
1 Introduction 
 
Tight sandstone gas reservoirs have become the focused 

field in the global unconventional natural gas exploration 
and tight sandstone gas output accounts for 75% of the 
unconventional gas output (Zou et al., 2013). In China, 
tight sandstone gas reserves and output account for a third 
of the whole country natural gas reserves and output (Zou 
et al., 2013). The Sulige gasfield is a typical gasfield with a 
large amount of tight sandstone gas reservoirs in China and 
the studies of its Upper Paleozoic tight sandstone gas 
reservoirs have made a great deal of progresses in the 
identification and evaluation of source rocks and reservoir 
rocks, and the analysis of gas reservoirs characteristics, etc. 
(Liu and Hao, 1996; Fu, 2001; Ma, 2004; Zhang et al., 
2009; Liu et al., 2013). However, the reservoir-forming 
mechanism in the Upper Paleozoic tight sandstone gas 
reservoirs is not clear because pressure-driven volume 
flow, as the most important way of forming gas reservoirs, 
is difficult for gas migration in tight sandstones due to its 
high capillary force and low driving forces (Wang, 2002; 
You et al., 2007; Gong et al., 2008; Zhu et al., 2009; Liu et 
al., 2013). Based on the study of geological conditions and 
gas reservoir characteristics,  we suggest that diffusion 
could be an important method of gas migration in tight 
sandstone  reservoirs.  Gas  diffusion  can  occur 
spontaneously so long as there is concentration difference 
even in the tight sandstones because the diameter of gas 
molecule is much smaller than that of pore and throat in the 
tight sandstones. Furthermore, diffusion has still been taken 
as  one  of  important  mechanism  of  gas  dissipation 
(Antonov, 1968; Stklyanin et al., 1968; Pandey et al., 1974; 
Thompson, 1979; Thomas, 1989; Krooss et al.,  1992; 
Krooss and Leythaeuser, 1996; Fang et al., 2001; Shuai et 
al., 2004; Liu et al., 2008). Gas diffusion in reservoirs has 
been mainly  studied in  the  measurement  of  diffusion 
coefficients, establishment of numerical diffusive models, 

calculation of diffusive amount, etc. (Antonov, 1954, 1964; 
Stklyanin and Litvinova, 1971; Leythaeuser et al., 1982; 
Krooss and Leythauser, 1988; Hao et al., 1993; Nelson and 
Simmons, 1995; Fang et al., 2001; Wang and Gao, 2005; 
Liu et al., 2012). However, there are still many aspects 
needed to be improved. At least we should know under 
what* geological conditions gas diffusion can become an 
alternative  mechanism  of  gas  accumulation  in  tight 
sandstone reservoirs. This paper provides some favourable 
geological conditions for gas diffusion in tight sandstone 
reservoirs of Sulige gasfield, Ordos Basin. 

 
2 Geological Setting 

 
The Ordos Basin is a large cratonic basin with an area of 

250,000 km2 in central  China and contains enormous 
natural gas resources, where five giant gasfields, Sulige 
gasfield,  Yulin  gasfield,  Wushenqi  gasfield,  Jingbian 
gasfield and Daniudi gasfield have been found. The most 
part of the basin dips gently to the west with an angle of less 
than 1° and undeveloped faults and folds (Ma, 2004; Xiao 
et al., 2005; Zhang et al., 2009).  

The  basin  can  be  divided into  six  structural  units, 
involving the Yimemg uplift, Weibei uplift, Western edge 
thrusting belt, Jinxi flexural fold belt, Tianhuan depression 
and Shanbei slope (Fig. 1). Sulige gasfield is located in the 
northwest of Shanbei slope and its exploration area is about 
2,000 km2. Sulige gasfield, as the biggest gasfield of China, 
has so far over 4000×108 m3 proven gas reserves. 

 
 3 Geological Conditions of Tight Sandstone 
Gas Accumulation by Diffusion 

 
3.1 Weak tectonic activities 

The conduit systems are usually poorly developed for the 
weak tectonic activities in the tight gas reservoirs, which 
makes the gas migration by Darcy flow difficult. However, 
diffusion can be considered to be an important reservoir-
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forming mechanism because the gas migration by diffusion 
does not depend on conduit systems. The Shanbei slop is 
characterized  by  the  weak  tectonic  activities  and 
undeveloped conduit systems (Ma, 2004; Xiao et al., 2005), 
which is necessary for  forming the gas reservoirs  by 
diffusion in the Shanbei slop. 

 
3.2 High geothermal field 

Diffusion coefficient, as a major factor controlling the 
diffusive rate, is strongly influenced by temperature. We 
measured the methane diffusion coefficient on different 
temperature and pressure in the tight sandstone of Sulige 
gasfield (Fig. 2). The results show that with the increasing 
temperature, diffusion coefficient increases exponentially, 
which has been certified by other authors (Krooss and 
Leythauser, 1988, Liu et al., 2012). Three thermal events 
occurred in the Ordos Basin and the intensive thermal event 
at  the  end  of  Early  Cretaceous  resulted  that  the 
paleotemperature gradient in that time (3.3-4.5 ℃/100m) 
was much higher than that at present (2.8 ℃/100m) (Ren, 
1995). Therefore, the gas diffusion coefficients at the end 
of Early Cretaceous were about ten times higher than that at 
present, which is good for gas diffusion in the Upper 
Paleozoic tight sandstone  reservoirs. 

 
3.3 Low porosity and permeability reservoir rocks 

The throat radius is fairly small in the low porosity and 

permeability reservoir rocks, resulting in high capillary 
resistance, which prevents the gas expulsion from source 
rocks and gas migration in reservoir rocks by Darcy flow. 
The Sulige gasfield reservoir rocks are dominated by low 
porosity (mainly in 2-6%) and low permeability (mainly in 
0.01-0.5 mD) sandstones (Fig. 3). The capillary resistance 
is higher than the driving forces of Darcy flow, which 
results that the diffusion can be an alternate reservoir-

 

Fig.1. Structural contour map for the base of Lower Permian 
Shanxi Formation in the Ordos Basin and the location of 
Sulige gasfield (modified from Zhang et al., 2006). 

 

Fig. 2. Plot of methane diffusion coefficient vs. temperature for 
the tight sandstone in Sulige gasfield, Ordos Basin. 

 

Fig. 3. Frequency of porosity and permeability of the tight 
sandstone in Sulige gasfield, Ordos Basin. 
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forming  mechanism in  the  Upper  Paleozoic  tight  gas 
reservoirs in the Ordos Basin. 

 
3.4 Favorable source-reservoir-cap rock assemblage 

The gas diffusion coefficient for sandstones is larger than 
that  for  mudstones  mainly  due  to  the  differences  of 
porosity, permeability and clay content between them, 
which indicates that the types of source-reservoir-cap rock 
assemblage could control the amount of gas diffusion in the 
reservoir rocks. There are two types of source-reservoir-cap 
rock assemblage in the Upper Paleozoic tight sandstone gas 
reservoirs: (a) reservoir rocks in source rocks, and (b) 
reservoir rocks directly overlying source rocks (Fig. 4). The 
first type is more favorable for forming the gas reservoirs 
by diffusion, since gases can diffuse into the sandstone lens 
of the source rocks from all directions. The second type is 
also a good assemblage because gases can diffuse into the 
reservoir  rocks  overlying  the  source  rocks  broadly. 
Furthermore, the thick mudstones of the Lower Permian 
Shangshihezi Formation with a stable distribution and 
excellent sealing ability can sharply reduce the amount of 
diffusive dissipation, which makes large amounts of gases 
accumulated in the reservoirs rocks due to the difference of 
diffusive volumes through the reservoir rocks and the cap 
rocks. 

 
4 Conclusions 
 

Diffusion is an important reservoir-forming mechanism 
in the Upper Paleozoic tight sandstone gas reservoirs in 
Sulige gasfield, Ordos Basin. The favorable geological 
conditions for gas accumulation by diffusion are weak 
tectonic activities, high geothermal field, low porosity and 
permeability reservoir rocks and favorable source-reservoir
-cap rock assemblage.  

Acknowledgements 
 

    This study was supported by the National Basic Research 
Program  of  China  (No.  2007CB209503)  and  Basic 
Research Program of RIPED. 

 
References 
Antonov, P.L., 1954. On the diffusion permeability of some 

claystones.  Sb  Geokhi  Met  Poisk  Nefti  I  Gaza:  Trudy 
NIIGGR, 39-55. 

Antonov, P.L., 1968. Some results of the research on molecular 
migration  of  hydrocarbon  gases  in  rocks.  Nedra:  Trudy 
VNIIYaGG, 132-154. 

Fang Dequan, Song Yan and Xia Xinyu, 2001. Natural gas 
diffusion model and diffusion computation in well Cai 25 
Bashan Group oil and gas reservoir. Science in China (Series 
D), 44 (3): 213-220. 

Fu Chengde, 2001. Research of the deep basin gas in the Ordos 
Basin. Beijing: Petroleum Industry Press, 1-243 (in Chinese). 

Gong Se, Peng PingAn, Shui Yanhua, Dai Jinxing and Zhang 
Wenzheng, 2008. Primary migration and secondary alteration 
of the Upper Paleozoic gas reservoir in Ordos Basin, China-
Application of fluid inclusion gases. Science in China (Series 
D), 51 (Supp.Ⅰ): 165-173. 

Hao Shisheng, Liu Guangdi and Huang Zhilong, 1993. Dynamic 
equilibrium model of migration and accumulation for natural 
gas  resource  evaluation.  Petroleum  Exploration  and 
Development, 20 (3): 16-21 (in Chinese). 

Krooss, B.M. and Leythaeuser, D., 1996. Molecular diffusion of 
light  hydrocarbons  in  sedimentary  rocks  and  its  role  in 
migration and dissipation of natural gas. In: Schumacher, D. 
and Abrams, M.A. (Eds), Hydrocarbon migration and its near-
surface expression. AAPG Hedberg research conference, 173-
183. 

Krooss,  B.M.  and  Leythauser,  D.,  1988.  Experimental 
measurements  of  the  diffusion  parameters  of  light 
hydrocarbons in water-saturated sedimentary rocks; Ⅱ, results 
and geochemical significance. Organic Geochemistry, 12 (2): 
91-108. 

Krooss, B.M., Leythaeuser, D. and Schaefer, R.G., 1992. The 
quantification of diffusive hydrocarbon losses through cap 

 Fig. 4. Types of source-reservoir-cap rock assemblage in Sulige gasfield, Ordos Basin. 



ACTA GEOLOGICA SINICA (English Edition)       Vol. 89   Supp.      June 2015 

225 

rocks of natural gas reservoirs-A reevaluation. AAPG Bulletin, 
76(3): 403-406. 

Leythaeuser, D., Schaefer, R.G. and Yükler, A., 1982. Role of 
diffusion  in  primary  migration  of  hydrocarbons.  AAPG 
Bulletin, 66(4): 408-429. 

Liu Guangdi, and Hao Shisheng, 1996. Modeling of generation 
and expulsion histories of Paleozoic source rock in Ordos 
region. Journal of the University of Petroleum, China, 20(1): 
13-18 (in Chinese). 

Liu Guangdi, Sun Mingliang, Lv Yanfang and Sun, Yonghe, 
2008. The effectiveness of natural gas accumulation in Kuche 
depression. Science in China (Series D), 51 (Suppl. II): 117-
125. 

Liu Guangdi, Sun Mingliang, Zhao Zhongying, Wang Xiaobo 
and Wu Shenghe, 2013. Characteristics and accumulation 
mechanism of tight sandstone gas reservoirs in the Upper 
Paleozoic, northern Ordos Basin, China. Petroleum Science, 
10(4): 442-449. 

Liu Guangdi, Zhao Zhongying, Sun Mingliang, Li Jian, Hu 
Guoyi and Wang Xiaobo, 2012. New ingights into natural gas 
diffusion coefficient  in rocks.  Petroleum Exploration and 
Development, 39(5): 597-604. 

Ma  Xinhua,  2004.  Exploration  experience  and  problem 
concerning deep basin gas in the Ordos Basin. Petroleum 
Science, 1(2): 62-68. 

Nelson, J.S. and Simmons, E.C., 1995. Diffusion of methane and 
ethane through the reservoir cap rock: implications for the 
timing and duration of catagenesis. AAPG Bulletin, 79(7): 
1064-1074. 

Pandey, G.N., Tek, M.R. and Katz, D.L., 1974. Diffusion of fluid 
through porous media with implications in petroleum geology. 
AAPG Bulletin, 58(2): 291-303. 

Ren Zhanli, 1995. Thermal history of Ordos Basin assessed by 
apatite fission track analysis. Acta Geophysica Sinica, 38(3): 
339-349 (in Chinese). 

Shuai Yanhua, Zou, Yanrong and Peng Ping’an, 2004. Kinetic 
modeling  the  effects  of  primary  migration,  diffusion  and 
waterwashing on upper Paleozoic coal-derived gas at  the 
center of Ordos Basin. Chinese Science Bulletin, 49(Suppl.): 
94-100. 

Stklyanin, Y.I. and Litvinova, V.N., 1971. On the parameters of 
methane diffusion through a water-saturated core. Geologija 
Nefti I Gaza, 15: 19-22. 

Stklyanin, Y.I., Breeva, T.F., Vasileeva, L.B., Domnina, N.A., 
Kotsonis, A.N., Kondratov, L.C., Antoshina, I.N., Zavyalova, 
L.M., Krishchenko, V.I. and Shlepova, A.I., 1968. Conditions, 

parameters and pathways of ascending natural gas migration 
from  oil  and  gas  source  beds  and  several  theoretical 
migrational models. Nedra: Trudy VNIIYaGG, 58-131. 

Thomas, M.M., 1989. Comments on calculation of diffusion 
coefficients from hydrocarbon concentration profiles in rocks. 
AAPG Bulletin, 73(6): 787-791. 

Thompson,  K.F.M.,  1979.  Light  hydrocarbons in  subsurface 
sediments. Geochemica et Cosmochimica Acta, 43(5): 657-
672. 

Wang Tao,  2002.  Deep basin gas fields in China.  Beijing: 
Petroleum Industry Press, 1-296 (in Chinese). 

Wang Wenguang and Gao Ning, 2005. Estimation of loss of gas 
diffusion  from source  rock in  Binbei  region.  Journal  of 
Daqing Petroleum Institute, 29(4): 1-3 (in Chinese). 

Xiao, X.M., Zhao, B.Q., Thu, Z.L., Song, Z.G. and Wilkins, 
R.W.T.,  2005.  Upper  Paleozoic  petroleum system,  Ordos 
Basin, China. Marine and Petroleum Geology, 22(8): 945-
963. 

You Huanzeng, Li Zhongdong, Li Liang, Hui kuanyang, Guo 
Min and Wang Zhen, 2007. Some problems in the research of 
low pressure anomaly in the Upper Paleozoic stratum in the 
Ordos basin.  Journal of Mineral Petrol,  27(2):  64-69 (in 
Chinese). 

Zhang Liuping, Bai Guoping, Luo Xiaorong, Ma Xinhua, Chen 
Mengjin, Wu Minghui and Yang Wenxiu, 2009. Diagenetic 
history of tight sandstones and gas entrapment in the Yulin 
gas field in the central area of the Ordos Basin, China. Marine 
and Petroleum Geology, 26(6): 974-989. 

Zhang, L.P., Bai, G.P., Luo, X.R., Ma, X.H., Chen, M.J., Wu, 
M.H. and Yang,  W.X.,  2009. Diagenetic history of tight 
sandstones and gas entrapment in the Yulin gas field in the 
central area of the Ordos Basin, China. Marine and Petroleum 
Geology, 26(6): 974-989. 

Zhang, L.P., Bai, G.P., Zhao, K.B. and Sun, C.Q., 2006. Restudy 
of  acid-extractable  hydrocarbon  data  from  surface 
geochemical survey in the Yimeng Uplift of the Ordos Basin, 
China:  Improvement  of  geochemical  prospecting  for 
hydrocarbons. Marine and Petroleum Geology, 23(5): 529-
542. 

Zhu Yangming, Wang Jibao, Liu Xinse and Zhang Wenzheng, 
2009. Origin and accumulation of natural gases in the Upper 
Paleozoic strata of the Ordos Basin in Central China. Acta 
Geologica Sinica, 83(1): 146-157. 

Zou  Caineng,  Tao  Shizhen  and  Hou  Lianhua,  2013. 
Unconventional  Petroleum  Geology.  Beijing:  Geological 
Publishing House, 19 (in Chinese). 



<<
  /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


