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Faults are important elements in the production behaviour of hydrocarbon reservoirs. Recently, compartmentalisation of
deepwater reservoirs has become an important issue and faults have been identified as one of the key contributing
factors. Also, compartmentalisation was identified as a key strategic theme because it is considered to be an important
contributor to surprises encountered in recent development projects.

Faults are represented conventionally in production flow simulation models using transmissibility multipliers to capture
the fault rock properties. The transmissibility multiplier, single number between 0 and 1, is a function of all the physical
variables that combine to baffle flow between fault-offset cells. Whether hydrocarbons will flow at significant rates across
faults will influence well counts, well placement, and ultimate recovery.

In the context of fluid flow, the most important features of a fault are the throw, the fault thickness, the permeability
reduction inside the fault, and the increased entry pressure for the non-wetting phase. The transmissibility of the flow
connections across the fault is based purely on the geometry and the properties of the host rock. To get a geologically
consistent description of the effect of the fault on fluid flow, the thickness of the fault zone and the impact on permeability
and entry pressure are incorporated in consistent, systematic ways, in order to isolate their impacts on production
behaviour.

Accurate characterizations of the faults have yielded more realistic and more economic highly deviated and horizontal
wells across faults, robust field development plans with clear economic advantages, and successful history matches.
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During the 1990s, exploration for hydrocarbon reservoirs in deep-water basins resulted in the discovery of numerous
significant new fields (GoM, offshore Nigeria and Angola). Spurred by this activity, a great deal has been learned about
turbidite-dominated deep-water reservoirs. However, observations made during the development of these fields has
tested conventional wisdom and indicate there is much more to learn about deep-water depositional systems and
depositional controls on performance behavior. Early production and 4D seismic monitoring data from many of these
fields indicate heterogeneities near and below seismic resolution are common and are important controls on fluid flow.
The depositional processes responsible for the formation of these heterogeneities are poorly understood and therefore,
difficult to predict and to represent in geologic and reservoir simulation models.

One source of information bearing on the problem(s) comes from case studies of Quaternary systems. Detailed case
studies of the Congo, Var, Amazon and Corsican fans are here used to better understand and illustrate fundamental
geologic processes impacting reservoir characteristics. From these studies, significant progress has been made on a
variety of relevant topics including: channel sinuosity and lateral migration, channel-fill heterogeneities, confining levees
and terraces, channel-levee transition zones, channel avulsion processes and related deposits and distal, terminal lobe
deposits. These insights, when integrated with knowledge gleaned from 3D and 4D seismic images, well logs, cores and
production information from subsurface settings provide a process-based understanding of deep-water reservoirs and
their production performance.
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With long construction lead times, relatively short field life and the high cost of many deepwater field developments,
ongoing multidisciplinary integration is essential for development plan implementation and continuous improvement of
reservoir depletion plans. The phased development of the Zafiro Field provides an excellent example of how this can be
achieved and demonstrates the impact of multiple, hierarchies of reservoir heterogeneity and connectivity on fluid flow
over the productive life of a deepwater field.

The Zafiro Field, Equatorial Guinea, was discovered in 1995 and contains over 20 Pliocene age deepwater slope
channel complexes. The field was developed using a staged approach and includes both subsea and platform wells.
High-resolution 3D, 4D seismic log and pressure data from 100 reservoir penetrations, over 3500ft of conventional core
and 10 years of production data have been integrated to create very accurate geologic and reservoir simulation models.
In addition, staged development and continuous drilling has allowed the ongoing collection and integration of log and
pressure data from stacked reservoirs. This has helped evaluate well interference/conformance, identify reservoir baffles
and barriers, confirm relative permeability differences, and allowed differentiation of primary from secondary gas caps,
and perched water from zones swept by injection. When integrated with reservoir surveillance data, the high resolution
hierarchical seismic stratigraphic framework, combined with detailed depositional environment interpretation and 4D
seismic analysis has allowed a more complete understanding of the spatial and temporal changes in fluid saturation,
reservoir pressure and the movement of fluid contacts.
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An investigation of the fluid flow history of reservoir sandstones from a series of giant gas fields in the Browse Basin has
revealed significant changes in the palaeo-hydrology of the basin through time. Salinity measurements on aqueous
inclusions within diagenetic quartz document substantial changes in formation water salinity involving ingress of highly
saline waters that have become progressively diluted with time. Fluid inclusions with the highest palaeo-salinities
(>200,000 ppm) have the lowest trapping temperatures whilst inclusions with salinities that are closer to the current
formation waters (generally <20,000 ppm) have trapping temperatures that are similar to the current reservoir
temperature. These data imply that formation water salinity decreased throughout a period of continuously increasing
burial and temperature probably reflecting flow of the denser, more saline fluids into the deeper parts of the basin and
replenishment by waters of lower salinity.

Hydrocarbon charge consisted of an early oil charge, filling only the crestal parts of these structures before being
displaced or absorbed by a volumetrically more significant gas charge. A subset of fluid inclusion salinity measurements
collected on inclusions that contain both oil and formation water have a much narrower salinity range (25,000-35,000
ppm) than those that are purely water filled, but are more saline the current formation waters. These oil-water inclusions
have trapping temperatures that are consistent with trapping prior to the subsequent gas charge. The reservoirs complex
charge and fluid flow history has major implications for irreducible water salinity, the accurate estimation of Rw and
ultimately reserves.
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The Carboniferous-Cenozoic sedimentary sequence of the Netherlands North Sea contains a great variety of proven
hydrocarbon plays. Understanding of fluid flow behaviour of faults is of critical importance for the petroleum exploration,
appraisal and production. This paper provides results of an integrated study to assess the 3D permeability framework of
the North Sea area and focusses on the results with respect to the hydraulic role of major basin boundary fault systems.
Hydrodynamic methods were applied combining information from recently completed stratigraphic and structural maps,
studies of the sedimentological and tectonic development and burial history simulations, with pressure, temperature and
salinity data from 500 wells.

The Cenozoic sequence in the Netherlands unconformably covers nine Mesozoic Basins that rest on the Southern
Permian Basin, which in turn overlies the Variscan foreland Basin. The post-Variscan history has been influenced by the
older Variscan geological and structural configuration of the area. Many of the faults have been reactivated multiple times
and shaped the Mesozoic basinal structure. Present-day patterns of hydraulic head revealed that basin boundary fault
sytems may act as barriers for lateral flow and separate the pressure and flow systems in the basins from adjacent
platforms; in some areas flow is towards the fault zone suggesting it is also acting as a conduit for vertical flow. Trends of
relatively high salinity in different reservoirs along fault zones and temperature anomalies suggest that these fault zones
have acted as preferential flow zones.

We show examples of this dual hydraulic behaviour of basin boundary fault systems.




<<
  /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


