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Blast Effects Evaluation Using TNT Equivalent
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This paper shows blast parameters of high explosives commonly used in explosive ordnance of Serbian armed forces
regarding TNT equivalents. Primary blast wave parameters, overpressure, impulse and positive phase duration are
calculated using modified Sadovskiy equations and the modified K-B equation. TNT equivalents of the observed
explosives are determined using thermochemical calculations based on BKW EOS parameters. The calculated blast
wave parameters show significant influence of used explosives concerning the TNT equivalent.
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Introduction

FTER the detonation occurs, the ambient pressure
increases almost instantaneously and promptly begins
to decay, forming a nearly triangular overpressure pulse.
The peak pressure is called the peak positive overpressure.
It represents the pressure seen at a point in space when the
shock wave is unimpeded in its motion. The duration of the
positive overpressure is called the positive phase. The peak
overpressure and positive phase duration determine the
specific impulse of the blast wave. All three blast wave
parameters influence the property damage and injury that the
blast wave can cause. All parameters need to be specified as
some materials can resist rapid high level blast, but will fail
as the duration is extended. Also, there exists a negative
phase that succeeds the positive phase with its negative
pressure (suction), negative phase duration and the specific
impulse. These parameters are six main blast wave
parameters. In addition, there are secondary blast parameters
which can be determined from the primary blast wave
parameters. These are: peak reflected pressure, peak dynamic
pressure, shock front velocity, blast wave length, etc. [1].
The well-known Sadovskiy equations are used for blast
parameters determination (overpressure, positive phase
duration and impulse). Only the first equation, for blast
pressure determination, is modified according to the
experimental work [2, 3].

q1/3 q2/3 q
APy =1.027 —+4.36"—+14 (bar) @)
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Where q is the explosive mass in kg and r is the distance
inm.
The modified Kingery-Bulmash

(K-B) equation

9 Military Academy, Pavla Jurisi¢a Sturma 33, 11000 Belgrade, SERBIA

(modified by the US DoD) for blast pressure and impulse
determination using scaled distance is shown in eq.(4) [4].

PI= exp(A+ BINZ+C(InZ)? +D(InZ)3 +E(In 2)4) @)

Where pressure is in kPa, impulse in Pa-s/kg'?, Z is in
m/kg*® and A, B, C, D and E empirical coefficients.

Using these equations for TNT charges shows good
correlation comparing to experimental data [3]. But for
other explosives they must be modified using the TNT
equivalent obtained through thermochemical calculations
based on BKW EOS [5, 6]. The thermochemical calculation
of TNT equivalents offers possibility of obtaining very
reliable values of detonation characteristics without
extensive experimental work.

Determination of TNT equivalent of observed
explosives

The proposed method for obtaining TNT equivalents is
based on equation (5) and shows a very good correlation
comparing to experimental data [3].

o (P+4€O.9) )

Where ® is sign for a TNT equivalent and P is
detonation pressure in GPa.

The values of TNT equivalents of CHNO type high
explosives (HE) mainly represented in Serbian armed
forces using eq. (5) are given in the Table 1.

Table 1. TNT equivalents of observed CHNO type (HE)

Density Detonation pressure TNT
Explosive calc. equivalent
P p [gfem’] P (6] e
TNT 1.60 19.13 1
Cyclotol 50/50 1.68 25.93 1.17
Cyclotol 60/40 1.70 26.59 1.19
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Octol 90/10 1.81 33.85 1.37
FH 5* 1.65 27.80 1.22
FO 3** 1.78 32.97 1.35

PPE-01*** 1.50 24.25 1.13

Remarks: *  Phlegmatized RDX
** Phlegmatized HMX
*** Plastic explosive based on PETN and polyurethane binder

Blast effects

Blast effects of blast wave parameters are well
documented and subsequent calculations can be compared
to them pointing out that even a small increase in blast
wave parameters can generate more severe damage to
personnel and structures.

Typical explosive ordnance containing CHNO HE in
Serbian armed forces are shown in Table 2 [7].

Table 2. Typical explosive ordnance containing observed HE

i . M f HE
Explosive ordnance Explosive charge as(skg)
MINE, AT TMRP-6 TNT 520

PROJ, 122 mm HE M76
RCKT, 90 mm HEAT M79

Cyclotol 50/50 3.53
Cyclotol 60/40 0.75

PROJ, 125 mm HEAT BK-14M Octol 90/10 1.85
PROJ, 125 mm HEAT M88 FH5 1.75
RCKT WHD, 9M37M FO3 2.60
CHG, Demolition block PEP-500 PPE-01 0.50

As an example, for further calculations, a mass of 5 kg
of explosive charge was taken, though equations and
calculations are applicable for any mass. Positive phase
blast wave parameters for the observed explosives can be
determined using modified Sadovskiy equations taking into
account TNT equivalent [3, 8].

1/3 2/3
Apn =1.02(®qr) 2436001, )
r r
r=1.28/0qr @)
2/3
1 = 200(%%) ®

e
Where k; = 1.02, k, = 4.36, and ks = 14 are the
coefficients for TNT, as well as 1.2 and 200 in subsequent

the impulse do not depend entirely upon it like overpressure
in Sadovskiy equations. The results of these calculations are
presented in Tables 4-6.

Table 4. Calculated blast wave overpressure (bar) for the observed
explosives

Explosives r (m)
5 7.5 10 15 20
TNT 142 | 063 | 0.37 | 0.19 0.1278

Cyclotol 50/50 159 | 069 | 041 | 0.21 0.1375
Cyclotol 60/40 161 | 070 | 041 | 0.21 0.1386

Octol 90/10 178 | 0.77 | 045 | 0.23 0.1482
FH5 164 | 071 | 042 0.21 0.1402
FO 3 176 | 0.76 | 0.44 | 0.23 0.1471

PPE-01 155 | 068 | 040 | 0.21 0.1353

Table 5. Calculated positive phase duration (ms) for the observed
explosives

Explosives r(m)
5 7.5 10 15 20
TNT 351 | 430 | 496 | 6.08 | 7.02

Cyclotol 50/50 360 | 441 | 509 | 624 | 7.20
Cyclotol 60/40 361 | 442 | 511 | 6.26 | 7.22

Octol 90/10 370 | 453 | 523 | 641 | 7.40
FH5 363 | 444 | 513 | 628 | 7.25
FO3 369 | 452 | 522 | 639 | 7.38

PPE-01 358 | 439 | 506 | 620 | 7.16

Table 6. Calculated blast wave impulse (Pas) for the observed explosives

Explosives r(m)
5 7.5 10 15 20
TNT 117 78 58 39 29
Cyclotol 50/50 130 87 65 43 32
Cyclotol 60/40 131 88 66 44 33
Octol 90/10 144 96 72 48 36
FH S 134 89 67 45 33
FO3 143 95 71 48 36
PPE-01 127 85 63 42 32

Using the modified K-B equation and taking into
account TNT equivalent, the calculated pressure and the
impulse regarding the scaled distance is shown in Table 7.

Table 7. Calculated blast wave pressure (kPa) and impulse (Pas/kg®) for
the observed explosives using the K-B equation

equations. The calculated coefficients for other observed el Z (m/kg*)

explosives are given in Table 3. 2 292 | 439 | 585 | 877 | 1170
N ) ) NT p| 122 | 546 | 332 | 179 | 121
Table 3. Calculated coefficients for Sadovskiy equations 0 047 66.7 51.4 350 26.7
7 Apn 137 | 602 | 362 | 193 | 129

Explosive d T I Cyclotol 50/50 |
kg ko ks I | 989 | 69.9 | 539 | 369 | 281
TNT 1.02 | 4.36 14 1.2 | 200 139 | 60.8 | 365 | 194 | 130

Cyclotol 60/40 |2
Cyclotol 50/50 107 | 484 | 1638 | 123 | 222 I | 993 | 703 | 542 | 371 | 282
Cyclotol 60/40 1.08 | 490 | 16.66 | 124 | 225 Octol 90/10 p| 154 | 665 | 395 | 208 | 139
Octol 90/10 113 | 538 | 19.18 | 126 | 247 I | 103 | 732 | 566 | 388 | 295
FH5 1.09 | 498 | 17.08 | 124 | 228 FHS p| 141 | 618 | 370 | 197 | 132
FO3 113 | 533 | 1890 | 126 | 244 I T 100 | 708 | 526 | 374 | 285
PPE-01 106 | 473 | 1582 | 122 | 217 o3 o | 152 | 659 | 392 | 207 | 138
Using 5 kg of high explosive not considering the I | 103 | 729 | 563 | 386 | 294
influence of confinement and reflected shock waves, the PPE-01 p | 183 | 589 | 355 | 189 | 127
positive blast wave parameters have been calculated at | | 979 | 692 | 534 | 365 | 278

distances of 5, 7.5, 10, 15 and 20 m, due to the correlation
with the experimental work [3]. A scaled distance could not
be used due to the fact that the positive phase duration and

Due to simple comparison between the data obtained
using Sadovskiy and K-B equations, the pressure calculated
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via the K-B equation divided by 100 gives a value in bar,
and the impulse multiplied by the cubic root of the
explosive charge mass (in this example by 1.71) gives a
value in Pas.

The comparison between the blast wave overpressure
values of the observed explosives calculated using
Sadovskiy equation and TNT shows that the increase is
significant and it is shown in Table 8.

Table 8. Increase of the blast wave overpressure values of the observed
explosives in relation to TNT in %

Explosives ()
5 10
Cyclotol 50/50 12.0 9.5
Cyclotol 60/40 13.4 10.6
Octol 90/10 257 216
FH5 155 135
FO 3 24.0 19.0
PPE-01 9.20 7.30

For the positive phase duration and the blast wave
impulse calculated using Sadovskiy equations the increase
in values does not depend on distance. Tables 9 and 10
show the increased values in %.

Table 9. Increase of the positive phase duration values of the observed
explosives in relation to TNT in %

: Increase

Explosives %

Cyclotol 50/50 2.65

Cyclotol 60/40 2.94

Octol 90/10 5.39

FH5 3.37

FO 3 5.13

PPE-01 2.06

Table 10. Increase of the blast wave impulse values of the observed
explosives in relation to TNT in %

Increase

Explosives %
Cyclotol 50/50 11.03
Cyclotol 60/40 12.30

Octol 90/10 23.35

FH5 14.18
FO 3 22.15
PPE-01 8.489

The comparison between the blast wave overpressure
and impulse values of the observed explosives calculated
using the modified K-B equation and TNT shows the
increase in values shown in Table 11.

Table 11. Increase of the blast wave overpressure and the impulse values
of the observed explosives in relation to TNT using the K-B equation in %

Explosives Z (m/kg™)
2.92 5.85
12.0 9.05

Cyclotol 50/50 |-P

yeoe | 4.40 4.93
P 13.4 10.1
Cyclotol 60/40 I 83 =i
Octol 90/10  |.P 25.8 19.2
[ 8.96 10.1
p 155 11.6
FH5 : s 1Lo
p 24.4 18.2
FO3 : 22 182
. p 9.21 6.96
PPE-01 | Sa1 o3

Conclusion

Difficulties in obtaining values of TNT equivalent
through experimental methods exist because extensive
experimental research is often required. Using a method
based on thermochemical calculations TNT equivalent can
be obtained in a quite simple, but reliable and accurate
manner. The method presented in this paper shows
differences between the blast wave parameters calculated
taking into account TNT equivalent, which are significant
and of the utmost importance regarding ammunition and
explosive safety issues.

It has been shown that the increase in blast wave
overpressure values using a modified Sadovskiy equation is
higher at smaller distances especially for Octol where the
increase at 5 m distance is 25.7%, and at the 100 m distance
is 12%. In reality, due to reflected shock waves, the
increase can be a great deal higher. The reflected shock
waves actually increase the values of positive phase
duration and the blast wave impulse as well, contrary to
confinement which has the opposite influence. Neither of
these influences was considered during these calculations
and they are going to be a part of future work.

The increase in the positive phase duration is rather low,
only 2.06-5.39%, but is significant because it directly
causes the increase in blast wave impulse values which are,
as it is showed, between 8.489 and 23.35% (at 5 m),
calculated using a modified Sadovskiy equation.

The comparison between the values calculated via the
modified K-B and the modified Sadovskiy equation shows
significant differences, but relative increase is very similar
regarding the blast wave pressure. The blast wave impulse
values calculated using different equations show different
trends and dissimilar values. The increase in the blast wave
pressure values is between 9.21 and 25.8% (at 5 m), and in
the blast wave impulse values is between 3.41 and 8.96%
(at 5 m).
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Ocena rusSeceg dejstva primenom TNT ekvivalenta

U ovom radu su date razlike izmedu vrednosti parametara udarnog talasa kod eksplozivnih materija koje su
uglavnom zastupljene u ubojnim sredstvima srpskih oruzanih snaga. Osnovni parametri udarnog talasa, nadpritisak,
impuls i trajanje pozitivne faze su izracunati koriséenjem modifikovanih jednacina Sadovskog i modifikovane K-B
jednacine uzimajuéi u obzir TNT ekvivalent. TNT ekvivalent posmatranih eksplozivnih materija je odreden pomoéu
termohemijskih proraéuna zasnovanih na parametrima jednaéina stanja po BKW. Izraéunati parametri udarnog
talasa pokazuju da postoji zna¢ajan uticaj vrste eksplozivne materije, uzimajuéi u obzir TNT ekvivalent.

Kljucéne reci: eksplozivne materije, fizika eksplozije, udarni talas, ruSeée dejstvo, termohemijski prora¢un, TNT
ekvivalent, jednaéina stanja, jedna¢ina Sadovskog.

Ouenka B3pbIBYATOrO AecTBus npu npumenenuu THT-
IKBHBAJICHTA

OcHOBHOE HaMepeHMe JTOoH padoThl NMOKa3aTh Pa3sHHIbLI MeKIy 3HAYEHHSIMH NAPAMETPOB YAAPHOW BOJHBI Y
B3PBIBYATBIX BeLIECTB, KOTOpble B OCHOBHOM HAaXOASITCSi B YNOTpeOJeHHH B 00eBbIX CpeICTBaX CepoCKHX
Boopyxénnpix Cui. I'TaBHbIe apaMeTphbl yAapHOi BOJIHBI, H30BITOUHOE JaBJIeHHe, HMITYJILC U MPOAOJLKATEIBHOCTE
MOJIOKUTEIbHOH ¢(a3bl BbIYHCAEHBI NPH MNOAb30BAHHU MOAMGHIMPOBAHHBIX ypaBHeHuii CagoBckoro u
moaupummuposanHoro K-b ypaBHenusi yuurtbiBasi THT-3xBuBajent. THT-3xBHBaJeHT paccMaTpuBaeMbIX
B3PBIBYATHIX BeIeCTB ONpedeJIéH NPH MOMOLIM TEePMOXHMHYECKHX pPAacuyéToB 000CHOBAHBIX HAa MapaMeTpax
ypaBHeHuii coctosinuss mo BKW. BblumnciieHHble napaMeTpbl YJapHOii BOJIHBI YKa3bIBalOT, 4YTO CYILeCTBYyeT
3HAYHTEIbHOE BJIMSIHHE THIA B3PLIBYATOr0 BemecTBa yuntoiBasg THT-okBuBaIeHT.

Karouesvie caosa: B3pbiBuaTbie BeliecTsa, (puznka B3pbiBa, CKa40K YILUIOTHeHHsi (yaapHasi BOJIHA), B3pbIBYATOE
neiicTBue, Tepmoxumuyeckuii pacuér, THT-3xkBuBa/IeHT, ypaBHeHHe cOCTOSIHUS, ypaBHeHHe CaloBCKOrO.

L ’évaluation du souffle a I’aide de I’équivalent TNT

L’intention principale de ce papier est de présenter les différences existantes parmi les valeurs des parameétres chez
I’onde de choc pour les matiéres explosives qui sont représentées dans les moyens de combats des Forces armées de
Serbie. Les parametres principaux de I’onde de choc — surpression, impulsion et la durée de la phase positive — ont
été calculés au moyen des équations modifiées de Sadovski ainsi que a I’aide des équations modifiées K-B ,
considérant TNT équivalent aussi. L’équivalent TNT des matieres explosives étudiées a été déterminé par les calculs
thermochimiques basés sur les parametres des équations de I’état selon BKW. Les parametres de I’onde de choc
calculés démontrent qu’il existe une influence signifiante des matieres explosives utilisées considérant I’équivalent
TNT.

Mots clés: matiéres explosives, physique de I’explosion, onde de choc, effet brisant, calcul thermochimique, équivalent
TNT, équation d’état,équation de Sadovski.




<<
  /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


