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[MNACTOBbBIE MCCJIELAOBAHWA:
FPVIHLNPIVATIBHBIE OCHOBbBI METOLVIK
OCTPOEHVA ALEKBATHLIX MOAESEN
KOMIMNOHEHTHOI O COCTABA 1 DN3VIKO-
XVIMINHYECKIIX CBOVICTB HED TV

RESEVOIR ANALYSIS: CONSTRUCTING
ADEQUATE MODELS OF FRACTIONAL ANALYSIS
AND THE PHYSICAL/CHEMICAL PROPERTIES OF OIL
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3HaHWs O KOMMOHEHTHOM COCTaBe U PU3NKo-
XUMWNYECKMX CBOMCTBaX HEDTN MCMNONBb3YOTCA BO
MHOIMX 001acTaxX HEPTAHOW HaAYKK ONSA peLleHns
O0MbLLOro Kpyra npakTnyiecknx 3agad. Npudem Bo
BCEX C/ydasax cBONCTBa HETN UCMONb3YIOTCA B BUAE
Moaenen. o aTon npuyYnHe BCcerga BCTaeT BONPOC
06 afiekBaTHOCTN MOAENN CBOMCTB peasibHbIM
3HAYEHNAM CBONCTB HEMTH.

Mopfennm KOMMNOHEHTHOrO cocTaBa U PU3nKo-
XUMNYECKUX CBONCTB M1acTOBOM HEDTHU
NCNOMb3YTCA O PELUEHNA BOMPOCOB
MPONCXOXAEHNA HEDTU, OCODEHHOCTEN MPOLIECCOB,
KOTOpbIE MPOUCXOOAT C HEW MpU MUrpaLmm 0o
NPUPOLHLIX TIOBYLLEK, B KOTOPbIX HEPTb HAXOAUTCS
B HACTOsLLEe BPeMS, CTEMEHN €€ U3MEHEHNS

B MPOLEecCe XpaHeHns, N3y4eHns pesynsTaTtoB
BO3[EeNCTBUA Ha COCTaB 1 CBOWCTBA TEX NMPOLLECCOB,
KOTOPbIE MPOUCXOLAT MPU XPaHeHU 0TOBPaHHbIX
npo6 HedTK, Npu nabopaTopHbIX NCCNefoBaHNAX

n T.0. Cpedn npakTn4ecknx 3agad, oAns peweHus
KOTOPbIX MCMOb3YIOTCA 3HAYEHNA CBONCTB
njacToBOW HETU, MOXKHO B MEPBYIO 04Yepelb,
OTMEeTUTb MOACHET 3anacoB yrneso4oponos
onpeneneHns KoaduumMeHTa BbITECHEHNA €€ BOOOM
npu NabopaTopHbIX SKCNEPUMEHTaxX U T.4.

CnepoBaTenbHO, MapamMeTpbl MOAENN COCTaBa U
PUBNKO-XUMNYECKMX CBONCTB N1acTOBOM HEDTH
onocpenoBaHo BAMSIOT Y HA OLLEHKY MHBECTULIMOHHOWN
NPUBEKATENbHOCTX NpoeKTa No Aobbl4e HedTH
KOHKPETHOMO MECTOPOXOEHNS.
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Knowledge of fractional analysis and physico-
chemical properties of oil is used in many areas of
petroleum science to tackle a multitude array of
practical issues. Again, in many cases, the properties
of oil are used as a model. And this always brings up
the question of whether the chosen model reflects
the real values of the properties of ail.

Models of fractional analysis and physico-chemical
properties of in-place oil are used for solving the
problems of oil origin, the specificity of processes
that occur in oil before it migrates into traps where it
currently resides, the degree of change it undergoes
during storage, and the study of the impact on

its composition and properties of processes that
occur during storage of selected oil samples during
laboratory investigations, etc.

Among the hands-on tasks that involve the use of
values of in-place oil properties, mention should

be made in the first place of reserves assessment,
calculation of oil recovery factor during lab tests, etc.
Hence, the parameters of the model describing the
fractional analysis and physico-chemical properties
of in-place oil indirectly affect the assessment of the
investment appeal of an oil production scheme at a
specific field.

Models of fractional analysis and physico-chemical
properties of mobile oil are used in hydrodynamic
simulation of the oil displacement process, selection
of relevant displacement technology, they are
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Mopenn coctaBa U PU3NKO-XUMUHECKINX

CBOWCTB MOABWXXHOM HEDTU NCNOMABL3YHOTCA NMpun
rMAapoanHaMM4YeCKOM MOOENMPOBaHUM MpoLecca

€€ BbITECHEHUS, BbIOOPE TEXHONOMUI BbITECHEHNS,
YUNTBIBAKOTCS B TEXHUYECKNX TPEBOBaAHMUAX

K 060pyaooBaHMO Ans Oo0blHKn, MOArOTOBKM,
TPaHCNOPTUPOBKN HEDTU, BbIBOPE TEXHONOMMHECKNX
PELLUEHWI MPOMbIC/IOBOM MOArOTOBKM HEDTU U T.4.

Mopenn coctaBa U PU3NKO-XUMUHECKINX

CBOWCTB TOBapHOW (pa3ra3mpoBaHHOm) HehTun
NCNONB3YIOTCA NPU PELLEHNN BONPOCOB XPaHEHNUS
N MarmcTpasnbHOro TpaHcnopTa HedTH, Bolbope
TexHonornm n obopyagoBaHua A5 ee nepepaboTku,
BNSAIOT Ha NPOLECC ONTUMMU3aLMM HOMEHKNAaTypbl
nony4aemMom NpoayKummn.

13 BbILLENEPEYNCIEHHBIX MOAENEN B HACTOSLLEE
BpeMS Hanbonee OOCTOBEPHO OTparkatoLWMmMm
peanbHbIl 06BEKT ABNAKOTCA MOAENN
KOMMOHEHTHOIO cocTaBa U (PU3NKO-XUMNYECKNX
CBOWCTB pasrasnpoBaHHom HedhTu (B cuay
dur3nyeckon JOCTYNHOCTN B NtOHOM 0bbeme

N XOpOLWOo oTpaboTaHHbIX METOAOB 0T6Opa U
nccnegoBaHus nNpob).

3Ha4nTENbHO MeHee afeKBaTHbl MOaeNn (MU3NKOo-
XUMUYECKNX CBONCTB NOABUXHOW HEDPTU peanbHOMY
06bEKTY UCCnefoBaHnsa No NpuUYnHe psaa
OrpaHnYeHnin Ncnonb3yembix MeToank oTbopa Npobd
9TOM HeETU Ha pasdfYHbIX 3Tanax paspaboTKu
MecTopoxaeHus [1].
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also incorporated into technical requirements

for equipment for oil production, treatment and
transport, and considered when choosing process
solutions for oil field processing of petroleum, etc.

Models of fractional analysis and physico-chemical
properties of commercial (degassed) oil are utilized
in addressing the issues of storage and delivery of
oil via trunk pipelines, selection of technologies and
equipment for its processing, and affect the process
for optimizing the range of obtained products.

From the above-mentioned models, models of
fractional analysis and physico-chemical properties
of degassed oil are currently the best-fit models

that reliably reflect the actual object which is due to
physical accessibility of oil in any volume, and the well-
developed methods of taking and testing of samples.

Models of the physico-chemical properties of

mobile oil are far less adequate to the real object of
investigation due to a number of constraints imposed
on methods deployed for drawing samples of this oil
at various stages of oil field development [1].

There are currently no adequate models of in-place
oil by reason of lack of procedures and devices for
taking in-place oil samples.

To a large extent this is due to the fact that in
regulatory documents and technical literature there is
no clear-cut distinction yet between the terms : “in-
place oil” and “mobile oil”.
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ALEeKBaTHbIX MOAENEN NNacTOBON HEPTK B
HaCTOSLLMA MOMEHT He CYLLEeCTBYET N0 NPpUYnHe
OTCYTCTBUA METOOMK N TEXHUHECKNX CPEACTB OIS
oTbopa Npob nnactoBon HepTK. BO MHOrom aTo
OOBACHAETCS TEM, YTO B HOPMATUBHbIX AOKYMEHTAX U
TEXHUYECKOW NnuTepatype He NPOBEAEHO pasfeneHuns
TEPMUHOB: «MNacToBas HePTb» N «NOABUXHAA
HeTb». CMbICNT TEPMUHOB «MacToBasd HEMDTb» U
«MOABWMXXHAA He(PTb» HE COBMadatoT, T.K. B COCTaBe U
3HAYEHUSAX PUSUKO-XUMUYECKMX CBOMCTB N1aCTOBON Y
NOABWMPKHOM HEDTU MMEETCA CYLLECTBEHHAA pasHMLa,
nokasaHHas B pabote [2]. [NoasuxHas HedTb ABNAETCA
TONBKO OAHOW N3 COCTaBNANOLLMX MNAacTOBOW HEDTH,
MO3TOMY 3HaYeHUs NX CBOMCTB He coBnagatoT. Ha
3TOM MPUMEPE MOXKHO OLIEHUTb MEPBOCTEMEHHYO
BaXXHOCTb BbIPabOTKN HEOOXOONMbBIX TEPMUHOB W X
onpefeneHnin, KOTopble 3aTeEM 3a4at0T HanpaBieHNs
JanbHenLWnxX nccnegoBaHnin BO MHOMMX 061acTax
HeTAHOM HayKM 1 NPaKTUKN.

[MnactoBas HEMTb ABASETCA NPUPOAHON CUCTEMOWN,
1 MO3TOMY €€ KOMMOHEHTHbIN cocTaB U PU3MKO-
XUMUYECKME CBONCTBA HE MOTYT 3aBUCETb OT
TEXHOOMNM HEDTEN3BNEYEHUSA, METOLOB €€
nccnegosanua v T.4. o 9TMM NpuYnHam Npouecc
MOCTPOEHNA MOAENN (DUBUKO-XMMUNYECKMX CBONCTB
1 KOMMOHEHTHOro cocTaBa NnacTtoBom HedTK

ONs1 KOHKPETHOro 06bekTa pas3padoTky OOMKEH
OblTb MakCUManbHO HE3ABUCUM OT TEXHOMEHHOIO
BO34ENCTBUSA Ha NNacTOBYO HEMThb.

B pencTteyoWwmMx HOPMATUBHbBIX JOKYMEHTax NOHATUS
«macToBasd He@Tb» U «NOABMXKHAA HEDTb» He
pa3genstoTcs. 3HAYeHNs CBOMCTB NOCAeQHEN
M3MEHSIOTCS B TEYEHNE Pa3padOoTKN 3aexu,

a Tak>XKe 3aBUCAT OT BbIOPaHHOM TEXHONOIN U
napameTpoB npouecca HedTenssnedeHud. MosTomy
B NpakTuke, otbupas n nccnegys npoodbl NOOBUXXHOMN
HedTN, MONYYEHHbIE PE3ynbTaTbl OTOXAECTBNAOTCS
CO CBOWCTBaMW NacTtoBOn HepTK 6€3 HeO6XOAMMOro
060CHOBaHNA. A MOCKONBbKY (MPUSNKO-XUMUYECKINE
CBOWCTBA NOABMXXHOW HEDTM B NpoLecce pas3paboTku
3aEXN MEHSIKOT CBOM 3HAYeHNS [3], TO 3TO TakKe
[0Ka3bIBAET (haKT HEPABEHCTBA 3HAYEHU (DN3NKO-
XUMUHECKME CBONCTBA MaCTOBOM W NOABVXKHOM HEDTU.

VIHdhopMaLMOHHas CTPYKTypa niacTtoBOW HedTuU
n3noxkeHa B paboTe [2]. HeobxoanmocTb B
paspaboTke TakOW CTPYKTYpbl 06yCnoBneHa
NPUYMHaAMU, OCHOBAHHbBIMW Ha Pasn4YHbIX MeTogmMKax
N3YYEeHUS 1 NEPCOHNMPULNPOBAHHON OLEHKE

OONN KaXXA0W COoCTaBNALLEN NnacToBON HedTH.
CornacHo nNpeafIoXKeHHOM CTPYKTYpe, NnactoBas
HedOTb pPasfensaeTcst Ha NOABVIKHYIO U HEMOABVXKHYHO
cocTaBnsaoLme. [epBas, B CBOKO o4vepedb, pasfeneHa
Ha U3BMIEYEHHYIO MOABVIKHYIO Y HEN3BIEHEHHYIO
NOABWKHYIO HeTb. HenoasukHast HehTb COCTOUT N3
CNenyroLMX COCTaBAALLMX: HEPTU afcopPOUpPOBaHHOM

26 | ROGTEC

The meaning of the terms “in-place oil” and “mobile
oil” do not coincide because both in the composition
and values of the physico-chemical properties of
oil-in-place and mobile oil there is a substantial
difference as shown in paper [2].

Mobile oil is only one of the components of in-place
oil and therefore the values of their properties do not
coincide. This example demonstrates the exceptional
importance of working out relevant terms and their
definitions which then set the scene for further
research in many areas of petroleum science

and practice.

In-place oil is a natural system and for this reason its
fractional analysis and physico-chemical properties
cannot be governed by the technology of oil recovery,
methods of its study, etc.

Therefore, the process of generating a model of the
physico-chemical properties and fractional analysis of
in-place oil for a specific production facility should be
maximally independent of the technogenic impact on
oil in-place.

The notions of oil in-place and mobile oil are not
treated as separate entities in applicable regulatory
documents. The values of properties of the latter tend
to vary during the period of oil field development and
are also a function of the technology deployed and
parameters of the recovery process.
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MOBEPXHOCTbLIO KOINEKTOPA, HEPTW, HAXOAALWENCS B
CTPYKTYPUPOBAHHbIX CNOSIX, N HEDTU, HAXOOALLENCS
BHE 30H OPEHNPOBAHMS 3anexu.

CocTaB 1 HhUBMKO-XUMNYECKME CBOMCTBA MOABVXKHOWN
N3BIEYEHHOM COCTaBASIOLLEN NNACTOBOW HEDTU
n3y4aeTcs nyteMm otbopa 1 UccnenoBanHus riyOuHHbIX
NN PEKOMBUHMPOBAaHHbBIX MP06 HEDTH, OTOBUPaEMbIX
13 NPOAYKLMM A0ObIBatoLLEN CKBaXKMHbI. CocTas

1N PUINKO-XUMUYECKNE CBONCTBA HEVNSBIIEHYEHHON
NOABW>XHOW COCTaBMSOLLEN NNACTOBOW HED TN
9KCMEPUMEHTaNBHO HE N3Y4eHbl, HO MOTYT BbITb
NoyYeHbl pacHeTHbIMU METOAaMU (IKCTpanonsaUmen
3Ha4YeHU CBONCTB U3BNEYEHHOM NOOBUXHOM HEDTN).

CocTaB 1 hUBMKO-XUMNYECKME CBONCTBA HeddTH,
HaxoAsLLencs B afcopOLMOHHbBIX CIOSIX Ha
MNOBEPXHOCTW KOEKTOPA, B CTRPYKTYPUPOBAHHbIX
CINOSIX, HAXOASALLMXCS BOM3W NMOBEPXHOCTM KOMNEKToPa,
N3y4atoTCs C NOMOLLBIO NabopaTopHbIX METOA0B
nccnegosanus. [Npy 9TOM B 3KCNepUMEHTaX

TakXXe NCMOoMb3YTCA PU3NYECKME MOAENN
COOTBETCTBYIOLLEN COCTaBNAOLLEN NNACTOBOMN
HedTn. CocTaB 1 CBOMCTBA HETU, HaxodsLLencs
BHE 30Hbl OPEHNPOBAHMS COOTBETCTBYIOT COCTaBY U
HUBNKO-XUMNHECKIM CBONCTBAaM MIacTOBOM HE(MTU Kak
Hen3MeHeHHOro obbekTa B TedeHue

paspaboTKM 3anexu.

And thus, in actual practice, while taking and

testing mobile oil samples the obtained results

are identified with the properties of in-place ail
without any appropriate substantiation. And since
the physico-chemical properties of mobile oil are
known to change their values [3] in the process of
field development, then this also proves the fact that
there is a disparity in the values of physico-chemical
properties of oil in-place and mobile oil.

The information structure of in-place oil is presented
in the study [2]. The need for developing such
structure is dictated by reasons based on different
methods of study and personalized estimate of the
fraction of each in-place oil component.

According to the proposed structure, in-place oil is
divided into mobile and immobile components. The
mobile component is divided, in turn, into recovered
mobile and non-recovered mobile oil.

The immobile oil consists of the following
components: oil adsorbed by the reservoir surface,
oil residing in structured layers and oil located
beyond the deposit drainage zone.

The composition and physico-chemical properties
of mobile recovered component of in-place oil are
studied by taking and investigating bottom-hole
or recombined oil samples from the products of
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B cnoxuBluencs npakTnke nccnegoBaHuin, Korga
Kaxxgasa U3 COCTaBNSHOLMX NNacTOBOM HedTH
nccnegyeTcsa No CBOMM METOAMKAM, MOMydYeHne
ajekBaTHOW Moaenn ee coctasa n HU3NKO-
XUMUYECKMX CBOMCTB BOSMOXXHO NULLL NYyTEM
CMHTEe3a MHpopMaLMmM 0 OONSAX U CBONCTBaxX BCEX
COCTaBNSAOLWMX.

HaHHasa meTofuka NnoCcTPOeHNs Modenn coctasa u
PUBNKO-XUMUYECKINX CBOMCTB NacTOBON HEDTU
npuBeneHa B paboTax [2, 4]. Npu noacyeTe 3anacos
YyrneBoAopO0B UCMOb30BaHNE NOACHETHbIX
napamMeTpoB M1acToBOM HEPTU C NapameTpamu
NOABMXHOM HEDTM NPUBOAUT K NOrPELLHOCTH
PE3ybTaTOB pacyeTa reofIorm4ecKrx 3anacos.

[Npu TakoM Noaxofe pesdyneTaTel NOACHETA 3aNacoB
YyrneBofopO40B UMEIOT MEHbLLYIO OCTOBEPHOCTD,
BCNenCcTBME YEro 3anachl HEPTU, Kak Npasuno,
NoAy4alnTCa 3aHW>XEHHbIMK (NA rpynn nnactos b u
KO mecTopoxaeHun 3anagHon Cunbupun Ha 10-20%), a
3anacbl HePTAHOro rasda — HECKOJIbKO 3aBbILLEHHbBIMN.

B reonoro-rugpognHaMm4eCKoOM MOAENNPOBaHNN
npouecca HePTEBLITECHEHWSI UCNOb3YETCS MOAESb
PUBNKO-XUMNYECKNX CBONCTB NOABUXHON HEDTU.

B HacTosee BpemMs NPUHATO, YTO AaHHas MOAesb
cTatuyHa. MHOrOYUCNEHHBIMY NCCNENOBAHNSAMU,

B TOM 4YMCSIE N OCHOBAHHbIMU Ha pedynbTaTax
crneumanbHO NOCTaBNEHHbIX MPOMbICIOBbLIX
SKCMNEPUMEHTOB, MPOBEAEHHbIX B Pa3NYHbIX panoHax
Poccuun, yctaHoBNEHO, YTO COCTaB 1 3HAYEHUS
PDUBNKO-XUMNYECKNX CBONCTB NMOABUXHON HEDTU
N3MEHSAIOTCH B NpoLiecce pas3paboTKn 3anexu, a Tak
>Ke VMetoT 3aBUCMMOCTb OT NapaMeTpoB pexmnma
pPaboTbl CKBaXMHbI.

VIHdopmaunto 0 peaynbTartax 3TUX NCcnengoBaHni
MOXXHO MoYepnHyTb B paboTax [2, 3,5,6,7, 8,9,

10, 11,12, 13, 14] n gp. OTCcloga cnegyeT BbiBOA,
4TO MapameTpPbl MOOENN cOCTaBa U CBOUCTB
NOABWMXXHOM HEDTU HECTALMOHAPHbI, UMEIOT

SABHYKO 3aBUCUMOCTb OT BbIOPAHHOM TEXHONOMMN
HedTegobbl4n, CTENEHN MHTEHCUBHOCTM
BO3AENCTBUA MeTO40B HEDTEBLITECHEHNSA U T.4.,
4TO HEODOXOOMMO Yy4MUTbIBaTb NPU €€ NOCTPOEHUN.
COBOKYMHOCTb METOAMK y4eTA U3MEHEHUIN 3HAYEHUIA
PUBUKO-XUMNYECKNX CBONCTB MOABMXKHOW HEDTH,
npoucxoasmx B Nnepmon paspaboTku 3anexu,
KOoTOopas y4nTblBAeT BAUSHUE OCHOBHbIX TEXHOMEHHbIX
BO3OENCTBUIN, N3NoxeHa B paboTax [2, 3, 12, 13, 14].
[NocnencTenaMn MCNONb30BaHUA MOENEN

CcoCTaBa 1 CBOWUCTB MOABMXHOW HEDTU, He
YUNTbIBAKOLWMX OMHAMUKY UX NBMEHEHUI MPU
pa3paboTke 3anexu, SBNAeTCst CHMXKeHne

Ka4ecTBa reonoro-rmapoanHaMmn4eckmx Moaenemn
npouecca HeTEBLITECHEHMS, B OCODEHHOCTI ONa
3anexen, pazpabaTbiBaeMblx Ha NO34HEN CTagum
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producing oil well. The composition and physico-
chemical properties of non-recovered mobile
component of in-place oil have not been studied
experimentally, but can be obtained computationally
by extrapolating the values of recovered mobile oil
properties.

The composition and physico-chemical properties of
oil located in adsorption layers on reservoir surface,
in structured layers in the near-surface zone of

the reservoir are studied by means of laboratory
investigation methods. Physical models of the
corresponding in-place oil component are also used
in the experiments. The composition and properties
of oil located outside the drainage zone correspond
to those of in-place oil as an immutable object during
the life of a field.

In practice, however, when each in-place oil
component is investigated by its own technique,
acquiring an adequate model of its composition and
physico-chemical properties is feasible only through
synthesis of information about fractions and the
properties of all components.

This method of generating a model of composition
and physico-chemical properties of in-place oil

is cited in reference [2, 4]. Using volumetric data

for in-place oil with parameters of mobile oil when
calculating hydrocarbon reserves may bias the results
of estimation of geological resources.

With this approach the results of calculating the
hydrocarbon reserves indicate a lesser reliability and
hence oil reserves are usually understated

(for the groups of beds B and Yu of deposits in
Western Siberia by 10-20%) while the reserves of oil
gas are somewhat overstated.

A model of physico-chemical properties of mobile oil
is utilized in geological and hydrodynamic simulation
of the process of oil recovery. Today it is an
established fact that this model is static. It has been
established by numerous investigations including
those based on the results of dedicated field
experiments conducted in different regions of Russia
that the composition and values of physico-chemical
properties of mobile oil tend to change in the process
of field development and are also contingent on
operating parameters of the well.

Information on the results of these investigations
can be gleaned from works (2, 3, 5, 6, 7, 8,9, 10, 11,
12, 13, 14] and elsewhere. From this it follows that
parameters of the model describing the composition
and properties of mobile oil are non-stationary, are
clearly dependent on selected technology of ail
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skcnnyataumn. B page cnyyaes, NpoLecc HaCTPONKN
reofIoro-ruapoavHaMmny4ecKon Mogenu npotecca
HedTeBbITECHEHNA HE MNPUBOOUT K XKENTaeMoMy
pe3ynbTaTy 6e3 y4eTa ABAeHNs UBMEHUMBOCTN 3HAYEHUI
PUBNKO-XUMUHECKNX CBOVCTB NMOABVXKHOM HEDTU.

CornacHo BbiBogam paboTbl [15], 4N AOCTUXEHUSA
HeobxoanmMomn ToYHOCTU (x10%) nonyyeHus
nokasaTtenen pas3padboTKu Npu pacyeTe
rMapPOAMHaAMUYECKON MOENN NMPOLECCA BbITECHEHMS
HedTW, NapaMeTpbl, XapakTepuayoLne 3Ha4eHNs
PUBNKO-XNMUYECKINX CBONCTB HEPTU, AOIIKHbI

ObITb ONpeaeneHbl CO CNeaytoLen TOYHOCTbIO:
NIOTHOCTb HEPTU +1%, BA3KOCTb +4%, 06 bEMHbIN
KOS PuumeHT HedhTU £3%. PUSNKO-XUMUYECKNE
CBOWCTBa NMOABMXHOW HEPTU B NpoLEecce
pa3paboTky Ha MecTopoXaeHnax 3anagHon Cubnpn
MEHSIIOT CBOM 3HAYeHMs B ropa3ao HoabLInX
npegenax (MpYMepbl MOXXHO MOYEPMNHYThL B paboTte
[3]). Bonpoc o BennynHe 06beMHOro KoahduumneHTa
(koathuumeHTa 06 BEMHOIO PacLLUNPEHKS) NNacTOBOMN
HedTW OCTaeTCs OTKPbITbIM MO MNPUYNHE OTCYTCTBUSA
MOaenn nnacToBom HedTu. [epBble MOMNbITKK
NOCTPOEHUS MaTeMaTUYECKON MOAENN NNacTOBOM
Hed TV NpuBeaeHbl B paboTax [2, 3].

Bonpoc o pazgeneHun nnactoBom He@TK B 30HE
OPEHVNPOBAHNS MEXAY NOABUXHOM 1N HEMOABUXXHOW
€€ COCTaBNSALLMMM UMEET CAMOCTOATENBHOE
3Ha4YeHne, Tak Kak Ux 0OIM PacCHMTbIBAKOTCS

Ha OCHOBE KO dULMEHTA U3BEYEHNS HEDTHU
(KNH), ocHoBOW pacyeTa KOTOPOro ABASETCA
SKCNepuUMeHTabHO NoflyHaemMbll KOSHOULMEHT
BbITeCHEHUSA HeDTK BOAOW. [ANnga onpeneneHns

KO3 PULMEHTA BBITECHEHWA HE(DTY BOAOW TakxXe
HeoOX04MMO UCMONb30BaHNE PUNHECKON MOOENN
nnacToBOW HEOTU, a HE MOAENN €€ MOOBVXKHOM
COCTaBMAOLIEN, KaK 3TO AeNaeTcs B AaHHbI MOMEHT.

MNpwn ncnonb3osaHum gencreyolero OCTa 39-195-
86 [16], 3agaven KOTOPOro ABASAETCA pernameHTaums
paboT Mo onpeneneHnto KoahdUUNEHTA BbITECHEHNS
Hed T BOOOW, MONyYeHNE OOBEKTUBHBIX PE3YNbTATOB
onpeneneHns gaHHoOro KoaduumeHTa HEBO3MOXXHO
no psay npudnH. MNyHskTom 1.5 HacToswero OCTa
ON1s1 NPOBEOEHUS MCCNegoBaHUn HOPMUPYETCS
NCNob30BaTb 6E3BOAHYIO MAACTOBYIO HEDTb UK
N30BUCKO3HYO MOAEb MNacTOBOW HEDTU, a Tak Xe
[OMNyCKaeTCca UCNOb30BaTbh PEKOMOUHMPOBAHHbIE
Npobbl NIacTOBOW HEPTU.

MNepBasi HacTb 3TOro TpeboBaHWUst HEBLINOMHUMA MO
TOW NpUYMHE, 4TO MPOBy NNacToBOM HEPTU Ha AAHHOM
aTane pasBuUTUS HayKn 0TobpaTb HUKOMY MoKa eLle He
yaaBanochk. [JOCTUrHyTble BO3MOXHOCTM METOA0B U
NPOB0OOTOOPHON TEXHMKM MO3BOASIOT OTOBPATb TOSIbKO
Npo6y NOABVXKHOM COCTaBNAMOLLEN MIACTOBOM HEDTH,
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production, the degree of impact of oil displacement
methods, etc which should be considered during
model generation. The sum total of the methods

to account for changes in the physico-chemical
properties of mobile oil that occur during the period
of field development which makes allowance for the
impact of main technogenic effects is presented in a
list of works cited [2, 3, 12, 13, 14].

A lower quality of geological and hydrodynamic
models of the process of oil displacement, especially
at the fields under the late stage of development is
the upshot of using models of the composition and
properties of mobile oil that ignore the dynamics of
their change during field development.

In a number of cases, history matching of the
geological and hydrodynamic model of the oil
displacement process fails to bring the desired result
without considering the phenomenon of variability of
values of the physico-chemical properties of mobile oil.

According to the conclusions drawn by researchers
in the study [15] in order to achieve the required
accuracy (x10%) of field development indices while
computing the hydrodynamic model of the process of
oil displacement, the parameters featuring the values
of the physico-chemical properties of oil should be
defined with the following accuracy: oil density +1%,
viscosity +4%, oil formation volume factor +3%. The
physico-chemical properties of mobile oil during the
process of development at the oil fields in Western
Siberia vary in their values over a far greater extent
(examples are provided in work [3]). The question

of the value of in-place oil volume factor remains
undecided due to lack of formation oil model. The
first attempts at generating a mathematical model of
oil in-place are outlined in a list of works cited [2, 3].

The question of separation of in-place oil in the
drainage zone between its mobile and immobile
components is a separate issue since their fractions
are calculated using the oil recovery factor (ORF)
whose calculation is based on an experimentally
obtained coefficient of oil displacement by water.
To determine the coefficient of oil displacement it is
essential that a physical model of in-place oil should
be used rather than its mobile component model as
is the current practice.

When using the currently effective OST 39-195-86

[16] whose objective is regulation of jobs to determine
the coefficient of oil displacement by water, obtaining
objective results in defining this coefficient may be
impossible for a number of reasons. The clause 1.5 of
this OST prescribes using dry crude oil or isoviscous
model of formation oil to conduct the studies and use is
also allowed of recombined samples of oil in-place.
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B PA3BEOKA

1 TO C Pa3nNnNYHOW CTEMEHBIO AOCTOBEPHOCTU.
Vicnonb3oBaHme N30BMCKO3HOW MOAENW NaCTOBOM
Hed TV He NULLIEHO CNeayoLLIMX HEJOCTaTKOB.
[ockonbky NapamMeTpbl NNacTOBON HEPTU HEUSBECTHI,
TO MapameTpbl N3OBUCKO3HOM MOAENM NOAOMPatOTCS
nof4 napameTpbl MOAENN N3BNEHYEHHOW MOOBVXHOM
HedTN. B ka4ecTBe OCHOBbLI MOAeNn 6epeTca obpasel,
pPasrasmpoBaHHOM HEMTU, CHKEHMA 3HAYEHWI
BA3KOCTM KOTOPOro ANst AOCTUXKEHUS paBeHCcTBa

CO 3HAYEHUSAMN BASKOCTW MNOOBWKHOM HE(TH
nobuearoTcs nytemM 0o6aBneHns B HEro OpraHn4ecknx
pacTBopuTenen. Bcneacteme 3Toro B MU3OBUCKO3HOW
dhrsn4eckon mogenu obpasyeTca HECOOTBETCTBUE
COOTHOLLEHUIN paKkLmim MOAENM NNACTOBOW HEDTU:
MOSIHOCTBIO OTCYTCTBYET ra3zoBasi CocTaBnstoLLas,
HegocTaTo4Ha

0ONS TSHKENbIX
hpakumin, KoTopble
B MNOBbILLEHHbIX
KonnyecTBax
cofep>katcs B
CTPYKTYPUPOBaHHbIX
CNOsIX N1acToBOM
HedTn. Jonsa HedTu,
HaxoasLascs B
CTPYKTYPUPOBaHHbIX
CNosAX 3aBUCUT

Kak OT CBOWCTB
KONMeKTopa, Tak n
OT CBOWCTB HeE(TU
1, NO MHEHUIO
aBTopa paboTel [17],
B onpeneneHHbIx
cny4asx MoxeT
OblTb BECbMA
CYLLECTBEHHOMN.

HecMoTps Ha «COOTBETCTBUE» BASKOCTHbBIX
XapakTEPUCTUK MoZenen HeTu, KOIMPULIMEHT
MOBEPXHOCTHOIO HATSXKEHUSA Y M3OBUCKO3IHOW
MOZENV NIacTOBOW HEPTU ONPEOENEHHbIN
KanunisipHelM METOAOM, B NONTOpa — ABa

pasa Bblle, YEM Y MOLESN MOABMXKHON HEdTH,
onpeneneHHbIn MPY OANHAKOBbLIX TEpMOBapUYeCcKnx
ycnoBusx. [MosToMy 1 KosdULMEHTbI BbITECHEHUS
3TUX XKUOKOCTEN (MBOBUCKO3HOM MOAENN N MOOENU
NoABVKHOW HeEDTM) BOAOW ByayT MMeTb pasHble
3HaYeHUs.

HeobxoanmMo OTMETUTb, YTO NPU UCMOb30BaHUM B
SKCMePUMEHTaxX MOAENM MNacToOBOM HehTU (KOTopast, Kak

npaBuno, nmeeT 6onee BbICOKME 3HA4YEHUS MNOTHOCTA U
BA3KOCTW MPW rMaCToBbIX YCJIOBUAX, a TaK XXe MeHbLLee
OTHOCUTENBbHOE COoAepPXXaHME NNErKNX KOMIMOHEHTOB B
CBOEeM COCTaBe, 4YeM noasrKHasA HeCDTb) pasHnua B

3HaYEHNAX KOS MDULIMEHTA NMOBEPXHOCTHOMO HATSXKEHNS
MexXay MOLESbIO NacTOBOM HEPTU 1N MOOESBIO
M30BUCKO3HOM HEDTW AOSKHA CHUSUT b CA.
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The first part of this requirement is impossible to
implement if only because no one has yet succeeded
in taking a sample of in-place oil at the present stage
of scientific development. The current potential of
available methods and sampling technology allow one
to only take a sample of mobile component of in-
place oil and even then with varying degree

of validity.

The isoviscous model of in-place oil is not devoid of
the following drawbacks. Since parameters of ail in-
place are unknown, the isoviscous oil parameters are
selected to fit those of recovered mobile oil model.

A sample of degassed oil is taken as a basis for

the model and organic solvents are added to it to
reduce its values of
viscosity until they
are equal to those
of mobile oil. As a
result, a disparity

in the fraction ratio
develops in the

£ isoviscous physical
model with regard to
oil in-place model:
the gas component
is totally absent,
the portion of
heavy fractions is
insufficient which
are contained in
increased amounts
in the structured
layers of in-place
oil. The fractional oil
content of structured
layers depends on
both reservoir properties and the properties of oil
and, in the opinion of the study author[17] , may be
quite substantial in some specific cases.

Despite the “match” between the viscous
characteristics of the two oil models, the surface
tension coefficient of the isoviscous model of in-
place oil determined by capillary method is 1.5 -2
times higher than that of mobile oil model determined
under similar thermobaric conditions. Therefore,

the coefficients of displacement of these fluids (the
isoviscous model and mobile oil model) by water will
have different values.

It is also important to point out here that when

using in the experiments the in-place oil model
which, as a rule, features much higher values of
density and viscosity under reservoir conditions and
a lesser relative content of light components in its
composition than does mobile oil, the difference in



EXPLORATION M

Takum 06pasom, ANA SKCNePUMEHTaNbHOMO
onpefeneHnsa KosduumeHTa BbITECHEHNSA

Hed TN BOOOW OCTaeTcsa BapuaHT nogbopa

Moen HeTn PEKOMBUHMPOBAHBLIM CNOCOB0OM C
ob6a3aTeNlbHbIM YCIOBUEM COOTBETCTBUA NapamMeTpoB
PEKOMOUHNPOBAHHOM MOdeN HeOTN NapameTpam
MOEeNM NNacToBon HeTU. [ns AOCTUXKEHNA
HanbonblUen cTeneHn NPUbAMXeHn Nogbop
napameTpoB Takom U3n4ecKorm Mmogenn HeobxoamMmo
NPOW3BOAUTL MYyTEM KOMOUHALMWU OTAENbHbIX
hpakunn noasu>KHOM HedTN. NpeaBapuTenbHO
Heobxo4MMO NOCTPOUTb MaTEMATUYECKYIO MOLESb
cocTaa 1 OU3NKO-XUMNHECKMX CBONCTB MNacTOBOWM
HeTV N0 MeToAMKaM, NpUBEAEHHbIM B paboTax [2, 4].

Kak npasunno, npu co3gaHum TEXHONOMMYECKOM
OOKYMEHTaLMN HA OCHOBaHMM KO3 duumneHTa
BbITECHEHNS HEDTM BOOOW 3a4at0T 3HAYEHME

Takoro KVH, koTtopoe B 60bLIMHCTBE Cly4YaeB Npu
NPUMEHEHNN TOIbKO OHOM TEXHOMOMW BbITECHEHUS
Hed TN BOOOW OKa3blBAETCS HEOAOCTMXKNMbIM. [10oaTOMY
B MpakTuKe pa3padoTku ons OOCTUXKEHUSA 3a4aHHOro
3Ha4veHus KVIH gonoaHUTENBHO NPUMEHSIOT TakxXe U
Opyrne TEXHONOrMN: MMapopaspbis Nnacta, XMMNIHeCKne
METOOb! yBENUYEHUS HEDTEOTAAYM U T.4. STO Kak

pas 1 0oKa3blBaET, YTO NOMyYeHHasa B nabopaTopHOM
SKCMEPUMEHTE BEMNYMHA KOS MDULIMEHTA BbITECHEHWS
HeO T BOOOW 3aBblLLEHA.

[To HaLuemy MHEeHUIO, faHHas MorpPeLUHOCTh
BO3HMKAET 110 NPUYNHE NCMOMNb30BaHUA B
OKCNepUMeHTE MoJenn HeTn, HeageKkBaTHoOM

110 cBovicTBaM MaacToBor HehTU.AHann3npys
npuBeAeHHbIE BbILLUE Marepunarsibl, MOXHO cAaenatb
creayrowmne BblBOAbI:

e NS ganbHENLWero pa3BnTtma npouecca
nccnenoBaHMn KOMMNOHEHTHONO cocTasa u
DUSNKO-XMMUHECKMX CBONCTB M1acTOBOW U
NOABVXKHOM HE(DTU HeoBXxoaUMO CchopMMpPOoBaTh
1 HOPMNPOBATbL CUCTEMY TEPMUHOB N OaTb UX
onpefenenus;

® MO NPUYMHE HEBO3MOXXHOCTM O0THopa Npob
njacTtoBOW HEPTU ee COCTaB N 3HAYEHUS
DUSNKO-XMMUHECKMX CBONCTB SKCMNEepUMeHTasIbHO
He onpeaeneHbl, BCAeACTBME HYero HEODX0AMMO
MCNONb30BaTb PacYeTHble MeTOObl A4
MOOEeNNPOBaHNA CBONCTB NacTOBON HEDTWY;

® COCTaB M 3HavYeHUa PU3NKO-XMMNYECKNX CBONCTB
MOABVI>XXHOW HEMTU UBMEHAIOTCA B NMpoLLecce
aKcnlyaTaumm 3anexu;

® napamMeTpbl PU3NYeCKoN MOLENN, UCMOSIb3YEMOW
Oonsa onpeneneHnsa Kosd@uuUMeEHTa BbITECHEHWSA
Hed TV BOOOW, OO/MKHbI COOTBETCTBOBATH
rnapamMmeTpam MOAENM NNacToBOn HedTn C
MPUCYTCTBUEM B HEW KOMMOHEHTOB U dhpakuui,
HhaKTUYECKM UMEIOLLINXCS B NIacTOBOW HEDTU.

the values of surface tension coefficient between
the in-place oil model and that of isoviscous oil
should decrease.

Thus, if we consider to define experimentally the
coefficient of oil displacement by water there
remains an option of selecting an oil model through
recombination with mandatory condition that
parameters of the recombined oil model should
correspond to those of the in-place oil model.

To achieve the highest possible degree of
approximation, the selection of parameters of this
physical model should be done by combining the
individual fractions of mobile oil. It is necessary to
develop in advance a mathematical model of the
composition and physico-chemical properties of in-
place oil according to procedures outlined in
works [2, 4].

Usually when drawing up process documentation
based on the coefficient of oil displacement by water
the value of ORF is set such that it becomes virtually
unattainable in the majority of cases with the use of
only one technology of oil displacement by water.
Therefore, in development practice to achieve the
preset value of ORF other technologies are also
employed such as hydrofrac, chemical methods

of enhanced oil recovery, etc. This provides yet
another proof that the value of the coefficient of

oil displacement by water obtained in a laboratory
experiment is overstated.

It is our opinion that the error in question emerges
as a result of using in the experiment, an oil
model inadequate by its properties to oil in-place.
Analysis of the foregoing compels the following
conclusions:

e To further develop the process of investigations
of the fractional analysis and physico-chemical
properties of oil in-place and mobile oil it is
essential to establish and standardize a system of
terms and to provide their definitions;

e Because it was found impossible to take samples
of in-place oil its composition and values of
physico-chemical properties have not been defined
experimentally and in consequence it is necessary
to use computational methods to simulate the
properties of in-place oil;

e The composition and values of the physico-
chemical properties of mobile oil are prone to
change during field operation;

e Parameters of the physical model used to define
the coefficient of oil displacement by water must
correspond to parameters of in-place oil model
with the presence in it of components and
fractions that actually exist in the oil in-place.
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HoBaa thopmyna ycnexa: lpyiuen. BoinonHun paéory.
Ho6unca oTnnyHoro pesynbrara’

Hape>xHoe cunoBoe ob6opyaoBaHue AnA cambixX

pa3nuYHbIX yCNoBui paboTbl.

[pw BbINOMHEHNM PABOT MO BOCCTAHOB/EHIO CKBEXKVH
MPOCTOM HEAOMYCTUMBI. B TO >xe Bpemst, 6oMbLUIMHCTBO
MEePEMEHHBIX, BIIVSIIOLLX Ha YCIOBUS paboThl, HAXOAATCS
BHe Baluero KoHTpons. MpUMeHss CreLmanM3npoBaHHbIe
[OBviratenu 1 TpaHeMmcenmn cripmel Katepnivnnep Bol
CMOXKETE B35ATb CUTYaLMIO MOA, KOHTPOb. Hanmyne
COBPEMEHHbIX SMIEKTPOHHBIX Y3/10B, ObICTPOrO YCKOPEHYS,
BO3MOXXHOCTb [SIATENBHOM HEMPEPbIBHOM PaboTh! Mpu
MaKCUMaUTbHOM Harpy3Ke Y Apyre KOHCTPYKTVBHbIE
0COBEHHOCTY 1 MPEnMYLLIECTBA OBeCrevmBatoT
HEMPEB3ONAEHHYIO HAAEXKHOCTb 1 SPdEKTVBHOCTbL MW
BbIMOIHEHMM OMEPALWA MO BOCCTAHOBIEHIO CKBDKVH.
JTobble onepaLyv, BKito4asi PUrOTOBIIEHNE 11 3aKauKy
cmecy mpu MPTT, LemMeHTUpoBaHwe, KCoTHast 06paboTka,
JIOBUSTbHBIE U ApYrie paboThl MO BOCCTAHOBIEHNIO
CKBaXVH, Brarofiaps obopynosaHuo Kareprivnnep Oyoyt
BbIMOSHATLECS MaKCUMaUTbHO ObICTPO 1 KAHECTBEHHO.
Komnanvist Karepnmnnep mpuaaet TeXHUHECKOoM
NMOAAEOKKE HE MEHbLLEE 3HAYEHNE, YEM BHEOPEHNIO
MepefoBbIX Pa3paboToK M COBEPLLEHCTBOBAHWIO HaLLIE
npoayKLyn. NoaToMy Mbl BCeraa roToBbl MOMoYs Bam B
PELLEHMM BOSHVKAIOLLIX MPOBIEM.

[lononHUTENBHYIO HPOPMALMIO O TOM, Kak
cneunan13npoBaHHoe obopyaoBaHne Katepnnnnep
noMoXkeT Bam ahekTBHO BOCCTaHaBIMBaTb

CKBaXXVHbI MOXXHO MOJy41Tb, CBA3ABLUNCH C AMNIepOM

Caterpillar B Baluem pervoHe nnm noceTviB B3O-canTt
www.cat-oilandgas.com

[a3oBble gBuratenu B gnanasoHe
3(PHEKTUBHON MOLLHOCTM:
ot 71 kBT (95 n.c.) go 6100 kBT (8180 n.c.)

[usenbHble aBurateny B gnanasoHe
3pheKTUBHON MOLLHOCTM:
ot 31 kBT (41,6 n.c.) po 16 000 kBT (21 760 n.c.)
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