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Beepenune

Hanbonbluve TpYyaHOCTV NMpu Co3aaHMN
MMOPOANHAMUHECKMX MOOENEN MNacTOB CBA3aHbI C
onpefeneHnemM NPouna BEPTUKASIBHOIO pacnpeneneHms
MPOHNLIREMOCTU B CKBaXKNHAX. VI3BECTHbIE METOAD!
MaKpPOMAaCLLTAObHOro (MOVHTEPBAbHOrO) ONPEeasNeHNs
MPOHNLIAREMOCTY — OnpoboBaHme NnacTa UcnbiTatenem

Ha kabene, oLeHKa No AaHHbIM re0U3NHECKIMX
ncenenoBaHuii ckBaxkiH (MC), npetanbHasa
PacXodOMETPUS — AAKOT CKOPEEe OTHOCUTESBbHYIHO,

4YemM abCoMOTHYHO MHopMaLwto [1]. ST meTodpl
MO3BOSIAIOT OMNPENENUTb, KaKoW NHTEPBa MeeT
B0nbLLYIO MPOHMLIAEMOCTb, & Kakom — MeHbLLyto. OaHaKo
KONMYECTBEHHbIE OLIEHKN, MOJTyHaeMble C UX MOMOLLHO,
SABNAOTCS BeCbMa NMPUOBIIKEHHBIMA U, YTO camoe
rNaBHOe, NIOXO COMNacyrtoTcsl C MeramacLUTabHbIMK, T.e.
CpenHVMN MO paspesy nnacTta oLeHKaMm NPOHNLIREMOCTH,
noy4aeMbIMM C MOMOLLIBIO TAPOAMHAMNHECKMX
ncenegosaHuii ckeaxkuH (FAOVIC) nnm No gaHHbIM ee
HOpPMaUIbHOW aKernyaTaumn. MpnynHel ST NPoBem
noapobHo obeyxgatoTed B paboTe [1]. B cnyyae
Hanbonee PacnpPoOCTPaHEHHOrO NCTOYHMKA NHOPMALIMK
— reoU3N4ECKNX NCCNENOBaHUI CKBaXXMH — OHU
CBsi3aHbl C TeMm, 4To MeToabl [IC no cBoen dhuanyeckom
CYLLIHOCTW Oar0T BOSMOXXHOCTb OMNPefennTbs 06 beMHbIE
napameTpbl (MOPUCTOCTb, HACBILLEHHOCTb), HO He
OMHaMn4eckme (MPOHNLAEMOCTb). IMAUPUHECKME
3aBUCKMOCTU TUMNa NOPUCTOCTb — MPOHULIAEMOCTb

nnm 6051ee CroXKHble anrOpPUTMbl (MHOXKECTBEHHbIE
PErPeccUn, HEMPOHHbIE CETN), CBA3bIBAIOLLNE
MPOHNLAEMOCTb C n3MepsaeMbIMn Mo pesynbTatam [VIC
06BbEMHbIMKY XapakTepUCTUKaMK, OA0T KOMNYECTBEHHbIE
OLIEHKM C BOMBLLOM NOrPEeLLUHOCTBIO.
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Introduction

Many major problems in the simulation of the hydrodynamic
models of oil reserves are connected with profile
estimations of the vertical distribution of permeability in
drill-holes. Known methods of macro-scale (selective flow)
permeability testing — drill-stem testing - estimation on

the basis of Geophysical Drill-Hole Logging (GDHL) and
detailed flow measurements provide more relative rather
than absolute information [1]. These methods allow the
estimation of the intervals with maximum and minimum
permeability. However, quantitative estimates, obtained

on the basis of these methods, are rather rough and,

what is more important, they are not compatible with the
mega-scale, that is average permeability estimates along
the reservoir section, obtained with the help of Dril-Hole
Hydrodynamic Research (DHHDR) or on the basis of the
data obtained during normal operation of the drill-hole.
The reasons for these problems are discussed in detail in
the study [1]. When there is a more widespread source

of information, such as Geophysical Drill-Hole Logging
(GDHL), these problems are due to the fact that GDHL
provides data for estimating the volumetric measures,
such as porosity and saturation, but not the dynamic
measures, such as permeability. Empirical formulae,
depending on porosity and permeability factors or more
complex algorithms (multiple regressions, neural networks),
connecting permeability with the volumetric characteristics,
and measured based on the results of GDHL, provide of
low accuracy estimates.

Notwithstanding the above problems, the existing methods
of selective flow permeability estimation, in particular
methods based on GDHL, are extremely useful, due to their
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WELL LOGGING H

HecMoTpst Ha ykasaHHble NpoGiemMsl, CyLLIECTBYHOLLIME
METOObl MONHTEPBABHOM OLIEHKM MPOHNLIAEMOCT

(B 4acTHOCTW, METOAbI, OCHOBaHHbIE Ha AaHHbIX [VIC)
BECbMa MOME3HbI, MOCKOSbKY OHM BbINOHAKT OYEHb
Ba>XKHYIO (DYHKUMIO KOMMapartopa, T.€. MHCTPYMeHTa 4715
CPaBHEHNS 1 PaHXNPOBaHUS Pa3NHHbIX MHTEPBAIOB MO
NPOHMLIAEMOCTMW.

[nsi nOCTPOEHNS KOMNMYECTBEHHO aaeKBaTHOMO NPOMUNA
BEPTUKAIIBHOIO PacnpeaeneHns MpOHULAEMOCTH
HEOBXOAVMO PELLNTL 3aaady UHTErPUPOBaHVIA B €QMHYIO
MOZJESNb Pa3HOPOAHBLIX AaHHbBIX, MOMYHEHHBIX OT PadnyHbIX
NCTOYHNKOB MHpOpMaLIMn (aHanM3 KepHa, UCrbITaHmne
nnacToB, pacxopometpus, [IC) npu namepeHnsx Ha
PasNYHbIX (Makpo- 1 Mera-) mactadax [1]. Mpn sTom
ClenyeT y4nTbiBaTb CrieaytoLve hakTopbl.

Pasznmyme ycnoBum namepeHu. AHanM3 KepHa
BbIMOJSIHAETCH B 1AaB0OPATOPHBIX YCIOBUSAX MOCTE
cneuviansHoM 0bpaboTkm 0bpPasLIOB, YTO NPUBOAUT K
CYLLIECTBEHHOMY OTKJIOHEHWIO N3MEPEHHBIX B TabopaTtopum
3HaAYEHU MPOHNLIAEMOCTI OT MPOHULIAEMOCTY MacTa

B €CTECTBEHHbIX YCOBUSAX. KpoMe Toro, o KepHy
onpenensaeTcs abCcontoTHasA MPOHNLAEMOCTb, B TO BPEMS
Kak onpoboBaHNE NiacTa UM UHTEpnpeTaums AaHHbIX
ANC paeT 3Ha4eHUst ahhEKTVNBHOM MPOHNLIAEMOCTN,
COOTBETCTBYIOLLEN HEKOTOPOW peanbHOM HACHILLIEHHOCTY
nnacra.

HeobxoammocTs kammbpOBKM OLIEHOK MPOHULIAEMOCTH,
rosy4eHHbIX o gaHHbIM [VIC. Tlpn KOMMNEKCMpPOBaHUN
MakpomacLTabHbix (Mo MIC) n meramacLuTabHbIX (Mo
[[ANC) oLUeHOK MPOHMLIAEMOCTM B paMKax eamHOM
MOAEeM HeOOXOAMMO JOBUTLCA TOrO, YTOObLI AN KaXKA0M
CKBaKVHbI CPEAHSS MO TOMLLMHE NacTa NPOHULIAEMOCTb,
onpeneneHHas no gaHHbiM VIC, 6bina paBHa cpegHen
MO TOSILLMHE MacTa MPOHNLAEMOCTW, ONpeaesieHHOM

no pesynbtatam [[AVIC nnv no gaHHbIM HOPMaTbHON
aKcnyaTaumn CKBaxKNH. OBbI4HO BbINOHEHNE 3TOMO
YCNOBUST OBECTIEHMBAETCS YMHOXKEHMEM 3HAYEHI
MPOHNLIREMOCT, MOJTyHeHHbIX MO AaHHbIM [VC, Ha
HEKOTOPbIV MOMPaBO4HbIN KOSRPULIMEHT, €ANHbIA

07191 BCEX MHTEPBAJIOB MacTa B CKBXKMHE U 419 BCEX
CKBaVKVH, HAXOOALLMXCHA B CXOOHbIX MEOSIOMHECKNX
ycnoBusix [1]. Takim 06pa3om, 3Ha4eHNst cpeaHen
MPOHULIAEMOCTH, ONpeaeneHHble Mo gaHHbiM I'OVIC nnn
HOPMaUIbHOW 3KCMyaTaLmmn, NPU3HAOTCS 3TaIOHOM, C
MOMOLLbHO KOTOPOrO KanmbpyroTest AaHHble [C.

KoppeKT1poBKa 3HA4YEHNI MPOHMLIAEMOCTU MyTEeM
YMHOXEHWS Hal NMOMPAaBOYHbIN KO3MMDULIMEHT NO3BOSAET
OOBUTLCS XOPOLLIEro COOTBETCTBUS PaCHETHOM
NPOV3BOONTENBHOCTN CKBaXKMHBI pearibHon. OaHaKo
OOHOBPEMEHHO PELLINTL TaKMM XKe CNoCcoO0M 1 3aaady
aEeKBaTHOIO OMUCAHUSA XapPaKTEPUCTUK BbITECHEHNA
He T N3 NnacTa (HanprYMep, KOPPEKTHOMO pacyeTa
JNHAMNKL 0B6BOOHEHNST MPOAYKLIMNA CKBAXKMHbI)
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comparative function; that is a comparative instrument for
the comparison and ranking of various intervals/flows on
the basis of their permeability.

To construct an adequate, quantitative profile of the vertical
distribution of permeability, it is necessary to work out a
solution for the integration of various data, obtained from
different information sources (well-core analysis, reservoir
test, flow measurements and GDHL) into a single model
when measuring on various (macro and mega) scales [1].
This being said, it is necessary to take into account the
following factors:

Differences in the measuring conditions. Core analysis

is carried out in a laboratory environment after special
treatment of the samples, resulting in significant deviations
between the permeability parameters measured in the
laboratory and the permeability in the “in-situ” environment.
Furthermore, the absolute permeability is estimated on
the basis of the core, whereas the reservoir test or the
interpretation of the Drill-Hole Hydrodynamic Research
(DHHDR) data provide the parameters for effective
permeability, corresponding to the actual saturation of the
reservoir.

Calibration test rqguirments of permeability estimates
obtained from GDHL data. When integrating macro-scale
(GDHL) and mega-scale (DHHDR) permeability estimates
in one single model, it is necessary to ensure that for each
drill-hole the average permeability through the reservoir
thickness, estimated on the basis of GDHL data, is

equal to the average permeability through the reservoir
thickness, estimated on the basis of DHHDR results or on
the basis of normal drill hole operation data. Usually, these
conditions are ensured by multiplication of the permeability
parameters, obtained on the basis of GDHL data, by a
certain correction factor, which is the same for all levels of
the reservoir in the drill-hole and for all drill-holes, located in
similar geological conditions [1].

Thus, the parameters of average permeability, estimated
on the basis of DHHDR data or normal operations, are
acknowledged as a reference for the calibration of GDHL data.

The correction of permeability parameters by the
multiplication of the correction factor achieves a close
alignment of the estimated drill-hole production rate with
the actual production rate. However, it is not possible
to simultaneously work out an adequate description of
oil production rates using the same method (e.g. a well
defined dynamic analysis of the flow of water in drill-hole
production).

The reasons can be understood if we examine the
permeability of the reservoir levels as a random value,
the distribution function of which (normally assumed as
logarithmically normal) depends on two parameters — the
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B TEOPUSNYECKUE NCCITEOOBAHNA CKBAXNH

HEBOSMOXXHO. [pUHMHY STOMO MOXKHO MOHSATL, ECIN
PacCMOTPETb MPOHULIAEMOCTb NHTEPBASTOB M1acTa Kak
CIIyHariHyO BEMNUMHY, (DYHKLIMSA pachpeneneHnst KOTopoWn
(0BbI4HO MPUHMMaeMas TOrHOPMAaITbHOW) 3aBUCUT OT OBYX
napameTpOB — CPedHEro 3Ha4eHNst (MaTeMaTUHeCKoro
OXKNOAHWSA) N «pasMaxa» OTKIIOHEHWUIA OT CPEAHErO
3Ha4eHus (oucnepcun). [dncnepcusa onpepenset

CTeneHb BEPTUKAIbHOM HEOOHOPOOHOCTY nnacTa u, B
YaCTHOCTU, BN, XaPaKTEPUCTUKN BbITECHEHWUS HE(DTU
BOLOV (HanpuMep, B COOTBETCTBUN C MOAES b0 JankcTpbl
— MNapcoHca [2-6]). YMHOXEHWE 3Ha4eHWN MPOHNLIAEMOCT
Ha NoNpPaBOYHbIN KOS(MMULIMEHT SKBUBAIEHTHO

COBUrY oyHKUMM pacnpemeneHns rno ocu «1orapugm
MPOHMLIAEMOCTU». STOT COBUI MO3BOSISET AOOUTLCA
YKENAEMOro 3Ha4eHWs CpeaHen NPOHNLAEMOCTU, OHAKO
«pa3max» KpMBOW pacnpeneneHnst MpOHULIAEMOCTY Mpun
STOM OCTaeTCHA HEKOHTPONMPYEMBIM, B CBA3U C YEM
»KeaeMblx nokasarenen HeEOAHOPOAHOCTU AOBUTLECA

He yoaeTcs. B gaHHOM paboTe NpeanoxeH METOL,
KOPPEKTUPOBKI 3HA4EHNI MPOHNLIREMOCT, MO3BONSAOLLMIA
OOCTUHb XKenaeMoro Buaa PyHKLM pacnpeneneHns
(HanprMep, NOrHOPManbHOro) C 3adaHHBIMM
XapaKTepUCTUKaMU — MaTeMaTUHECKM OXKMOAHUEM

N avcriepcuen. SToT METOA, OCHOBaH Ha peaybTarax
TEOPUN NOPSAAKOBBIX CTATUCTUK [7, 8] 1 BO3MOXKHOCTU
BOCCTaHOB/EHWNSI MPOHNLIAEMOCTI B PaHXMPOBAaHHOM
BbIOOPKE MNPV HAIN4M anpPrOPHON MHADOPMaLK O

BMOe PyHKUMM pacnpenenerus. [Npegnonaraetcs, Yto
PaHXMPOBaHVE NHTEPBASIOB MacTa No NPOHNLAEMOCTU
nposoanTCs ¢ nomoLLbko MG, MatemaTtuyeckoe
oXuaaHve NpeaioXKeHo onpedensTs No gaHHeM ITOVIC
NN HOPMasTbHOWM SKCMTyaTauyin CKBaXKMH, a AUCMEPCUIO —
N3 aHanmaa BbIBOPOK KepHa 1K No AMHaAMMKE 0OBOAHEHWA
MPOLYKLNN.

OOHNM 13 OCHOBHbIX MPEVMYLLIECTB MpeasiaraeMoro
NOOXO4a ABNAETCS CYLLECTBEHHOE YCKOPEHMe npoLecca
aganTaumn 3D rmapoanHaMN4eCKUX MOAENEn K

nctopumn pazpaboTku (history matching) v noBbiLeHVe
YCTOM4YMBOCTM pesysibTaToB history matching 3a cuer
TOrO, YTO Y>Ke NMePBOE NPUBIIIKEHNE K OLIEHKE MO
MPOHMLIAEMOCTM (Ha 3Tane MHMLManmM3auum Mogenn)
0Ka3bIBaETCS MaKCUMaSIbHO MPUBIVKEHHBIM K UCTUHHOMY
pacnpeneneHnio MunbTRaUMOHHBIX CBOMCTB mnacTa. 3To
0BecneqnBaeTCst UCMOB30BAHNEM MPU NHALMAIN3aLMN
MOJENM CPagdy BCEWN MMEIOLLIENCS N1abopaTopHOM 1
MPOMBICIOBOM MHOPMaLMKM, BKITKOHAsA UCTOPUHECKNE
OaHHble O AMHaAMVKE O00bHM HEDTU 1 ApYrX OatonaoB.

MpaKTdeckoe NpUMeHeHe NPeanoKeHHoro MeToda
PaCCMOTPEHO Ha MPUMEPE OfHOIO 13 MECTOPOXXAEHWIA
OAO «HK «PocHedTb».

MocTaHoBKa 3afauun

[MycTb HEKOTOPAas CKBaXKMHa pa3padarsiBaeT MnacT

3P MHEKTUBHON TONLLMHOW H, COCTOALLMI U3 N MHTEPBAJIOB
(NnpocnoeB., cnoes); hj, ki — COOTBETCTBEHHO TOJLLMHA
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average value (mathematical estimate) and the range

of deviations from the average value (dispersion). The
dispersion identifies the level of the vertical heterogeneity of
the reservoir and, in particular, the water-oil displacement
characteristics (e.g., according to the Dykstra-Parsons
model [2-6]). The multiplication of the permeability values by
the correction factor is equivalent to the shift of a cumulative
distribution function along a “permeability logarithm”

axis. This shift allows for the achievement of the desired
value of average permeability, however, the range of the
permeability distribution curve is out of control because

of this, so that the desired values of heterogeneity are not
achievable.

This study offers a method for the correction of permeability
values, allowing the desired type of distribution function

to be achieved (e.g. logarithmically normal) with the
specified data — mathematical estimates and dispersion.
This method is based on the results of the theory of order
statistics [7, 8] and permeability recovery capability in the
sample collection range upon availability of prior information
in a type of distribution function. It is assumed that the
permeability range of the reservoir is carried out with the
help of GDHL. Mathematical estimates should be made

on the basis of DHHDR or normal operation data, and the
dispersion — on the basis of core sample analysis or water
flooding developments. One of the main advantages of the
proposed method is a considerable reduction in the time
required for the process of matching the hydrodynamic

3D models to the history of oil production on site (history
matching) and the improvement of the stability of

the results due to the fact that the initial approximation

to the field permeability estimate (at the stage of model
initialisation) is matched as much as possible to the actual
flow properties of the reservoir. This is achieved through the
use of all the available laboratory and field data, including
statistical data on the field production performance (oil and
other fluids) at the stage of model initialisation.

Practical application of the proposed method has been
reviewed using the example of one of the oilfields of NK
Rosneft OJSC.

Statement of the Problem

Let us assume that a drill-hole is working on a reservoir
of effective thickness H, consisting of n levels (beds and
intermediate beds); with h; and k; being the thickness and
absolute permeability of the j-interval, respectively, and
Kkgi being the absolute permeability of the i-level, obtained
based on GDHL data ( =1, 2, ..., n).

As was mentioned before, kyi values may differ considerably
from the true k; values, therefore the direct use of kgi may
result in low accuracy in estimating the two most important
indexes: drill-hole productivity and vertical non-homogeneity
of the reservoir permeability, which determine, to a large
extent, the displacement efficiency of oil by water and gas.
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BbicokoathheKTUBHbIE MHOTOAPYCHbIE
BMOPOCHTA C NIMHEHBIM ABUXKEHUEM U
Y4aCTOTHO-PerynnpyeMbiM NpUBOAOM

O6e3BoXMBatoLME LEHTPUDYTY C
peBepCUBHBIM XOA0M U HaCTOTHO-
perynvpyembiM NpUBOAOM

CneuvranuavpoBaHHbIE CUCTEMbI
cMelvBaHuUA 6ypoBoro pacTeopa
CABUIOM CTpyM

[NaTeHTOBaHHbIE,
BbICOKOI(P(PEKTUBHBIE MHOMOAPYCHbIE
CUTOTNAPOLIMKIOHHbIE YCTaHOBKM C
JIMHENHBbIM ABUXXEHNEM

KoHTeliHepHble cucTeMmbl
06e3BOXMBaHNA C UHTEPdENCOM
«Y4enoBek—MaLLnHa»

Komnnekcbl No NpUroToBIEHNIO U

. nepemelLMBaHuio 6ypoBoro pacTeopa |

LleHTpobexkHble Hacocbl 1
N HAaCOCHble YCTaHOBKN

lMpu3HaHHbIe Nuaepbl B o6nactu
NPOEKTUPOBaHUA,
NPOuU3BOACTBa U KOMMJIEKCHOro
WHTerpupoBaHuA CUCTEM nepepadboTku
n o6paboTkKn 6ypoBOro pacrteopa

0bpaboTKa XXNOKU

KEM-TRON — 3T0 He NnpocTo Npon3BoanTesnb (hpMeHHOro o6opyaoBaHmA. OTO HaOeXHble
N BbICOKOTEXHOMOIMYHbIE peleHnA Bawwmnx npobnem. KoHctpykuma cuctem KEM-TRON
no3BonAeT paboTaTb B CaMbIX CIIOXHbIX YCI0BUAX 6ECTPaHLLENHOrO U FOPU3OHTANIbHOIO
bypeHus, pelwana Takne npobnemMbl, Kak XMMUYECKN aKTUBHaA TBepaan asa,
06e3B0OXMBaHMe 6ypoOBOro pacTeopa B CMCTEMAaX 3aMKHYTOrO LMKa 1 BOAOMOArOTOBKaA.

Bce obopygoBaHue, HaunHaA ¢ Hawmx 3anaTteHTOBaHHbIX MHOrOWYHKLUMOHAIbHBIX BUOPOCKT,
CUCTEM OYUCTKM MOIMMEPOB U CUCTEM 06€3BOXMBAHMA 3aMKHYTOrO LIMKNIa U 3aKaH4MBaA
cMCTEMamy aBTOMATUKK 1 YNpaBeHnA Ha OCHOBE MPOrpaMMUPYEMbIX MTOTMYECKUX
KOHTPO/1epoB, OTNin4aeTcA BbICOKUM y,Cl,OGCTBOM ncnonb3oBaHMA N KOMMNJTIEKCHOCTbIO
peLLeHnn, NO3BOMAA SKOHOMUTb AEHBLIN 1 6epeyb OKPY>KatoLLYO Cpeay.
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B TEOPUSNYECKUE NCCITEOOBAHNA CKBAXNH

1 abConoTHasA MPOHULIAEMOCTb i-FO NHTEPBAaNa; Kgi —
abConoTHasA MPOHULIAEMOCTb /-I0 MHTepBana, Nosy4eHHas
no gaHHbiM TNC (=1, 2, ..., n).

Kak y>ke 0TMe4asoch, 3Ha4eHMA Kgi MOTYT 3HAYUTESNBHO
OTNNHATLCA OT UCTUHHBIX 3HAYEHWI Kj, MOSTOMY MPSIMOe
MNCMOB30BaHNE Kgi MOXKET NMPUBECTU K BOMBLLNM
MOrPELUHOCTAM MPY PacHETE OBYX BAXKHENLLNX
rokazarenen: NPOAYKTUBHOCTY CKBaXKMHbI 11 BEPTUKAbHOM
HeOQHOPOAHOCTM NnacTa No NPOHNLAEMOCTY, BO MHOMOM
onpenensatoLLen 3hMOEKTUBHOCTb BbITECHEHUST HEDTN
BOAOW VNN ra3om.

ST1 OBa NokasaTens CBsA3aHbl C napamMeTpamm hyHKLWN
pacrpeneneH’s NPOHMLAEMOCTI MaTeMaTUHECKIM
OXMOaHNEM

() k=Ekl="Shk
k=Elkl~—3 ik,

1 oucnepcuen
) IJ=UJ=Ii|(.f:—E]3|=ﬁihl-[kr-—hjm
=]

roe cMMBON E[®] 0603Ha4aeT onepaLmio HaxoXKaeHNs
MaTeMaTUHECKOro OXXMaaHVs; 0 — CPeaHEKBaapaTuHHoOe
(cTaHOaPTHOE) OTKIIOHEHVIE MPOHULIAEMOCTU.
[MPOAYKTMBHOCTb CKBaXKMHbI MPOonopLyoHanbHa
BeNMYMHe npovdeeneHns KH (K — cpeaHsast No TOAWMHE
nnacTa npoH1LAEMOCTb, ornpeaensemas rno NpUToKy
MNacTOBOW XXUAKOCTU K CKBaDKMHE). 3HadeHne K MOXXET
ObITb MONYy4eHO NyTem 06paboTkm peldynstaTtos [ANC.
Ecnn akteHble akcnepumeHTsl (T AOVIC) oTcyTCTBYIOT,

TO A1 OLEHKM K peKOMEeHAYETCA MCMONb30BaTh

[OaHHble HOPMasTbHOW SKCnTyaTaumn (MacCuBHOIO
akcnepumeHTa). [Nof faHHbIMU HOPMasTbHOW 3KCryaTaumm
Mbl MOHVMaEM BPEMEHHbIE PAbI 3aMepOB AeONTOB
CKBaKVMHbI 1 3a00NHOMO AaBNEHNs!, OCYLLECTBSEMbIX MPK
SKCMyaTaumn CKBaXKHbI B KBa3MCTALIMOHAPHOM PEXME
(MpY OTHOCUTENBHO HEDOMBLLMX N3MEHEHMSIX 3aB60MHOMO
[OaBNEeHNs!, BbI3BaHHbIX €CTECTBEHHBIMU MPUHMHaMM)

WV >Ke NP BbIBOAE HA CTaLMOHAPHbIN PEXMM BHOBb
NPOBYPEHHBIX CKBaXKVH.

3HadeHne K onpeoensieTca nyTem aHanmaa nputoka
YKUOKOCTU K CKB2XKMHE B ECTECTBEHHbIX M1aCTOBbIX
YCOBUAX, MO3TOMY K MEET CMbIC/T 3 EKTNBHON
npoHMuaeMocT. C yHETOM YKa3aHHOrO Mbl MOXEM
3anucarb

roe Kr — OTHOCUTENbHAS MPOHULIAEMOCTb MPU CPeaHeEN no
TONLLMHE NnacTa HacbILLEHHOCTY dontovaamun. Ecnm npn
1CcneaoBaHnM peannadyeTcs MpUTOK 6e3BoaHON HedhTL
(kaK YaLLe Bcero v BbIBaeT), TO Kr NpeacTaBnsieT cobom
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These two indexes are connected with the parameters of
the permeability distribution function by the mathematical
calculation

_._ e hl z s
(1) k=E[k] = _Eh_,kl

and the dispersion
@ D=c’=E[(k-k) |’=# rE.l'i'l-[!cr- ~k)%
=

where E£[®] means the process for estimating the
mathematical expectation; and ¢ is the root mean square
(standard) deviation of permeability. Drill-hole productivity

is proportional to the product KH (K being the average
permeability along the thickness of the reservoir, which is
determined by the influx of the reservoir fluid to the drill-
hole). The value K may be estimated by processing the
DHHDR results. If active measurements for DHHDR are not
available, it is recommended to use normal operation data
(passive measurements) for estimating K. Normal operation
data are understood to be a dynamic series of well
production rate and bottom-hole measurements, carried
out during well operation in the pseudo-steady state (with
a relatively small change in the bottom-hole pressure due
to natural reasons), or during the changeover for a recently
drilled well to steady production.

The value K is determined by the analysis of the fluid flowing
into the well in natural reservoir conditions, therefore K is
the effective permeability. Making an allowance for this, we
can write:

@ k=KI/K,

where Kr — is relative permeability with average fluid
saturation throughout the thickness of the reservoir. If
during the exploration, the influx of crude oil without water is
produced (which happens in most cases), Kr will represent
the relative permeability for the oil in the presence of the
interstitial water in the reservoir.

Permeability probability distribution along the section is
normally described as a logarithmically normal function.
Thus, the probability distribution function ¢(x) of x = In k will
be determined by the formulae:

@) (1'111{_1_'}=q'3{_‘l:]|‘.[t;

(x-)

3

P
= l‘ih:i

1
g
m."zm'.rhl

plx)=

where  is the mathematical expectation and 0y, is the
standard deviation of the permeability logarithm.
It is easy to the obtain permeability probability distribution
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B TEOPUSNHECKUE NCCITEOOBAHNA CKBAXNH

OTHOCUTENBHYO MPOHMLIAEMOCTb O/ HedDTV MPY HANNHMN
B NnacTe CBA3aHHOM BOIb!.

PacnpeneneHve BeposiTHOCTEN NPOHNLIZEMOCTI MO
paspesy MNPVHATO ONMChIBaTb JTIOMHOPMaTbHOW (DYHKLIMEN.
Mo 3TOM OYHKLMS pacrnpeneneHnst BeposiTHocTel ¢(x)
BEMMHMHBI X = IN kK ONpeaenseTcs COOTHOLLEHUSMM

4) :i'tll{.t}=q:{x}|.:£x;

(e

211,3

1
e
v'?.:ml“

roe W, Oj, — COOTBETCTBEHHO MaTEMaTUHECKOE OXKUOaHNE U
CTaHOaPTHOE OTKIIOHEHME NorapudMa NPOHMLIAEMOCTH.

plx)=

DYHKUMIO pacnpeaeneHnst BEPOSITHOCTEN MPOHULIREMOCT
F(x) AN NOrHOPMAasIBHOrO 3aKOHA IErko MOMY4UTL U3
COOTHOLLEHWM (4):

6) Flk)=f f(k)dk,

roe f (k) — N1OTHOCTb pacnpeneneHns BEpOSTHOCTEN
MPOHULIAEMOCTH, ONPEeaensaeMast PaBeHCTBOM

®) {In.i:—yll3

flk)= 2Cin

]
£
Vimo k

MaTtemaTieckoe OXXuaaHe kK 1 cpegHeKBagpaTtniHoe
OTKJIOHEHWE O MPOHULIAEMOCTY CBA3aHbI C MapamMeTpamm
1 Oy COOTHOLLEHNSIMA [3, 4]

— 3
)k =cr~:p[u+%h

1
-

® o=k|exploy,)- ]]: ‘

OB60o3Ha4MM Hepes kp MPOHNLIAEMOCTb, OMPeaeIASMYHO
PaBEHCTBOM

© 100-Flk,)=p.

Kak cnenyet 13 mateMatn4eckoro CMbica yHKLMN
pacnpegeneHns Fk), BenudmnHa p onpenenaeT gono (B
MPOLIEHTAXx), KOTOPYIO B 3W(EKTVBHON TOSLLMHE nnacTa
3aHMMAKOT NPOCIION MPOHULIAEMOCTHIO Kk < kp. Hanpumep,
k50 — MEANaHHOE 3Ha4eHNe: MPOCION MPOHNLIAEMOCTBIO,
MEHbLLIEN K50, 1 MPOCION MPOHULIAEMOCTHIO, DONbLLEN K50,
3aHumatoT Mo 50 % addekTvBHOM TONLWMHBI. MeanaHHoe
3HaYeHEe NPOHMLIAEMOCTU MPUHATO 0603Ha4aThb
CVMBOSIOM km, T.e. k50 = km. Tak Kak dpyHKumns O(x) B
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function F{x) for the logarithmically normal law from the
formula (4):

6) F(k)=[ f(k)dk,

where f (k) — is the permeability probability distribution
density, estimated by the formula

©) {In.i:—yll3

!
£
Vimo k

The mathematical expectation k and the mean square
deviation 0 of permeability are connected with the
parameters of y and 0y, by the formulae [3, 4]

7
T s
£ (T[“

flk)=

7 k =cxp[u+%},

®) o=k [r:xp[:!‘l-:n I 1:|: .

We assume that kp is the permeability estimated with the
formula

9 100 F(k,)=p.

As it appears from the mathematical meaning of the
distribution function F(k), the p value determines the
percentage of the intermediate strata with k < kp
permeability in the effective thickness of the reservoir. For
example, ksp is the median value; intermediate strata with
permeability less than ksp, and intermediate strata with
permeability higher than kso, will each account for 50% of
the effective thickness. The permeability median value is
normally identified by the symbol km, that is ksp = km. Since
the function ¢(x) in the formula (4) is symmetrical to the axis
X =y, we obtain g =In kso = In km.

As a result, the formula (7) can be represented as follows:

o
T 1
k -Lm ‘xla[ 2r: ]

As is known, the deviations of the argument, with normal
distribution, to the left and to the right from the median
value by the value of the mean square deviation, result

in the following approximate values for the distribution
function: 0.16 (16%) and 0.84 (84%).

Therefore (Fig. 1):

(10)

(11) oy, =Ink, -Ink =Ink, -Ink .
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BbIP2XXEHUM (4) CUMMETPUHHA OTHOCUTENBHO OCU X = |,
nony4aem p = In k50 = In km.

B pesynbtate dhopmyny (7) MOXXHO NpeacTaBuTh B
crnenyroLemM B1ae:

b

]

(10) k=k -exp

7
Kak M3BECTHO, OTKJIOHEHWS apryMeHTa NMpu HopMasbHOM
pacnpeneneHn BNeso 1 Bnpaso OT MeAYaHHOro 3Ha4eHVIs!
Ha BeNM4MHY cpeaHeKBaapaTUHHOrO OTKITOHEHNS
NMPVBOASAT K 3HAUYEHNSM PYHKLMN pacnpenenenisi, paBHbIM
npnénmanTensHo 0,16 (16 %) n 0,84 (84 %).
NosTomy (puc. 1)
(11) o, =Ilnk_  -Ink, =Ink, -Ink
Taknm 06pasoMm, CTeneHb HEOAHOPOAHOCTY MacTa MOXKHO
ObI10 6bl OXapPaKTeEP30BaTb BENHMHON
(12) Ink, -Ink,=Ink [k =Ink, /k .
OOHaKo B MpaKTVKe COBPEMEHHOTO HEePTAHOro
VNHXUHNPWHIE 01 9TOW Len MPUHSTO UCMONb30BaThb
ko uumeHT darkcTpsbl - [NapcoHca [2-6]

k -k
(18) Vpp=——"

(1]

Kak cnegyet 13 (11) n (13), koadhuumeHT VDP ans
JIOFHOPM&JTBHOMO pacrnpeneneHns Cea3aH C NapameTpoM
Ojn COOTHOLLIEHVEM

(14) oy, =-In(1-V;).

lNoacTaBmB BblpaxkeHve (14) B popmyy (8), nosyHmm

(15)  k=A(V,.)k

T -l
op K = Al} np e,

oTKyOa

(16) ,u=m[E;,-u1-1”,;]=]n;._*:|.._1

roe

[n2(1-v,,)]
A(Vpp) =L'xp| L l.

2]

[MpOAYKTVBHbBIE MNACThI Hallle BCEro XapaKTepuaytoTCs
3Ha4eHusaMn Vop, nexxalymMimn B nHtepsane ot 0,7 10

0,8. CnepoBarenibHO, HaMbosee pacnpoCTPaHEHHbIE
3Ha4eHnst koadduumeHTa A(Vor) Anst HEOOHOPOOHbBIX
MiacToB HAXOOATCA B AuanasoHe oT 2 Ao 3,5, T.e. cpeaHee
3Ha4eHVe NPoHMLaeMocT B 2 — 3,5 pasa npeBsbILLaeT
MeOViaHHOE 3HaYeHNe.

(17)
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Thus, the degree of heterogeneity of the reservoir may be
characterised as:

(12) In "!:.-.-; —In kli- =In L‘m ! .fflh =In .f{__{_; f .l‘m .
However, for this purpose, the Dykstra-Parsons coefficient
is normally used in modern oil engineering practice [2-6]:
J"u.- - 't‘-ln

k

(1]

(13) V,, =

As follows from (11) and (13), the coefficient Vipp for
logarithmically normal distribution is connected with the
parameter 0}, by the formula:

(14) o), =-In(1-Vp,).

By inserting formula (14) into formula (8), we obtain:

(15) &k =A(V,p)k

PR |
m = Al pple s

so that:

3

(16)  n=In [I 1AV, 3]= Ink- 1:"'-,

where:

[n2(1-v,,p)]

!
2]

(17)

AlVpp) =exp|

Ink4g Ink,, | Inkgy x = Ink

b (x), %
100 -
90 1 ; ; .
80 1 - . .
70
60 1
I R ! !

0 VAR

30 A ; ; :

20 A j :

10 1

X = Ink

Puc. 1. JlorHopmanbHoe pacrnpeneneHe MpoHLIaEMOCTU

Fig. 1. Logarithmically normal distribution of permeability

ROGTEC |43
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AnbTepHaTUBHAsA XapakTePUCTUKa CTENeHN B
HeOaHOPOOHOCTY — KO3 DULMEHT Bapuauym V=0 / k. ns
JIOTHOPM&STbHOIO PacnpeneneHns 3 BolpaxxeHun (7), (8)
NMeeM

(18) Vv =[t:xpiﬂfn}-l]l =[cxp(|n3fl-1’m.}-]”;.

3HadeHnst VP MOXXHO MOMYYUTb 13 MPAMOro aHanmaa
BbIOOPOK KepHa M »Ke nyTem 06paboTKN MPOMbICIIOBbIX
OaHHbIX MO AMHaMUKE 06BOOHEHNS [OObIBAOLIMX
CKBaXKVH. B nocnenHem cnyyae aneksaTHoe 3HadeHve Vpp
OMPeaenseTcs C MOMOLLBKO «MOATOHKN» XapaKTEPUCTVIK
BbITECHEHWIS, MOJTyHEHHbBIX B PaMKax ClIOUCTON

Modenv nnacTta [2, 5, 6], K peanbHoO HabtoaaeMbIM
XapaKTePUCTKAM.

CooTtHoluerus (14) n (16) cBa3biBalOT NapameTpbl

U U O NOrHOPMarTbHOM PyHKLMM pacnpeaeneHms
MPOHNLREMOCTU C MPaAKTUHECKM N3MEPAEMBIMI
XapaKTEPUCTUKAMU CKBEXKMHbI — CPEOHEB3BELLEHHON MO
TOSLLMHE NnacTa NPOHNLIAEMOCTBIO K 11 KOSMULIEHTOM
Vop.

B obuiem cnydae pyHKUmA pacnpeneneHns
MPOHMLIAEMOCTU MOXKET OTIMYATBCA OT JIOTHOPMASTBHON.
OpHako, 3Has ee B[, BCEraa MOXHO BbIpasnTb 3Ha4EHUS
napameTpOoB pacrnpeneneHns Yepes BenvunHbl k 1 Vop (Mbl
OrpPaHNHMBAEMCH PaCCMOTPEHEM OBYXNapaMETPUNHECKIMX
yHKUMIA pacnpeneneHns).

13 npencTaBneHHOro Beille 0630pa ACHO, YTO B
MaTeEMaTHECKOM CMbIC/Ie 3afada onpeaeneHnsa npoduns
BEPTUKA/IbHOMO pacnpeaeneHs MpPoHMLIaeEMOCTM B
CKBaXKVMHE 3aK/TKOHAETCA B HAXOXAEHNN (DYHKLIMOHASBHOM
CBS3U MEXXay 3HAYEHNAMM MPOHULIAEMOCTU MO AaHHBIM
MMC 1 UCTUHHBIMK €€ 3HAYEHVIAMI

(19) k=}»fk“ ).

9Ta PyHKUMOHaNbHas CBA3b 0OECneYmMBaET BbINONHEHNE

CNefyoLLMX YCNOBWIA:

» (hyHKLMSE A(K) MOHOTOHHE;

» OyHKUNS pacnpefeneHs NPOHMLIAEMOCTM MO paspesy
f(K), paccumTaHHas ¢ NoMoLLbo pyHKLUMK (19), nmeeT
arnpropHO 3aaHHbIN BUL,;

» napameTpbl PYHKUMN f(K) TaKOBbI, YTO pacyeTHbIe
3Ha4eHVs k 1 Vpp COBMAZatoT C OLieHKamu,
NOJTyHEHHbBIMU MO SKCNEPUMEHTASTBHBIM U
MPOMBICNIOBbLIM AaHHbBIM.

Hanee gna npoctoTsl Byaem cumTatb QyHKUMKO f (K)
JIOTHOPMaUTbHOW, XOTA MpeaniaraeMble B AaHHOW paboTe
MEeTObl MPUMEHMBI ANt MOBOro pacnpeneneHns. H4acto
MPUMEHSIEMBI Ha MPaKTUKE CMOCOH KOPPEKTUPOBKM
3Ha4YEHNIN Kg NMyTEM YMHOXXEHNSA UX HA HEKOTOPbIN
MOMPaBOYHBIN KOSMMULIMEHT C LENBO OOCTVKEHNUS
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Productive strata are most commonly characterised by
Vpp values in the range 0.7 to 0.8. Therefore, the most
commonly encountered values of the coefficient A (Vpp) for
heterogeneous strata are in the range of 2 to 3.5, i.e. the
mean permeability value is 2 to 3.5 times higher than the
median value.

An alternative characteristic of the degree of non-
homogeneity is the coefficient of the variation V=0 / k . For
logarithmically normal distribution, based on formulae (7)
and (8), we obtain:

(18) v =['~‘-‘€lein,, )= 1]1 =[L‘xp(|n3fl -Vpyp)- ]”: .

The value Vpp can be obtained based on a direct analysis
of the core sample or by processing the ail field data on the
water encroachment dynamics of the production wells.

In the latter case, an adequate value of Vpp is determined
by matching the displacement characteristics, obtained
within the stratified model of the stratum [2, 5, 6] with the
characteristics observed in reality.

The formulae (14) and (16) are connected by the
parameters y and 0y, of the logarithmically normal
permeability distribution function with the actual measured
characteristics of the well — weighted mean strata thickness
permeability k and coefficient Vipp.

The permeability distribution function may often deviate
from the logarithmically normal. However, knowing this
factor, it is always possible to express the values of the
distribution parameters with the values k and Vpe (we will
only examine two-parameter distribution functions).

It is clear from the assessment above that from the
mathematical point of view, the task of identifying the profile
of the vertical distribution of the permeability in a drill-hole is
confined to finding the functional connection between the
permeability values, obtained on the basis of GDHL and its
true values

(19) k=h(k,).

This functional connection allows for the fulfiment of the

following conditions:

» the function A(K) is uniform;

» the function of permeability distribution along the
section f(k), estimated with the help of function (19), has
a predetermined form;

» the parameters of the function f (k) ensure that the
estimated values of k and Ve coincide with the estimates
obtained based on experimental and oil field data.

Further, to simplify the explanation, we shall assume that
the function f (k) is logarithmically normal, although the
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>KENaeMOoro CPeHEro 3Ha4eHNs MPOHNLIAEMOCTI
0O3HaYaeT, YTo YHKLNA AK) MPUHUMAETCA NUHEHOA:

methods proposed in this study, are applicable for any
distribution. The method of correction of kg values based on
their multiplication by some correction coefficient to achieve

20) k;=Ck,, (1=1,2,...,n),

&
roe MHoxutens C onpenendaeTcy N3 yCroBnA

FI
@1) K, C-3hk, =KH,

cnenyoLero 13 ypasHeHnsa (3).
Norapuhmmnpys BoipakeHne (20), noayHaem
(22) Ink=Ink,+InC.

Taknm 06pa3oM, 3TOT CrOCOO KOPPEKTUPOBKM
SKBUBAJIEHTEH CABUIY DYHKLUMM pacnpeneneHms
MPOHMLAEMOCTU Ha o0Tpe30ok INC no ocu Ink (puc. 2).

13 p1c. 2 MOXKHO BUOETb, YTO Npeobpas3oBaHie

(22) He NO3BOSISAET MOJYHUTL XKENAEMYIO PYHKLIMIO
pacnpeneneHns (Kpreyto 3), MOCKOMbKY OHO HE MEHSIET H
dhopMy KprBOW 1, HU ee «pasmax».

Metoza 6e33TanoHHbIX U3MEpeHuin

[MpeanonoXnm, YTo UMEETCS Ky4a CllyHaHO HabpaHHbIX
KamHeln. MOoXXHO N onpeaennTb BEC KaXKAOrO KaMH4,
MMES1 PblHaXKHbIE BECHI, HO HE UMEest T1PeK K HM? B
6onee obLLEM BUOe 3Ta 3aa4a, HasblBaeMas 3aa4en
6e33TaNIOHHOrO N3MEPEHUS [7], MOXXET ObITb MOCTaBNEHA
clnenyroLmM 0bpasoMm.

[MycTb (x1, X2, ... Xn) — BbIBOPKA, COCTaB/IEHHAs U3 N
peannaaumin Crny4amHon BenndmHbl X; X; — i-s peanmsaumns
cly{aiHom BendvHbl (= 1, 2, ... n). MOXXHO /1
ONPELENNTb 3HAYEHNS X, UMES TOSIbKO KOMMapaTop,
KOTOPbI MO3BONSET CPaBHMBATL 3HAYEHNA X; OPYT C
OPYroM, HO He MEeS STaSIOHOB, KOTOPbIE MO3BOMIN

Obl UIBMEPATL 3HAYEHNS X; HaNPAMYO? (B Halem
MPUMEPE C KaMHSIM KOMMapaTopoM ABNSIKOTCA BECHI, a
OTCYTCTBYIOLLMMW 3TaSIOHAMU — MAPBKNA).

B paboTe [7] nokasaHo, YTO peLnTb 3Ty 3agady MOXKHO C
MOMOLLbHO TEOPUI MOPSAKOBbLIX CTATUCTUK MPW YCNOBUK,
YTO PYHKUMS pacrnpemteneHns ciyHanHom BennmnHbl X
n3BecTHa. Jlerko B1uaeTb, YTO paccMaTprBaemast Hamm
npobnema onpeneneHs UCTUHHOM MPOHNLIZEMOCT
VHTEePBasIoB nnacTa k; o gaHHbIM TG Takoke aBnseTcs
3agadern 6e33TaNlOHHOO N3MEPEHNS 1, CNeaoBaTebHO,
MOXET ObITb pPeLLeHa METOAaMM TEOPUN MOPSAAKOBBIX
CTaTUCTUK.

MNepexons K BEPOATHOCTHOMY OMMCaHWIO, PaCCMOTPUM
CllyHaiHOEe MHOXKECTBO BbIDOPOK (X1, X2, ... Xn). BO
MHOIMMX MPaKTUHECKNX MPUNIOXEHUSX MONE3HO [4, 7-

9] ncnonb3oBaTb YNopsaoHeEHHbIE (DaHXNPOBaHHDBIE)
BbIOOPKM (X(1), X(2), ... X(n)), NONYHEHHbIE U3 UCXOLHbBIX
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the desired mean permeability value, often used in practice,
means that the function M(K) is assumed to be linear:

(20) Ki=Cky, (=12, ....n),
where the multiplier C is identified from the condition
@1) K, C Shk, =KH,
=1
resulting from the formula (3).

By taking the logarithm of (20), we obtain

22) Ink=Ink,+InC.

@ (X) A LnC

x = Ink

Puc. 2. NpeobpazoBaHie yHKLM pacnpeneneHs
3HAYEHUN Kg MPY YMHOXXEHWI Ha MOMPaBOYHbIA

kot puLmeHT C: pyHKUMA pacnpedeneHus: 1

— 3HaYEHN Kg; 2 — CKOPPEKTUPOBaHHbIX 3Ha4YEH Kg; 3

— UCTUHHOW NPOHNLIGEMOCTU K

Fig. 2. Conversion of the distribution function kg when
multiplying by the correction coefficient

C: Distribution Function: 1 — of the values kg; 2 - of the
corrected kg values; 3 - of the true permeability k

Fig. 2 shows that the conversion (22) doesn’t allow us to
obtain the desired distribution function (curve 3), since it
doesn’t change either the shape of curve 1, or its range.

Method of Non-Reference Measurements

Let’s assume that we have a pile of stones. Is it possible
to estimate the weight of each stone having mechanical
beam scales without balance weights? In a more general
form, this task is referred to as a task of non-reference
measurement [7] and may be formulated as follows.

Let’s assume that (x4, xo, ... Xn) is a selection consisting of

n occurrences of a random value X; x; is the occurrence
number i of a random value (=1, 2, ... n). Is it possible to
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BbIBOPOK (X1, X2, ... Xn) MyTEM MEPECTAHOBKM BEMNHNH X; B
MOPSAAKE WX BO3PACTaHUS (X() < Xi+1))-

[MpO BENMHMHY, CTOSLLYIO Ha i-M MECTE B PaH>XMPOBaHHON
BbIOOPKE, FOBOPSIT, YTO OHAa MMEET paHr /. PadymeeTcs,
BEMHMHBI, MEIOLLIME OAMH 1 TOT XKE PaHr /, B Pa3HbIX
BbibopKax ByayT, B CUIy Cy4alHOCTW, Pa3HbIMU. Takum
00pas3oM, BEMMHMHBI X() SBASKOTCS peam3aumsivmm
HEKOTOPOW CAyHanHOM BENNYMHDBI, KOTOPYHO Mbl 0603Ha4M
X CnepgoBarensHo, ClyYaniHasi paHXnpoBaHHas

BblBOpKa MOXXET ObiTb MPeAcTaBneHa B BUae Habopa
CNyHarHbIX BENHNH (X(1), X(2), ... X(n). DNEMEHT X() STOM
BbIOOPKW HAa3bIBAETCA /- MOPAAKOBOM CTATUCTUKOWM,

a pasgen MaTeMaTU4eCKOM CTaTUCTUKIN, U3YHatoLLIA
CBOVICTBA YNOPSAA0HEHHbBIX BbIGOPOK, HA3bIBAETCS TEOPUEN
MOPSAKOBbLIX CTATUCTVIK [7, 9.

Ecnm f(x), F(X) — COOTBETCTBEHHO MIOTHOCTb
BEPOSTHOCTU U OYHKLMS pacrnpeaeneHnst MCXOoAHOM
COBOKYMHOCTW, TO NIOTHOCTb PacnpeaeneHs i-i
nopsiaKoBON cTaTUCTUKM Wi(x) Mpr 06bemMe BbIGOPKM N
ONpeaensaeTcs ypaBHeHEM [7]

n!

23) py(x)=—
{(1=1){n=1)

[FG] ™ [1-F@)]™ flx),

i=1, ., m

CpenHee E; nopsiaKoBbIX CTATUCTUK

©@4) E = F-[X,-_.: ]='_,|3L X, (x )b

-

ancnepcnd NnopagkoBbIX CTAaTUCTUK
25) nf=1;[):“:_]=ﬁ[xﬁ.]-ﬁf_

B kadecTBe npumepa Ha puc. 3 npueeneHsl rpadmkim
MIOTHOCTW pacnpeneneHna NCXOAHOW CrlyYanHom
BEIMHNHbBI, UMEIOLLIEV HOPMAaNbHOE pacnpeneneHne f(x),
N pacnpeneneHns NopsaaKoBbIX CTaTUCTUK Wi(x) Npw i
=6uni=20 (n=230). N3 puc. 3 BUOHO, 4YTO NNOTHOCTb
BEPOSATHOCTI NMOPSAOKOBOWN CTATUCTUKIL NPEeaCcTaBnsaeT
Cob60M AOCTATOYHO «y3KYHD» (DYHKLMIO, MOSTOMY AN
OLIEHKI HEU3BECTHOW BEJIMYMHbI X() NPV BOSbLLIMX N
MOXXHO MCMOJb30BaTb MaTeMaT4ecKoe oxnaaHue

E,': X = E,

inest Takoit 3amMeHbl NEXXMT B OCHOBE MeToda
0e33TaNoHHbIX n3Mepennia [7]. Ownbka xp — £,
JonyckaemMas MpW MPYIMEHEHU 3TOrO MeToa,
YMEHbLLIAETCA C POCTOM 06bema BbIOOPKN 1.

PacyeT 3Ha4eHnin £ NpoBOANTCA C UCMONB30BaHNEM
dhopmyn (23), (24) nyTeM YANCNEHHOTO BbIHYVCIEHNS
nHTerpana (24).
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estimate value x;, having only the comparing element, which
allows to compare x; values with one another, but without
having any references, which would allow us to measure
the xvalues directly? (In our example with the stones, the
scales are the comparing element, and missing references
are the weights).

In [7] it is shown that it is possible to solve this task with
the help of the theory of order statistics, provided that the
function of distribution of the random value X is known.

It is easy to see that the problem of estimating the true
permeability of the strata intervals ki based on GDHL data
is also a task of non-reference measurement, and therefore
may be resolved by the methods of the theory of order
statistics.

Switching to a probablistic description, let’s review a
random set of selections (x1, X2, ... Xn). In Many practical
applications [4, 7 — 9], it is useful to use organised
selections within a range of values (xq), X), ... X)) obtained
from the initial selections (x1, Xo, ... Xn) by transposition of
the values xi in the increasing order (x(1), X2), ... Xm)-

The value i in the range of values selected is said to have
the ordinal number or rank i. It is clear that the values that
have the same rank / in various random selections will be
different due to random chance. Therefore the values X are
occurrences of some random value, which we will identify
as x(). Therefore, the random range of selected values can
be presented as a set of random values

Xy, X@), ... xm)- The element x) of this selection is called
the j-order statistic, and the area of mathematical statistics
studying the properties of ordered selections is called the
Theory of Order Statistics [7, 9.

If 7(x) is the probability density and F(x) is the function of the
distribution of the original population, then the distribution
density of j-order statistics Wj(x) in the selected range n can
be estimated by the formula [7]

n!

e T = Fa T fix

(23) ;(x)=

i=1, .., m

The mean value E; of order statistics is:

(4 E=E[X, ]=-_Fx-ljll (x)ede;

-

The dispersion of order statistics is:

@) of =D[X,]-E[ X} |- £

Fig. 3 shows graph curves for the initial random value
distribution density, having a normal distribution f(x), and

a distribution of order statistics Wj(x), wheni=6 and i =20
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f(x), ¥(x)

Puc. 3. MnoTtHOCTb pacnpeaeneHna NopAaKOBOU
CTaTUCTUKM: NIOTHOCTb pacnpeneneHs: 1 — cny4amHom
BENMHMHBI f(X), UMEIOLLIEN HOpMaTTbHOE pacnpenerneHmne ¢
napametpamu P= 0, 0= 1; 2, 3 —-MOPSOKOBON CTATUCTUKN
W;(x) cooTBETCTBEHHO Mpw i= 6 1 i= 20 (n =30)

Fig. 3. Order Statistics Distribution Density:
Distribution Density: 1- random value f(x), having normal
distribution with parameters p=0, 0 = 1; 2, 3 - order
statistics Wj(x), accordingly at i=6 and /=20 (n=30).

NMpumeHenne MeTofla 6e33TanoHHbLIX U3MEpeHui

AnA onpeaenenua npothuna pacnpeaeneHuna
NPpoHULaeMoCGTU B CKBAXNHE

Brayane Byaoem cuntarb, YTO 3Ha4YeHNst MPOHNLAEMOCTU
no panHHeimM [UC kg nonyyeHsl Yepes paBHble NHTEPBATbI
nnacta: h1 = ho = ...= hn. 9T0 UMEET MeCTO, HanpUMep,
NPV MPEACTaBNEHUN KaPOTEKHBIX KPVBBIX 1 PE3YNbTaTOB
nx nHTepnpetaummn B LAS-chopmarte, korga napameTpbl
nnacra onpenenstoTca PaBHOMEPHO Yepes kavkdble 0,1
nnm 0,2 M. MNpUHATOE OrpaHnYeHVe NO3BONAET HaNPSMYO
NCMoNb30BaTh MAE MeToda 6€33TaTIOHHbIX N3MEPEHWN,
N3MIOXEHHYIO BblLLIE.

[lyCTb N3BECTHO, YTO pacrnpeaeneHme NPoOHMLIAEMOCTH
NorHopMasnbHoe. B kadecTBe NexoaHom nHdbopmaLmm
OaHbI:
» 3HaYEHNA NPOHNLIAEMOCTN MHTEPBASIOB MiacTa Ky,
noJyYeHHble Mo gaHHbiM TNC (=1, 2, ..., n);
» CpeaHsia Mo TOSLWMHE niacTa NPOHNLAEMOCTb K;
» KO3(PPULMEHT HEOOHOPOAHOCT [ankCTpbl
— [MapcoHca Vpp.

TpebyeTcsa onpeaenTb UCTUHHYHO MPOHULIGEMOCTb
WHTEPBANOB ki (=1, 2, ..., n).
3afada pelaeTcy B CNeAyoLen nocneoBaTenbHOCTH.

1. OnpegenseTcs napameTp Oin pacnpenenenns (4) no
dopmyrne (14).

2. OnpenensieTcs MaTeMaTnHeckoe OXxXuaaHmne
npoH1uaemMocT no dropmyne (3).

3. OnpegensieTcs napamMeTp [ pacnpeaeneHns (4) no
thopmyrne (16).

4. VIHTepBasbl MnacTa paHX1pyrTcs B MOPSAKE

www.rogtecmagazine.com

(n = 30), as an example. Fig. 3 shows that the probability
density of order statistics and represents a rather “narrow”
function, therefore for the estimation of the unknown value
X, when the number n has a high value, it is possible to
use the mathematical estimate E;: x() = £

The idea of this substitution is the basis of the non-
reference measurement method [7]. The tolerance error
X - E when using this method will be reduced with the
increase of the selection size n.

The estimation of E1 values is carried out using the
formulae (23) and (24) and by a numerical integral
evaluation (24).

Non Reference Measurement Method for the estimation

of permeability distribution in drill holes

First of all, let us assume that the permeability values on the
basis of GDHL kg are obtained at equal formation intervals
h1 = ho = ...= hn. This applies when the well-logging curves
and the results of their interpretation are presented in an
LAS-format, when the parameters of the formation are
estimated evenly, at every 0.1 or 0.2 metres. This restriction
allows a direct application of the idea of non-reference
estimations, described above.

Let us assume that the permeability distribution is

logarithmically normal. The following initial information is

provided:

» values of permeability of the formation intervals kg
obtained on the basis of GDHL data (=1, 2, ... n);

» average permeability through the reservoir thickness K.

» Dykstra—Parsons coefficient of heterogeneity Vpp

It is required to estimate the true permeability of the k;
intervals (=1, 2, ... n);

The task shall be resolved in the following sequence:

1. The distribution parameter o (4) is estimated using
formula (14).

2. The mathematical permeability expectation is estimated
using formula (3).

3. The distribution parameter p (4) is estimated using formula (16).
4. The formation intervals shall be arranged in increasing
order by comparing the kg values corresponding to different
intervals. Thus, the initial selection (kg1, kg2, ..., Kgn) Will be
transformed to a selection in the sequence

(ka(1) Kgi2p ---» Kafn)-

5. The mathematical expectations of order statistics E; will
be estimated by numerical integration using formulae (23)
and (24), which allows us to obtain a range of selected true
permeability values (k) kg, ..., Ki) Using an approximate
Substitution kj = E;.

6. By comparing the range of selected values (kg1), Kg@), ---,
Kom) and (k) ke, ..., Kiy), we obtain a functional connection
between the true permeability and the permeability obtained
on the basis of GDHL data: k = A (kg).
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BO3paCTaHNs MPOHNLIAEMOCTI MyTEM CPaABHEHNSA 3HAYEHWIA
Kgi, COOTBETCTBYIOLLMX Pa3/IM4HbIM MHTEpBanam. [pu aTom
nexogHasa Bolbopka (Kgi, Kge, ..., Kgn) MpeobpasyeTtcs B
PaHKNPOBaHHYIO BbIOOPKY (Kg(1), Kg@), ---» Kgn)-

5. YncneHHbIM MHTErprpoBaHneM no hopmynam (23) u (24)
OMNPEfENATCA MaTEMATUHECKNE OXKNOAHNS NOPALKOBbIX
CTaTUCTVK Ej, 4TO NO3BONSET NOMYYUTL PaHXMPOBAHHYHO
BbIOOPKY UCTUHHBIX MPOHULLEEMOCTEN (K1), K, ..., Km) C
MOMOLLbIO MPUBIIVIKEHHOM 3aMeHbl Kj = E;.

6. [NyTem conocTaBneHns PaHXMPOBaHHbIX BbIGOPOK

(kg(1), Kg@) ---r Kgm) v K1), K@), -, Kimy) ONpenenseTcs
(PyHKLMOHATbHaSA CBA3b MEX Y UCTUHHON
MPOHNLAEMOCTBIO M MPOHULIAEMOCTHIO MO AaHHbIM [VIC: k
=\ (ko).

OnmncaHHast nocneoBaTenbHOCTb PACHETOB MPUMEHAETCS
07191 BCEX CKBaXKMH, MO KOTOPbIM UMeETCH Tpedyemas
nexogHas nHdopmMaums. MNpy 3ToM HeobXoaAnMO
MPOBOAUTbL TLLATENbHbBIN CPaBHUTENBHBIV aHANN3 BCEX
1CccneaoBaHHbIX MHTEPBASIOB I COOTHOLLIEHWI, MOMYHYEHHbIX
07191 BCEX CKB&XKWH, OJ191 TOrO, YTODObI BbISIBUTL HEKOTOPbIE
0obLLME 3aKOHOMEPHOCTU, KOTOPbIE MOXXHO OyaeT 6e3
prcKa MPUMEHUTb YXKe W NS CKBaXKNH aHasIoroB, Mo
KOTOPbIM HacCTb MCXOOHOM MHOPMaLM OTCYTCTBYET
(Hanpumep, ecTb faHHble G, HO HET cBeneHU

0 nMapameTpax MyHKLMM pacnpeneneHs UCTUHOMN
npoHnuaemocT — K u Vpp).

[Mpumep: TyCTb cpeaHast ahdeKTVBHASA MPOHULIAEMOCTb
nnacTa, BCKPbITOrO AaHHOW CKBabKMHOW, K=7,2 M/,
koaprumeHT Vpp=0,8, OTHOCUTENBHAA MPOHULIAEMOCTb
K=0,8. 3Ha4eHs1 MpPOHMLIAEMOCTM MO AaHHbIM

'C kgi, 06pasyroLLme BbIDOPKY 06 bEMOM N=29 1
XapakTepusytoLLIMe MHTEpBaTbl nMnacta ToawmHom 0,4 M,
npuBeaeHbl B Tabn. 1 B mopsiake BO3pacTaHnst rybuHbI
PaCMONOXXEHVA NHTEPBASIOB.

1. Onpenennm CTaHaAPTHOE OTKIIOHEHWe Mo dhopmyne (14)
o, =-In{1- V¥, }=-In(1-0,8)=-In(0,2)=1,61.

2. OnpenenM CpeaHIo0 MPOHULAEMOCTb Mo hopmyne (3)
k=K/K,=7,2/0,8=9m].

3. Onpegenim napameTp IOrHOPMaIbHOMO
pacnpeneneHns (4) no opmyne (16)

u=Ink-o3 /2=In9-1,61% /2=0,9.

4. OTparKknpyem 3Ha4eHns Kg 13 Tabn. 1 1 pacrnonoxXmnm
VX B Tab/1. 2 B NOpsiaKe BO3pacTaHus.

5. PaccuntaemM 3Ha4eHna MaTeMaTUHECKX OXXMOaHUM E;
no hopmynam (23) 1 (24) 1 pacnonoXXmm nx B
Tabn. 2.

6. BoccTaHOBMM MPOHMLAEMOCTU MO BEPTUKASN NMYTEM
0BpaTHOM NepeCTaHOBKM MHTEPBAIOB B NMOPSOKE POCTa
FyBUHBI MX PACMONOXKEHUS (CM. Tabs. 1). 3HaqeHns Ky
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The described order of calculations is used for all wells,
where the required initial information is available. This being
said, it is necessary to carry out a thorough comparative
analysis of all the studied intervals and ratios obtained for
all wells, in order to identify some general patterns, which
may be also used safely for similar wells, where part of

the initial information is not available (e.g. there are GDHL
data available, but no data on the parameters of the true
permeability distribution function — K and Vpp).

Example: We assume that the average effective
permeability of a formation cut open by a certain drill

hole K=7.2 mD, the coefficient Vpp =0.8, and the relative
permeability K=0.8. The permeability values based on
GDHL data kg, forming a selection size of =29, and
characterising the formation intervals of 0.4 m thickness,
are listed in Table 1 below in the order of increasing depth
of the intervals.

1. Estimate of standard deviation using formula (14)
oy, =-1n(1-Vpp )=-In(1-0,8) =-1n(0,2) =1,61.

2. Average permeability is estimated with formula (3)
k=K/K, =7,2/0,8=9m].

3. The parameter of logarithmically normal distribution (4) is
estimated using formula (16)

w=Ink -a? /2=In9-1,61% / 2=0,9.

4. The values kg from Table 1 are arranged in Table 2 in
increasing order.

5. The values of mathematical expectations E; are estimated
using formulae (23) and (24) and arranged in Table 2.

6. Reconstruct the permeability vertically by reverse
rearrangement of intervals in the order of their increasing
depth (see Table 1). Values kg from Table 2 to Table 1 shall
be transferred so that the values of kg, located in one row
with kg in Table 1 and Table 2 coincide.

Fig. 4 shows the relationship of k = A(kg), reflecting the
functional connection between the columns 2 and 3 of
Table 1.

As you can see, this relationship is non-linear, unlike the
relationship (20). It should be noted that the average value

k= r;|k|ﬁjl S ik, =% S04-k, =91

=1 =1
and the coefficient of heterogeneity
k,—ke 2,3-0,45

2,3

PRI

Vip = ~0,8

m

coincide with the initially assigned values.
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Fig. 4. The relationship k = A(kg)

13 Tabn. 2 B Tabn. 1 NepeHocATca Tak, YToObl 3HAYEHMS
Kg, CTOSILLMNE B OIHOWM CTPOKE C Ky B Tabn. 1 n 1abs. 2,
coBnaganu.

Ha puic. 4 npencTasneHa 3aBMCMMOCTb K = A(kg),
oTpaxkaroLLask PYHKLMOHATBHYHO CBSA3b MEXXdy CTonoLamm
2 n 3 T1abn. 1. Kak BMaHo, aTa 3aBMCMMOCTb CYLLIECTBEHHO
HeJIMHENHas!, B OTIdMe OT 3aBUCUMOCTH (20).

OTMETUM, YTO cpenHee 3Ha4veHne

= | n ] H
k =E[k]=- Ehjkl-: E{},-—l-kl-=‘}m,fl
H 5 116 )
1 KO3 PULMEHT HEOOHOPOOHOCTU
#:m - k:h 2,3=0,45
- £ 31 3

v =), 8
J’]JI- b
k
COBMafatoT C NepBoOHaYanbHO 3aaaHHbIMU BEINHMHAMN.

MpaKTyecKoe NpUMeHeHne MEeTOANKN

MNpennaraemasi MeToavka ornpeaeneHnst Nons
MPOHMLAEMOCTY Obia onpobdoBaHa Npy co3aaHnn
CEKTOPHOW rMapOANHAMNYECKON MOOENM OAHOIO

13 mectopoxkaennin OAO «HK «PocHedTb».
ﬂepBOHaHaﬂbHOLUW10ﬂpeﬂeﬂeHMﬂI1pOHMMaeMOCTMHa
3TOM MECTOPOXXAEHUM UCMOSIb30Baach 3aBUCUMOCTb
MOPUCTOCTb — MPOHMLIAEMOCTb BUA

(26)  Ink, =0,0023m™" -3,224
W
©7)  k,=exp(0,0023m™ -3,224),
L
rae m - MOPUCTOCTb, %, OMpeaeneHHas Mo gaHHbiM MVIC.
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Homep
nHTEepBana B
paH>X1pPOBaHHON
BbIGOpKe kgi, MO, | Ei=Kg), MO
Howmep Selected kgi, MD | Ei=kg;), MD
uHTepeanai| Kgi, MD | kgi, MD [ range of values,
Interval No Interval No

1 4,05 0,66 1 1,98 0,12

2 4,68 0,80 2 2.21 0,22
3 1,98 0,12 3 2,95 0,32
4 6,32 1,30 4 3,32 0,43
5 6,84 1,51 5 3,54 0,54
6 2,21 0,22 6 4,05 0,66
7 8,33 2,00 7 4,68 0,80
8 11,13 4,02 8 517 0,95
9 24,17 10,98 9 5,90 1,12

10 12,91 4,66 10 6,32 1,30
1 2.95 0,32 1 6,84 1,51

12 15,83 5,42 12 724 1,74
13 56,80 | 24,79 13 8,33 2,00
14 10,34 3,03 14 9,61 2,30
15 22,29 9,00 15 9,93 2,64
16 3,32 0,43 16 10,34 3,03
17 9,61 2,30 17 10,81 3,49
18 131,42 | 39,22 18 11,13 4,02
19 28,49 13,74 19 12,91 4,66
20 3,54 0,54 20 15,83 5,42
21 19,00 6,35 21 19,00 6,35
22 9,93 2,64 22 20,57 7,51

23 5,90 1,12 23 22,29 9,00
24 10,81 3,49 24 24,17 10,98
25 36,18 1787 25 28,49 13,74
26 264,56 | 94,26 26 36,18 1787
27 724 1,74 27 56,80 24,79
28 20,57 7,51 28 131,42 39,22
29 517 0,95 29 264,56 94,26

Ta6bn. 1 Table 1 Tabn. 2 Table 2

Practical application of this method

The proposed method for estimating the permeability

range was tested at the time of the creation of the sector
hydrodynamic model of one of the oilfields of Rosnett.
Initially, for the estimation of the permeability of this oilfield, a
relationship of porosity and permeability was used:

(26) Ink, =0,0023m™" -3,224
or
(7) Kk, =exp(0,0023m™ -3,224),

where m is the porosity in %, estimated on the basis of
GDHL data.

As a result of this estimate, using a method of non-
reference measurement, the adjusted values of permeability
were obtained, the interval comparison of these with the
porosity values, and following a generalisation of these
estimates for all the wells, this showed that the relationship
of porosity and true permeability is described by the
function

28) Ink=0,92m-12,88
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B pesynbTaTte pacyeToB no MeToay 6€33TanOHHbIX The comparison of the initial (26) and the corrected
M3MepeHuin 6binn NoNyYeHbl CKOPPEKTMPOBAHHbIE (28) petro-physical functions are shown in Fig. 5.
3HaAYEeHNsT NPOHNLIAEMOCTU, MOUHTEPBANBHOE Fig. 6 shows the results of the estimates, obtained
COMOCTAaB/EHNE KOTOPbLIX CO 3HAYEHUAMU MOPUCTOCTHN with the use of an initial hydrodynamic model and the
C nocneayuwmmM obobLLEHNEM HAa BCE CKBaXKMHbI model in which the permeability was estimated using
rnokasano, 4TO CBA3b MOPUCTOCTb — UCTUHHAS the method of non-reference measurements. As can
NMPOHNLAEMOCTb OMUCLIBAETCA PYHKLMEN be seen, the proposed method allows the immediate

achievement (without using the history matching
procedure) of a very good match of the estimated

28)  In k=0,92m—12 88 results with the field data.

The details of the generalised estimates, assuming a
CpaBHeHMe NCXOOHOM (26) 1 CKOPPEKTUPOBAHHOM random distribution of the values kg along the depth of
(28) MeTpPOOU3NHECKNX 3aBMCUMOCTEN NMpUBeaEHbI the formation (different h)) shall be reviewed in the next
Ha puc. 5. Ha puc. 6 npeactasieHbl pesynstaTsl publication on this issue.

pPac4eToB, MOy4YEHHbIE C NCMONb30BAHNEM
WMCXOOHOW rMapoanHaMmny4ecKomn Mogenn u Moaenu,

100

B KOTOPOWA MPOHMLIAEMOCTbL BblNa onpegeneHa no
MeToly 6€33TaNOHHbIX n3MepeHuit. Kak BuaHo,
NPEeASIOKEHHbIN HaMV METO[, NMO3BONIAET Cpagy
(6e3 mpoueaypsbl history matching) pobutbcsa o4eHb
XOPOLLIEro COBMAAeHsl Pe3ybTaToB Pac4eToB C
MPOMBICIOBLIMY JaHHbBIMU. 104
=

Hetann pac4eToB ¢ 0600LIEHNEM HA ClyYan o
HEePaBHOMEPHOIo pacnpeaeneHnst 3Ha4eHNi kg Nno z
rnybuHe nnacta (pasHble h)) OyayT pacCMOTPEHbI B
cnenyoLlen nyénmkaumm Ha aTy TeMy. T
3aknioyenme SRR 7’ e
MPenIoXKEeHHbIN anropuTM ONpeaesnieHrs Npodunsa o I
BEPTUKA/IbHOIO PacrpeaesieHs MPOHNLAEMOCTY /
MO>KET BbITb UCMOMB30BaH A8 NePeVHTEPNPETaLM ol +-q--r— e
pesynbTatos MAC ¢ y4eTOM JaHHbIX SKCMTyaTaLmm 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
CKBaXKWH. DTOT METO, KOPPEKTMPOBKW 3HAYEHW m, %
MPOHULIAEMOCTY MO3BONAET AOBUTLCA COOTBETCTBIS A6, NONIOHHLS 0 pE3yALTATAN AHANASA KopHA
MEX Y PACHETHON U pearbHON NPOVSBOANTENIBHOCTHIO m— /CXOLHAR NIETPOCDSECKAR SABUCMOCTS
CKBaDKMHbI, @ TaKXKe PeLUnTb 3aady afeKBaTHOro oo CTPoAenCHaR € noMoLLO
OMNMCaHUSA XapPaKTEPUCTUKY BbITECHEHNS HETU 13
nnacTa (KOPPEKTHOro pacHeTa AVHaMUKL OBBOAHEHNS Puc. 5. 3aBucuMocTb k = f (m):
MPOAYKLIAM CKBAXKNHI). 1 — McxoaHas NeTpPOoMU3NYecKas 3aBICUMOCTb (26);

2 — NeTPOdM3NHECcKas 3aBICHMOCTb, OMpeaesieHHas
Ha npumepe peanbHOro MeCTOPOXAEHNIS MOKa3aHo, C MOMOLLBIO METOZA GE33TANOHHBIX BMEPEH (28)
HTO NPYMEHBHVE NMPEANOXEHHOro anroprtMa npu (TOYKaMM MPEACTaBNEHb! AaHHbIE, MOMYHYEHHbIE MO
cospaHnn 3D rugpognHamMnyecknx Mogenen naet pesyrbTaTam aHanmaa KepHa)
BO3MOX>XHOCTb NOJIy4MTb XOpoLlee HavanbHOe Fig. 5. The relationship k = f (m):
NpUGAMKeHne K NCTopun paspaboTku 6es 1-initial petro-physical relationship (26); 2 — petro-physical
npoueAyps! history matching. Ipu BeIBOAE Kt04EBEIX relationship, estimated with the method of non-reference
COOTHOLLIEHNI, NeXalLlX B OCHOBE anropntma, bbino measurements (28) (dots represent the data, obtained on

coenadHo gonyuieHne O ToOM, 4TO TOJIWWHbI NHTepBaJ10B the basis of the core analysis results).
0OVHaKOBbIl. 3TO npegnonoXXeHne cooTBeTCTBYET

NpeacTaBeHnto reousanyeckon nHpopmMaLmm B

topmaTe LAS-aiinos. OfHako Takve daiinbl He Abstract _ o '

BCer/ja AOCTYMHbI, B CBA3M C YeM NPEANOKEHHbIN The proposed algorithm for estimating profiles of
MeTof TpebyeT 06OBLUEHNS Ha Clydai PasHO the vertical permeability distribution may be used
TONLLMHbI MPOCIOEB. for the re-interpretation of the GDHL results, with

an allowance for well operation data. This method
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0,3 1
0,25 1
0,2 1
0,15 1

0,1 1

0O6BOAHEeHHOCTb - Watercut

0,05 4

0,5 1 1,5 2
HakonneHHas fo6biya HedpTh, MAH. M3
Cumulative oil production, mil. m3

==~ [pombicnoBble AaHHbIe - Field dat
—A— PacyeTbl N0 ncxopHoi Moaenu - Initial model estimations
—— PacueTbl N0 cKoppekTUpoBaHHoW Moaenu - Adjusted model estimations

Puc. 6. PesynbTtartsl pacHeToB C NMOMOLLIO MCXOOHOM U
CKOPPEKTUPOBAHHOM MOOENEN

Fig. 6. Results of estimates obtained with the help of the
initial adjusted model
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of permeability value correction allows us to achieve
conformity between the design (estimated) capacity
and the true well production capacity, and also for the
solution of problems such as adequate descriptions of
the characteristics of oil production from the reservoir
(correct estimation of water encroachment dynamics).

On the basis of examples from the actual oil field, it was
shown that the application of the proposed algorithm for
the construction of 3D hydrodynamic models allows for a
good initial match with the development history, without
using a “history matching” procedure.

When deriving the key relationships, which form

the basis of the algorithm, it was assumed that the
thickness of the intervals were equal. This assumption
complies with the presentation of the geophysical
information in the LAS-file format. However, such files
are not always available, and therefore the proposed
method requires generalisation for cases where there
are varying thicknesses in the intermediate strata.
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