1V International Conference “Problems of Cybernetics and Informatics” (PCI'2012), September 12-14, 2012
www.pci2012.science.az/4/04.pdf

To the Problem of Mathematical Modeling of the Oil
Deposit Processes

Telman Aliev', Abbas Rzayev®, Gambar Guluyev’, Iltizam Yusifov®

“nstitute of Cybernetics of ANAS, Baku, Azerbaijan
*Shirvan Oil” Operating Company Limited, Shirvan, Azerbaijan
'telmancyber@rambler.ru, *abbas_r@mail.ru, *scb_06@mail.ru, *iltizam.yusifov@shirvanoil.com

Abstract— The approaches to improve the effectiveness of oil
field exploitation using mathematical models of the oil deposit
processes for forecast oil well debit are realized. It has been
shown that using formula Kolmogorov-Erofeev allowed to
receive more adequate model. On the base system analysis of the
oil deposit processes was carried out the selection and estimation
of important oil deposit parameters and indexes using on the
mathematical modeling.
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1. INTRODUCTION

One of the topical problems of oil extraction (OE) industry
is oil return (OR) increasing. It is known, that an OE
coefficient (K.) changes in the range 0.1<K.<0.7 in average
<0.5 [1]. One of the main cause of low OE is molecular surface
processes occurred on the oil-rock-water boundary [2, 3].
Availability hydrophobized sections in the stratum conditioned
by theirs direct contact with oil and consequently adsorption
surface active oil components (SAOC) on the stratum capillary
canals (SCC) surface. Comparison SCC radius values (r.) and
the thickness oil boundary layer (hg) and also taking into
consideration predominance in the stratum hydrophobing
surface (68-84%), it is possible to assume that considerable
part of the oil residual in the stratum there is in boundary-
connected stages [1, 4]. Therefore, without take into
consideration this factor the modern mathematical modeling
(MM) methods of the oil deposit (OD) and OE intensify (OR
increasing) using in the different subjects, in that number
existing in late stage exploitation is less successful.

IL.

Receiving adequate MM OD required system analysis of
the processes occurred in the OS and choosing important
parameters and index (CIPAI) including to the MM. The data
necessary for oil field exploitation: establishment regulation
and control OS regime and well exploitation. Therefore,
incorrect problem formulation bring numerous authors to that,
what every limited approximate small arbitrary fragments time
from the total exploitation processes of the OD period using
serious limits [5]. Consequently grounded selection and
estimation of importantly parameters and indexes of the OD
using system approach is one of the topical problems.
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III.

Taking into consideration mentioned above and specific
peculiarity  (physic-chemical and thermohydrodynamical)
characteristics of the OD on base system analysis unlike the
existing models in the paper carrying out CIPAI of OD. As a
results of the investigation by the structural and classification
scheme are shown in fig.,
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Figure 1. Oil field structural scheme.

where I, II, III are the relative water pumping, intermediate
filtration and oil well debit zones; SPSS is the stratum pressure
supporting section; MS is the measuring section; COPP is the
thermochemical oil preparation plant; WPP — the water
preparation plant;

ORS - the oil registration section; CW - the clearance
water; LFP - large petrol fraction; f; - the entrance indignant

Baku, Azerbaijan



1V International Conference “Problems of Cybernetics and Informatics” (PCI'2012), September 12-14, 2012
www.pci2012.science.az/4/04.pdf

quality parameters in which quantative for the demanded
frequencies determined by laboratories methods, in
particularly: f;, f> - the relative concentration oil and
mechanical admixture in the pumping water (PW); f;, f; - the

relative salts concentration and composition in the PW; z ;-

the OD stage parameters in which determined by indirect
methods using outlet measuring data in particularly: z;, z, - the
relative oil viscosity and density; z3, z, - the relative stratum
porosity and permobilities; z;s, z4 - the relative stratum and fluid
compressority coefficients; z; - the moistening rocks by PW; z8
- the colmatation coefficient; zy - the depelitisation coefficient;
z;9 - the absorption layer thickness; z;; - the stratum pressure

gradient; z;, - the capillary pressure; ¢, - the control

parameters in which measured directly in particularly; c;, ¢, -
the relative PW rate and pressure; c;, ¢, - the relative specific
surface active substance (SAS) rate and CO, rate; cs, ¢4, 7, Cs -
the relative microbiological, electrical, mechanical and

magnetically influence to the stratum; y - the outlet indexes

in which either measured directly or determined using MM in
particularly: y;, y,, y; - the relative stratum liquid, oil and water
well debit; y, - the gaseous factor; y; - the OE coefficient.

In the world practice of the oil extraction for determining
technological effectivity (TE) of the stratum ORI methods and
oil extraction intensification inclusive: thermal, gaseous,
chemical, physical, microbiological and hydrodynamical
influence, widely used differential and integrate form two-
three-four parametrical forcing out. Using this are makes
attempt evaluate TE of geology-technical measures (GTM)
prognosis extraction part oil stocks, evaluation water content in
the extraction product, compensation dynamics PW.

The search of engineering solution bring to the convenient
in practical view using Kolmogorov-Erofeev kinetical model
[S, 6], intended for prognosis problems in the case MM of the
OD:

4000, 0

A(t)=abt"™" )

where ﬂ(f )iA is the output rate oil stocks; a , b are the
relative approximate coefficients (a>0, >0); O, (t) is the

cumulative oil extraction for # moments.

As a result of solution (1) we have:

)

Time-raw main OD exploitation index current [Qk (t)] oil-

water mixture, oil and water choice curves is a clear examples
characterizing evaluation stratum system. That allowed to
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A.Shahverdiyev [6] show change OE at the time using
nonlinear evaluation equation:

~—~—

dO, (t

i a, Oy (t)—aHQ,f (t)

“4)

where a, > 0 is the OE increased coefficient;

a,, > 0 is the OE loss coefficient.

In the case analytical solution (4) for the initial condition

t=0, Qk(t)z 0, we have:

t
Q,a,e”

a;t *
a,—a;,0,+a, Qe 1

0,(t)= 5)

For using (1)-(3) one can valuated the coefficients a, b. For
this we can equate (1) and (3), also (2) and (4). In result we
have two system of equation:

Mef1-0,(t)]=a,0,(t)-a,,0;(¢) .

(6)
]_e—bt” — Qoalea,t = Bl(t) . (7)
a,—a; Q)+ a11Q()eu’t ( )
From the (7) we get:
ﬂ(t) _ a,0, (t)_ aqu2 (t) _ A(t) ®)

1-0,(¢)

where the a,, a,,, Qk(l‘), A(t) and B(t) values are

determined using processes identification MM (4) and (5) at
the # moment.

Substitute (8) to (2) we have:

p="0 ©)
at
If substitute (9) with (7) we have:
Alt)t Alr)t (10

“CU-B0)] mB (@)

If substitute (10) with (9) we get:
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b= (an

IV. CONCLUSION

And so finally according to the mentioned above it may be
concluded that we can use famous formulas for more
adequately predicted for the oil well debit change. In addition
in this paper are conducted system analysis of the OD
processes, selection and estimation important OD parameters
and indexes.

<IEEE

15

REFERENCES

Marchasin 1. Physico-chemical mechanic of oil stratum. Moscow,
Nedra, 1977, 214 p. (in Russian)

Telman Aliev, Gambar Guluyev, Abbas Rzayev, Intizam Yusifov.
Identification of nanotechnological processing in the oil deposit. The
third international conference ‘“Problems of Cybernetics and
Informatics”. September 6-8, 2010, Baku, Azerbaijan, Volume II, p. 92-
95.

Simkin E. Thermodynamic analysis of the wetting and temperature
effect on the relative permeability. Moscow, Oil industry work, 2010,
2010, Ne10, p. 136-139. (in Russian)

Rzayev Ab.H., Guluyev G., Yusifov I. Indirect method determining oil
well debit. News of AHTEI, Nel (77), Baku, Azerbaijan, 2012, p. 79-84.
Kolmoqorov A. To the theory cristalization of metals. News of SA
USSR, 1935, Ne5, p. 30-333. (in Russian)

Shahverdiev A. Unified method for calculation of geological-technical
measure efficiency. Moscow, Oil industry work, 2011, Ne5, p. 44-48. (in
Russian)

Baku, Azerbaijan




<<
  /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


