposal sites,
TNTA and TNTB, are presented in Table 1. The cal-
culating domain was 53.5 kmx32.5 km with dimen-
sions of network cells 100 mx100 m. The values of
parameters w+, = 0.29 cm/s, z, = 0.3 cm, D=1 mm
were taken from references [3-4]. From Eq. (2) and
with previous values of parameters, threshold wind
speed was calculated to U,(10) = 10.1 m/s. Several
sizes of dried surfaces were taken into consideration,
that is, active cassettes were covered with ponds of
different sizes and shapes. These variations of the
size of ponds from 0% of total disposal ash sites (no
presence of ponds) to 75% are given in Figures 3-10.

In the absence of the appropriate direct dust
concentration and meteorological measurements at
the site itself, we present the concentrations calcu-
lated using a Gaussian type model:
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Figure 3. Ash disposal site TNTA, dry 100% of
active area white painted ~130 ha.
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Figure 4. Ash disposal site TNTB, dry 100% of
active area white painted ~200 ha.
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Figure 5. Ash disposal site TNTA, dry 75% of
active area white painted; pond thick line edged.

where: dx,y,2) is air pollution concentration at grid
point (x,),2) - receptor (Wm®), yis lateral (crosswind)
distance from the plume axis (m), z is height of the
receptor above ground (m), Q is source strength
(kg/h), His effective height of source emission (m), o,
and o, are diffusion coefficients in y and z directions
(m), respectively, and v is average wind speed (m/s).
Source strength Qis described by:

Q=FS (5)

where: S is area of the source emission (m?). More
details about the dispersion model can be found else-
where [6-9].

The other parameter relevant for the amount of
dust in the air is wind speed, ¢, so in Fig. 11 we pre-
sent our results for different waste pond sizes and

Figure 6. Ash disposal site TNTB, dry 75% of
active area white painted; pond thick line edged.

different wind strengths. Parameter K was set to the
value of 10° cm™. Figure has 12 panels, with depots
size going downward while from left to right we have
winds with decrease in strength (wind strengths were
20.0 and 10.1 m s™). As it can be expected, a domi-
nant parameter in dust lifting is wind strength, due to
the nonlinear nature of Eq. (1). We see the decrease
in concentrations due to the decrease of the dry
areas, but it is close linear as one expects.

The last group of experiments is for different va-
lue of parameter K, which presumably measures,
among other factors, the wetness of the surface (Fig.
12). With the increase of its value to 10° cm™, we get
a visible increase in the order of concentrations, but
the qualitatively conclusions from the previous value
for K'stay.
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Figure 7. Ash disposal site TNTA, dry 50% of
active area white painted; pond thick line edged.
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Figure 8. Ash disposal site TNTB, dry 50% of
active area white painted; pond thick line edged.
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Figure 9. Ash disposal site TNTA, dry 25% of
active area white painted; pond thick line edged.

Table 1. Ash/slag disposal site TENTA and TENT B

Figure 10. Ash disposal site TNTB, dry 25% of
active area white painted; pond thick line edged.

Ash disposal sites

TNTB

Surface ~380 ha; active: ~130 ha ~600 ha; active: ~200 ha
Height ~18-25m ~29m
RESULTS with maximum dry area of the active cassette (100%

Several experiments were done for different wind
speed, different sizes of source areas and finally two
different values of parameter K. For larger values of
parameter A (10), lifted dust flux reached maximum
of 18164 ug m? s™, with the wind speed of 20 m s™
and 5668 and 52 pg m? s for the wind speed of 15
and 10 m s respectively. When we decreased the
value for K (10°) by order of magnitude, dust flux was
reduced by order of magnitude to 1816.4, 566.8 and
5.2 ug m?s™ for the same winds as before.

From the environmental point of view the most
adverse situation is: greater value of A (10°), strong
wind of 20 m/s with permanent wind direction and
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dry). These conditions will give maximum daily ave-
raged concentrations of 33000 pg m™ in the vicinity of
the source TNTB while further away concentration
reaches 1500 pug m™, (30 times overestimates dust
environment limit value 50 pg m?), see (Fig. 12a).
Such large values for K are appropriate in the case of
very fine dust, very dry and without crust that does
form when wet ash dries out and it is not appropriate
for real ash deposit sites.

More realistic is the situation for the lower value
of K(1O'6), after the ash dried, with 50% of the area
being dry and considered as the ash source. In that
case the wind of 20 m/s (very strong wind) will gene-
rate maximum daily dust concentrations of about 1500
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Figure 11. Air dust concentration for K = 100 ° and for various wind speeds vv (20, 15and 10.1m s ’) and for
various sizes of ash disposal site ponds (0%, 25%, 50% and 75% of a size of active cassette).

ng m™ in the vicinity of the source, while further away
that concentration reaches 150 pg m® (3 times
overestimates 24-hour limit value for the protection of
human health 50 ug m>), see (Fig. 11g). Note that
concentration isolines are closed around both TNTA
and TNTB power plants in both K values. This is the
result of the wind but also of the size of the source
areas. As we said before we did not consider the
shapes of various water mirrors since they are formed
in a random fashion depending on the amount of the
new ash, on the present state of dryness area and on

the speed of discharge from the conveyer tubes. The
wind direction was chosen as the one which is the
most adverse in creating pollution over the city of
Belgrade area. We have compared these results with
historical data of ash concentration measurements at
several sites and they agree quite well with ours for
some strong values of the wind speed. Unfortunately,
wind measurements were not available for those
locations except qualitative statements that wind was
very strong.
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Figure 12. Air dust concentration for K = 10° and for various wind speeds vv (20, 15" and 10.1 m s') and for
various sizes of ash disposal site ponds (0, 25, 50 and 75% of a size of active cassette).
CONCLUSION because the final results depend very much on the

Presented results confirmed expectations that
greater sizes of ash disposal site ponds restrain ne-
gative influences of ash disposal sites to their envi-
ronment. The most influential factor is the wind speed
if it is over threshold limit for dust lifting. For ash
disposal sites of TNTA and TNTB it is necessary to
investigate in details particle size distribution and sur-
face characteristics of disposal sites like roughness,

values of parameter K. The appropriate meteorolo-

and sizes of the pond

pheric dust dispersion
experiments and by u

threshold shear velocity and especially their texture
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gical measurements, continuous monitoring of shapes

s, are necessary to better un-

derstand the importance of appropriate maintaining
disposal sites ponds due to minimizing the environ-
mental problems with ash disposal sites of TNTA and
TNTB. At last, both models, dust lifing and atmos-

, have to be calibrated in field
sing measured values of dust
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concentrations in numerous points of monitoring net- [2]
work at representative locations of TNTA and TNTB.
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KONCENTRACIJA PRASINE U VAZDUHU U OKOLINI
DEPONIJA PEPELA U ZAVISNOSTI OD VELICINE
VODENOG POKRIVACA (,VODENOG OGLEDALA)

Deponije pepela i Sljake termoelektrana Nikola Tesla ,A“i ,B"u Obrenovcu, veliki su po-
tencijalni izvori zagadivanja okoline. Ukupne povrsine deponija su oko 600 i 382 ha, sa
povrsinama aktivnih kaseta ~200 ha i ~130 ha, respektivno. Aktivne kaste pepelista po-
krivene su jezerima otpadne vode, Cije se dimenzije menjaju, izmedu ostalog i u zavis-
nosti od rada sistema prskalica i od meteoroloskih uslova. Podizanje pepela sa deponija
dobijeno je matematickim modelima, koji se zasnivaju na istraZivanja podizanja prasine
sa tla. U radu je analiziran odnos izmedu velicine povrsine vodenih ogledala i koncentra-
cife prasine u vazduhu u okolini posmatranih deponija. Kao Sto se i ocekuje, vece po-
vrsine suvih delova deponija u kombinaciji sa vecim brzinama vetra, korespondiraju sa
podizanfem vecih koli¢ina pepela i vecim koncentracijama prasine u njihovoj okolini.

Kiljucne reci: leteci pepeo,; deponije pepela; termoelektrane ,Nikola Tesla A i B;
velicina vodenog pokrivaca pepelista.

249




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

  /CreateJDFFile false
  /Description <<

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

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


