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Pestome

CTpoeHne KonnekTopa HehTn 1 rasa B HaCToSILLEE
BPEMS MPEOCTABSETCS B KpaHE yNPOLLEHHOM BUAE.
[MpPUHMMAETCS, YTO BCS1 OTKPbITast MOPUCTOCTb 3arnosTHEHA
YrNeBOOOPOOAMMN COBMECTHO C MIEHKOM OCTATOYHOM
BObl. Ha ocHOBe Takoro npeacTaBneHms Moaev
KOJIIEKTOPA MPOBOAATCA 0B6paboTka 1 MHTEPNPETaLMs
OaHHbIX KapoTavka, CTPOATCS NETPODUINYECKIME
3aBMICMMOCTW, BEAYTCS MMapOaMHaMUNYECKME PaCHEThI,
MoACHATLIBAKOTCSA 3anackl HEPTY 1 rasa 0O bEMHbIM
CMocOBOM. YNPOLLEHNE MOOENN KO/IIEKTOPA HAXOANTCS
B SIBHOM MPOTVBOPEYNM C PE3YSIbTaTaMn aHaIM30B
KepHa No onpeaesieHnto CTRYKTYPbl MOPOBOrO
MPOCTPAHCTBA FOPHbLIX MOPOL, U CITY>KNT NCTOYHUKOM
MPUHUMMABHBIX OLLMOOK B OLIEHKE HEKOTOPbIX
napameTpoB KosiekTopa. [locnenHee, B CBOKO o4vepep,
00ycnaBMBaeT Ype3MepHOEe 3aBbiLLEHNE re0I0rNYECKX

86 | ROGTEC

Yuri A. Limberger, Independent Expert

Summary

An oil and gas reservoir structure is currently presented

in a highly simplified form. It is assumed that all

the intercommunicating (open) pores are filled with
hydrocarbons and a residual water fim. This concept

of a reservoir model is used to process and interpret
logging data, build petrophysical relationships, perform
hydrodynamic calculations and estimate oil and gas
reserves by the volumetric method. The simplification of
a reservoir model clearly contradicts the results of the
core analysis performed to determine the structure of the
rock pore space and is a source of fundamental errors
in evaluating some reservoir parameters. This results in
excessive over-estimation of in-place and recoverable
hydrocarbon reserves. Based on the results of studies
to determine pore size, their distribution in the rock and
their contribution to fluid flow (filtration), performed on
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RESERVOIR ESTIMATION

1 U3BNEKAEMbIX 3aracoB yrneroaoponoB. Ha ocHose
aHanMsa pesybTaToB UCCed0BaHU MO OnpeaeeHno
pasmMepa rnop, 1x pacnpenesneHns B NOpoae 1 y4acTist B
dunbTPaLMn MAUOOB, NONYYEHHbIX Ha MHOMOYUCTEHHbIX
obpasuax 13 pasnyHbIX MECTOPOXKAEHMI, OBOCHOBaHA
HoBasl. boslee anekBaTHas, MoAe b CTPOBHNS KOSIeKTopa.
OHa obecrneyrBaeT NOACHET U3BMEKAEMbIX 3aracoB
YrNeBoaopPOa0B 06 bEMHBIM CMOCOBOM C TOYHOCTHIO,
KOTOPas MPUHLUMMNATBHO HE MOXKET ObITb AOCTUMHYTA MpU
MCNOJIb30BaHNM I'IpI/IHﬂTOI7I Ha cerogHa mogesin.

BBeneHue

CoBpemMeHHble Crocobbl 06paboTKN 1 MHTEPMPETaALMM
pe3yNbTaToB UCCIeN0BaH Pa3pe30B OCHOBaHbI Ha
onpeneneHHbIX MPeacTaBNEHMSIX O CTPOEHUM FOPHbIX
MOPOA, 1 MSIACTOB, NMEPECEYEHHDBIX CKBaXKMHOWM, a TakKe
rMnoTe3sbl (hOPMUPOBaHMS 3aIEXXEN YrIeBOAOPOO0B.
/13Ha4a1bHO CyLLIECTBOBAIM OCAOKN MUHEPASIOB Pa3HbIX
BMOOB 1 pasMepoB. PaccTosHme mexay TBepabiMm
YacTrLaMM — MyCTOTbI - TaKKe OblNo HEOOHOPOAHOE
Nno pasmMepy 1 BbI10 3an0/IHEHO BOAOW. T.e. C MOMEHTa
0bpazoBaHKsa ocaaKa NpeaonpeneneHo pasanyme B
pasmepax rnop.

B npouecce arareHesa, no Mepe norpy>eHnst 0CaaxkoB
Ha HX HAYaU10 OENCTBOBATL JABMEHME BbILLENEXALLEN
Tonww. Ocagkn ynaoTHANCL 1 MPeobpasoBbIBAVCH
B rOpHble MOpOapbl. YNNOTHEHNE—ABNEHME, MPUCYLLIEE
0151 BCex 0cafo4HbIX Mopom, craratoLLyX paspesb
MECTOPOXAEHWN HEDTU 1 ra3a.

[ByeOuvHbIN KOJIIEKTOP

Mpouecchl yNIOTHEHWS ByayLLEero KoiekTopa
(HanpuMep, NecyaHnka) 1 ByayLLen MOKPbILLKM
(HampUMep, FVHbI) NPOTEKaT OAHOBPEMEHHO, HO MO-
pasHOMY: B KOJIIEKTOPAX - 3a CHET NMeperpynmnmpoBKn
MOJIOXKEHWIS YaCTULL, MUHEPA/IbHOMO CKeleTa
OTHOCWUTENBHO APYr ApYra, B MnHax — 3a CHET
YMEHbBLLEHWST PACCTOAHNS MEXOY CTRYKTYPHbLIMU
cnosimn. Ho B ntobom cnyyae HabnogaeTcs
YMEHbLLIEHNE 06bEMA MYCTOTHOIO NPOCTPaHCTBA 3a
CYET yBesIMYeHMs 06bEMa MUHEpPaUIOB B €AVHULIE
ob6béma nopodpl. CHMXKeHEe 06bEMA MYCTOTHOIO
NPOCTPaHCTBA COMNPOBOXAAETCS YMEHbLLEHNEM
pa3mepa nepBoHa4vasibHbIX MOP U OTTOKOM YacTu
cBobogHom BoApl. OTTOK ByaeT Npoao/mKaTbCsa A0
TEX MOp, MOKa He HaYHYT OENCTBOBATb 3HAYNMbIE
CWNbl B3aMOOENCTBUS MEXOy MOJSIEKY1aMM BOAb! U
MOJIEKyIaM/ MUHEPaNIbHOrO ckeneTa. Torga Boga

HEe CMOXKET ObITb yaanieHa 1 OCTaHEeTCs B nopax; eé
yOQEHNIO B 3TOM Crlydae OOMOSIHUTEBHO MeLLaeT
TaKXKe HN3Kas CXXMMaeMoCTb camol Bodpl. OcTarolasacs
B Mopax Bofa — ocTartoyHas Boda — rnaBHas npuymHa
HEBOSMOXXHOCTW (huabTpaLmm IronaoB Yepes
Takue Nopbl 1, CregoBaTeslbHO, OTCYTCTBUS Y HUX
NPOHNLAEMOCTW.
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numerous samples from different fields, a new, more
adequate reservoir structure model can be substantiated.
This model enables estimation of the recoverable
hydrocarbon reserves by the volumetric method with an
accuracy level which could not be achieved using the
current assumed model.

Introduction

Modern methods of processing and interpretation of the
results of sub-surface exploration are based on certain
concepts about the structure of rocks and beds penetrated
by a well, as well as on the hypothesis of hydrocarbon pool
formation. Initially, there were mineral deposits of various
types and sizes. Spaces between solid particles, i.e. voids,
also varied and were filled with water. Thus, difference in
pore size was bound to occur at the time of deposition.

In the course of diagenesis, as the deposits subsided
they began to be affected by the overburden stress. The
deposits were compacted and transformed into rock.
Compaction is a phenomenon typical of all sedimentary
rocks making up rock sections in oil and gas fields.

A Complex (Dual System) Reservoir

The compaction process in a potential reservoir (€.9.
sandstone) and a potential cap (e.g. shales) occurs
simultaneously but differently: in reservoirs it happens as the
result of the changing position of mineral matrix particles
in relation to each other, and in shales, as the result of
decreased distance between structural layers. In any case,
reduction of voids is observed due to increased volume of
minerals in a rock unit. The decrease in volume of voids

is accompanied by reduction in size of original pores and
outflux of free water. The outflux will continue until relevant
interaction forces between water and matrix come into
effect. The water then cannot be removed and stays in
the pores; in this case removal of the water is additionally
prevented by low compressibility of the water itself. The
water remaining in the pores — residual water — is the main
reason why it is impossible for fluids to flow through such
pores resulting in impermeability.

Pores of different sizes in rocks contribute to open porosity
in reservoirs and caps. Rocks or part of them will only be
permeable if they contain an interconnected void network
which can make fluid flow possible. Thus, the main
condition for such a network to exist should be: ® > 0.

A rock will be impermeable and unable to have a fluid flow
in the following cases:

a) when it does not contain any voids, i.e. =0;

b) when it does contain voids, i.e. ® >0 but they are not
interconnected;

¢) when it does contain voids which even form an
interconnected network, i. e. ® > 0, but void size is so
insignificant that fluid flow is not possible.
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B OLEHKA KOJIJTEKTOPA

Mopbl pa3HOro pasmMepa y4acTBYHOT B 06pa3oBaHnn
OTKPbITOM MOPUCTOCTY MOPOM, ClaratoLLUMX KOSIEKTOPbI U
MOKPBbILLKW. [[OpHas Nopoaa, U Kakasa-To e€ 4acTb, OyaeT
NPOHULIAEMOM TONBKO B TOM Clly4ae, Koraa BHyTPpW Heé
CYLLIECTBYET B3aMMOCBSA3aHHas CETb MyCTOT, CMNOCOOHbIX
obecneynTb punsTpaumo. CnegosartesibHo, 06a3aTeNTlbHOE
yC/ioBYe CyLLiecTBOBaHMA Takon cetn: K > 0.

MNopona byaeT HEMPOHMLIAGEMOM 1 HECTIOCOBHOW
durnbTpoBaTh VAL B CNEOYIOLLMX Cly4Hasx:

a) Korfa nycToTbl B Helr BOOOLLEe OTCyTCTBYHOT, T.e K =0;
0) Korga nycToThl B Het €CTb, T.e. K > 0, HO OHK He
CBSA3aHbl MEXXy COBoW;

B) KOraa nycTOTbl B HEW €CTb 1 AaXKe 00pasyoT
B3a1MOCBS3aHHyt0 CeTb, T.e. K > 0, Ho pasmepsl
NyCTOT CTOJIb MaJlbl, HTO HE B COCTOAHUN obecnevnTb
dunbTpaumo gonaos.

Ecnu npvBeneHHbIe paccy»xaeHus npaBusisHble, TO
OTKPbITasA MOPUCTOCTb KONNEKTOPA A0 (DOPMMPOBaHNSA
3a1eXu YreBoaopoaoB OyaeT COCTOSATb U3 ABYX
B3aVMOCBSA3aHHbIX YacTelt. OgHa 13 KOTOPbIX
NPOoHMLIAEMas 1 3an0/IHEHA HeyaaneHHOM CBODOAHOM
BOAOW, a Apyras HenmpoHuMLaemMasi 1 3anosiHeHa
OCTaTO4YHOM BOAOW. [poBeEpUTL MPEONONOXKEHVE MOXKHO
npoBeas aHanm3 obpasLoB Nnopop, Ha pacnpeneneHne
rMop Mo pasmepam U NX y4acTust B MPOHNLREMOCTH.

B nutepaTtype onuncaHbl passindHbie Criocobbl TaKoro
aHam3a.

Ha puicyHkax 1-2 nprBeneHb! NprMepsl pacnpeneneHns
Mop Mo pasmMepam, Nosly4eHHble METOA0M BOAB/IMBaHNA
pPTYyTU. Ha ocn X ykadaHbl pasmeps! NopoBbIX KaHauloB. 1o
OaHHbIM Ha ocK Y cieBa MOXKHO OLEHUTL BKJ1a/J, MOPOBbIX
KaHaoB BbIOPaHHOIo pa3mMepa B NOpUCTOCTb 0OpasLia;
STOT BKJ/Ia, ONPenenseTcs B MPOLEHTax OT yKadaHHOM
nopucTocTv obpasua. o gaHHbIM Ha ocn Y cripasa
MO>KHO OLIEHNTb BK/1a[, MOPOBbLIX KaHaU10B BbIGpaHHOrO
pasMepa B NpOHMLIaeMOCTL 0bpasLia; 3TOT BKiag,
onpenensieTcs B MPOLEHTax OT yKa3aHHOM MPOHNLIZEMOCTU
obpasua.

PUCYHKM NOKa3bIBAKOT MPUMEPbI pacnpenenieHs mop no
pasMepam 1 VX y4acTusl B MPOHULIGEMOCTY 06pa3LIoB
KapbOoHaTHBIX (OOJIOMUTbI, UBBECTHSIKN) 11 TEPPUrEHHBIX
(MecyaHuKK, ravHa) Nopom, V3 HUX BUOHO, YTO BO BCEX
obpasLax KOSINEKTOPOB MPOHMLZEMOCTb MOPOA, U NX
CMOCOBHOCTL PUALTPOBaTL honapl ObecneymBaroT

He BCe, a TOJIbKO YaCTb MOPOBbLIX KAHAUTOB (HacTb
nycToTHOro obbema).[laxke B Tex criyyasx, Koraa
06pasLbl XapaKTepPN3yOTCH BbICOKOM MOPUCTOCTHIO U
MPOHMLIAEMOCTHHO.

Kak peanbHO yCTPOEH KOJIIeKTop HedpTu U rasa

I B TaKOM KOINIEKTOPE HAYMHAETCA NOCTEMNEHHOe
hopMUpOBaHVe 3aexu YrieBoaopoaos. [noTesa
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If the above arguments are correct then open porosity of
a reservoir before a hydrocarbon pool is formed would
consist of two interconnected parts. One of them is
permeable and filled with free water which has not been
removed, and the other one — impermeable and filled
with residual water. This assumption could be verified by
analysing rock samples to study pore distribution by size
and its contribution to permeability. Various methods of
such analysis are described in publications.

Figs. 1 and 2 show examples of pore distribution by size
obtained by the mercury penetration method. The “x” axis
shows size of pore channels. Using data in the left part of
the “y” axis one can evaluate contribution of pore channels
of selected size to the sample porosity; this contribution

is determined as a percentage of the indicated sample
porosity. Using the data on the right part of the “y” axis one
can evaluate contribution of pore channels of selected size
to the sample permeability; this contribution is determined

as a percentage of the indicated sample permeability.

The Figures show examples of pore distribution by size and
its contribution to the permeability of carbonate (dolomites,
limestones) and clastic (sandstones, shales) rock samples.
They demonstrate that in all the reservoir rock samples rock
permeability and the ability to have a fluid flow is provided
not by all the pore channels but only by a part of them (part
of voids), even in the cases when the samples show high
porosity and permeability.

The Real Structure of an Oil and Gas Reservoir
Gradual formation of a hydrocarbon pool will begin

in such a reservoir. The hypothesis of accumulation
suggests that hydrocarbons migrate from the places

of origin in a dissipated form through rock mass and
accumulate in pools. Once inside the pool they rise
through the water, displacing free water from the pores
and substituting this water. The final result is the current
model: all pore space is occupied by hydrocarbons with
a residual water film.

This naturally gives a rise to a question: how could
hydrocarbons have filled all the reservoir voids if part

of the reservoir with open porosity is not permeable?
Hydrocarbons which reached the reservoir would move
through it via the paths of least resistance. Such paths
could only be the pores which provide permeability. Thus,
it would be impossible for hydrocarbons to fill in all open
pores by removing not only free but residual water from
them. They would fill only those open pores which could
enable fluid flow, i.e. only the part which is permeable.

The author has analysed over 1600 results from studying
pore space in rocks. Not a single reservoir sample from
the oil, gas and water-bearing parts of the pool (which
form the majority of the studied samples) showed
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1. PacnpepneneHne paamepoB nopoBbix kaHanos / Distribution of Pore Channels Size
2. [Jonesoe yyacTue NopoBbIX KaHanos B npoHuuaemocTn / Percentage Contribution of Pore

Channels to Permeability

PucyHok 1. CTpyKTypa NopoBOro NpocTpaHcTBa KapboHATHBIX MOPOL,

Fig. 1. Pore (Void) Space Structure - Carbonate Rocks

dhopMm1poBaHns NpeanonaraeT, YTo yriesoaopoas!
SMUMPUPYIOT U3 MECT CBOEro 0BpasoBaHmsl, MUMPYPYHOT B
paCcCesHHOM BMAe Yepes TOSILLM NOPOoa, U akKyMyIMPYOTCS
B 3aU1eXKW. [IBIPKEHE BHYTPW 3a/1€XKN — BCM/TbITUE YEPE3
BOAY, OTTECHEHME CBODOOHOWM BOAb! U3 MOP U € 3ameHa
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contribution by all pores, i.e. the whole void volume, to
permeability and fluid flow. In all the samples, a certain
part of the rock void volume does not contribute to
fluid flow, remaining fluid-impermeable. In non-reservoir
samples (over 300 samples) typical rock permeability to
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yrneBoaopoaamMu. KoHeuYHbIn UTOr — NpeacTaBieHne
MPVHUMAEMOW Ha CEroaHsa MOAeNN: BCe MOpPOBOe
NPOCTPAHCTBO 3aHATO YrIeBOA0POAAMM C MIIEHKOMN
OCTaTO4YHOW BOAb!.

Bo3HMKaeT ecTeCTBEHHbI BOMPOC: Kak XKe Yriesoaopoabl
3ano/HUV BCE MYCTOTHOE MPOCTPaHCTBO KOSNEKTOPA,
€CJIN YaCTb OTKPbLITON MOPUCTOCTY HEMPOHMLIAEMANA?
Benb nobpaBLunecs 0o KonnexkTopa yrinesogopoap!

OyayT NPOoABUraTbCa BHY TP HEro NMyTIMM HAaMEHbLLIErO
COMPOTUBNEHNS UX OBVXKEHWIO. A TAKOBbIMU SBSKOTCA
TOMBKO MOPbI, 0BECNEYMBAIOLLIME MPOHMLIGEMOCTb.
[MOSTOMY 3aMOSHUTL BCHO OTKPbITYIO MOPUCTOCTb
MOCPEOCTBOM yaaneHWs 3 Hee He TO/IbKO CBOOOOHOM,

HO 1 OCTaTO4HOW BOAbI, Yr1EBOOOPOAbI HE B COCTOSIHUN.
OHW 3aN0/HAT TOJIbKO YaCTb OTKPLITOM MOPUCTOCTH,
XapaKTepusyeMyto CrIOCOBHOCTBLIO hUIbTPOBaTL dirouapl,
T.e.Ty e 4acTb, KOTOpas ABNSETCS MPOHMLIAEMOWN.

ABTOpP NpoaHanuavpoBan tonee 1600 pesyabTaToB
N3y4eHNst CTRYKTYPbI MOPOBOr0 MPOCTPaHCTBa
06pa3uoB roOpHbIX Mopod. V1 H1 B 0QHOM 13 06pasLioB
KOJIIEKTOPA, OTHOCALLIMXCS K HEDTEHOCHOW, Fa30HOCHOM
1 BOOOHOCHOW HYacTsaM 3as1eXXei, a 310 NoaasastoLas
0ONs N3y4eHHbIX 06Pa3LIOB, HE OTMEYEHO y4acTue B
MPOHMLAEMOCTU 1 UMBTPALMN BCEN COBOKYMHOCTMU
nop, T.€. BCEro NycTtoTHoro o6bemMa. Bo Bcex obpasLiax
KOJIJIEKTOPOB OnpeaesieHHas [oNs MyCTOTHOrO o6béma
nopo4 He MPUHUMAET ydacTng B (DuabTpaumu,
0OCTaBasiCb HENMPOHMLAeMon ans paongos. s
HEKONEKTOPOB (CBbille 300 06pa3LOB) CUMBOINHECKYO
abCONMOTHYK MPOHULIAEMOCTb MO BO3ayxy (Kmp <<

1 m) obecneumBaeT Mmu3epHasa 405 MyCTOTHOIO
obbéma. NprBeaeHHble haKTbl CBUOETENLCTBYOT O
€QVHOV AN KONNEKTOPOB U HEKOJINIEKTOPOB MPUPOAE
N NPUYMHE SBAEHWS: HekoTopast 4015 MyCTOTHOMO
0bbEMa He y4acTBYET B MPOHMLLIAEMOCT BCIIEACTBME
€ro 3anosHEHNA OCTaTOYHOW BOAOW. Pasnnyme B TOM,
YTO Y HEKOJIJIEKTOPOB 3TO XapaKTepHO MOoYTW A1t BCEro
MYCTOTHOrO O6BEMA, Y KO/IIEKTOPOB — TOJIbKO /15 YacTu
OTKPbITOM MOPUCTOCTN.

Taknm 06pas3oM, B KONNEKTOPE OQHOBPEMEHHO
COCYLLIECTBYIOT [IBE CUCTEMbI B3aMOCBA3aHHbIX Mop.
OpaHa 13 HYX 06ecrnevrBaeT NPOHMLIAEMOCTb KOJIEKTOPAa
1 ero CrnocobHOCTb PUNIBTPOBATL htonabl, TOraa

Kak Opyras npenaTcTByeT aToMy. [epBas cuctema

— ohheKTVBHASA MOPUCTOCTb — CITYXKNT EMKOCTBIO

0151 TOABVIKHBIX (hIIOMAOB (Yr1eBOAOPOdb! M BOAa B
COOTBETCTBYIOLLIVIX YaCTAX 3a/1EXKN), TOrda Kak BTopas

— HeahheKTMBHAA NOPUCTOCTb — CIIY>KUT EMKOCTHIO

19 OCTaTOYHOW BOAp! B SIIOOOM U3 YaCTel 3a1exu.
Lpyrmm crnioBamu, KOSIIEKTOR HETU 1 ra3a yCTPOeH
COBCEM HE TakK, KaK 3TO MPUHSTO cenvac, a 3Ha4nTeNbHO
CIIOXHEE: YacCTb OTKPbITON NOPUCTOCTM (00 MYCTOTHOrO
06BbEMA) 3anonHeHa HeOTHIO VN Fa30M COBMECTHO C
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air (k << 1 mD) is provided by a tiny proportion of void
volume. The stated facts prove the similar nature and
cause of the phenomenon both in reservoir and non-
reservoir rocks: a certain part of void volume does not
contribute to permeability due to this part being filled with
residual water. The difference is that for non-reservoirs
this is typical of all the void volume; while for reservoirs —
only for the part with open porosity.

Thus, a reservoir has two interconnected pore networks
which exist at the same time. One of these systems
enables permeability and fluid flow in the reservoir while
the other prevents it. The first system - effective porosity
— serves as a container for mobile fluids (hydrocarbons
and water) in the respective parts of the pool, while the
other —non-effective porosity - acts as a container for
residual water in any part of the pool. In other words,
an oil and gas reservoir structure is not as the currently
assumed one, but is considerably more complicated.
Part of the reservoir with interconnected is filled with oil
or gas and a residual water film. This part is permeable
and enables fluid flow. The other part of the reservoir
with interconnected is filled with residual water, is
impermeable and does not enable fluids to flow.

Substantiation of a reservoir structure is a scientific
challenge. Solving it would provide new opportunities for
practical application. Some of the specific areas of practical
use of the new reservoir model are considered below.

Direct Determination of Oil Saturation

Qil saturation is one of the parameters which affect

the volume of deposits in a pool. Determination of this
parameter is a necessary and compulsory procedure
when estimating oil deposits by the volumetric method.

In practice this procedure is performed by taking some
measurements in a well and using empirical Archie
functions based on the results of core analysis. The Archie
equations are the following:

F=R/R, =a/®"(1)andI=R/R =1/5"(2), where
F — formation factor

| — resistivity index

@ — porosity

R, — resistivity of a rock fully saturated with water

R, — resistivity of a rock filled with water and oil

R, — resistivity of a water

S, — water saturated

S, — oil saturated

a.m.n — empirical constants.

An interpreter would use the following process:

formation resistivity and porosity are determined by well
measurements. F is determined by using established values
of ® and applying equation (1). R, =FeR s calculated.

| = R/R, is calculated and S is determined using equation
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PucyHok 2. CTpyKTypa MopoBOro NPOCTRaHCTBA MecHaHo-MIMHMCTHIX NOPOL

Fig. 2. Pore (Void) Space Structure - Sandy and Clay Rocks

MNEHKOM OCTATOYHOW BOAp!, ABASETCS MPOHNLIGEMOM U (). Oil saturation factoris S, = 1- 5,

obecneuBaeT ubTPauUMio OtonaoB; apyras YacTb

OTKPbLITOV MOPVCTOCTY MOJIHOCTLIO 3arosiHeHa ocTatoqHon  Using this approach to estimate S, it is assumed that
BOJOW, SIBISIETCHA HEMPOHNLIAEMOW U HECTTOCOBHOM in equation (1) m=const, although m in any reservoir, in
duneTpoBaTh POUALI. any pools, is always m=const. It is also assumed that the
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B OLIEEHKA KOJIJIEKTOPA

OBoCHOBaHKME CTPOEHNST KONNEKTOPA FBNSIETCA
Hay4Hol npobnemol. Ee pelleHne NpenocTaBaseT
HOBbIE BO3MOXXHOCTU MPaKTUHECKOrO MCMONb30BaHNS.
HekoTopble 061aCcT KOHKPETHOIO NPUMEHEHNST HOBOW
MOZENM KONIEKTOPA, PETM30BAHHLIE HA MPaKTVIKE,
paccMaTpviBaloTCA aasee.

Mpsmoe onpepneneHne HedpTeHACLILLLEHHOCTN
HedTeHacbILLEHHOCTb SBNSETCA OAHVM 13 NapamMeTPOB,
BVSIOLLMX HA OO BEM MOJSIE3HOMO NCKOMAEMOTO B 3aUTEXN.
OnpefeneHve ykazaHHOro napameTpa Heobxoarmas

1 obazaTenbHasa npouenypa npy NOACHETE 3anacoB
Hed TV 06BEMHBIM CrocoboM. Ha mpakTuke aTa
NpoUEeaypa peasmayeTcs NOCPeACTBOM HEKOTOPbIX
N3MEPEHUIN B CKBEDKVHE U UCMOJIb30BaHNS SMMUPUHECKIX
3aBUCMOCTEN ApUK, MOCTPOEHHbBIX MO Pe3ySibTaTam
AHaUTM30B KepHa. YpaBHEHMST ApUl UMEIOT CeayoLLmii
BUO;

P=p,/po,=a/K"(MnP =p/p, =1K"(2), roe

P - oTHOCKTENBHOE CONPOTUBIIEHNE N1ACTE;

P - KOathULIMEHT CONMPOTUBIIEHMA NNacTa;

K, - KOahMLMEHT NOPUCTOCTU NIacTa;

0., - YAe/bHOe 3/IeKTPMHECKOe COMPOTUBIIEHE NiacTa
MOJIHOCTBIO 3aMOSIHEHHOrO BOOOW;

P, - YAENbHOE B/IEKTPMHECKOE COMPOTVIBIIEHNE BOIbI,
3anoNHAOLLIEN NacT;

0, - YOenbHOe 3/1eKTPMHEeCKOe COMPOTVBIIEHNE NiacTa,
3ano/THEHHOIO BOAOW U YreBOAOPOOAMY;

K, - KOS(OOULINEHT BOJOHACLILLIEHHOCTU MacTa;

a, m, N - SMANPUYECKME MOCTOSHHBIE.

VIHTepnpeTaTop OeNCTBYET MO CAEOYOLLEN CXEME.
ConpoTMBAEHME MacTa U ero MopucTOCTb ONPeaenstoT
no 3amMepam B CKBavkiHe. 1o HanaeHHOMY K HaxoaaT
P, ncnonbays ypasHerue (1). PaccuntbiBaioT o

= Pep . PaccumtbiBatoT P_ = p /0_ 11 MO ypaBHeHIo (2)
onpeaensatoT K .KosthduLmeHT HehTeHachILLIEHHOCTM
K,=1-K.

MNpw Takom noaxofe K oueHke K 1onyckaeTcs, YTo

B ypaBHeHuM (1) m=const, XoTs 0719 KO/I/IEKTOPOB
nobon 3anexn scerga m=const. MNonaraoT Takxe,
4YTO (PUSVKO-XUMNYECKNE CBONCTBA OCTATOUYHOM

BO[pbl B HE(OTEHOCHOW HaCTX 3a/1EXMN MNOJIHOCTLIO
aHasTorNYHbl PUSUKO-XUMUHECKMM CBOVCTBaM BOLp! 13
BOAOHOCHOW 4acTu 3anexu. MoaToMy npu pacuete p_
ANS HeDTEeHACHILLEHHOW YacTV 3a/1eXN MPUHMAKOT O
paBHbIM Ero 3Ha4YeHuto 458 BOAOHOCHOM YacTu. [pn
MOJTYHYEHNN 3aBMCUMOCTU (2) METOAMKA UCCNEOOBAHMUS
KepHa TakoBa, 4TO Of|HOMY 3HadeHnio K Bceraa
NPOTMBOMOCTaB/IAETCA OAHO 3HadeHne P . To ecTb,
NPVHUMAETCS, YTO O ABISETCH (DYHKLMEN TONIbKO
K,.Taknum 06pasom, pacyeT p_ 019 HePTEeHACbILLIEHHON
4acTu 3aNexXn 1 onpegeneHe HeTeHaChILEHHOCTH
OCHOBaHbI Ha psade HeOBOCHOBAHHbIX N HEAOKA3aHHbIX
npeanonNoXXeHNsX.
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physical and chemical properties of residual water in an
oil-bearing part of the pool are identical to the physical and
chemical properties of water in the water-bearing part of the
pool. Therefore, when calculating R, for the oil-saturated
part of the pool, the value of R is assumed to be equal

to its value for the water-bearing part. WWhen determining
equation (2), the core study method is such that a single
value of S is always compared with a single value of

R.. Thus, it is assumed that R, is a function of S, alone.
Consequently, calculation of R_ for the oil-bearing part of
the pool and determination of oil saturation are based on a
number of unsubstantiated and unproven assumptions.

Formation resistivity in general depends on the rock
matrix conductivity, conductivity of water in pores
and the nature of the distribution in formation voids of
phases which either conduct electric current (water)
or do not (hydrocarbons). It is generally believed that
conductivity of matrix minerals is low and can be
ignored, as could be the case with the distribution

of current conductive and non-conductive phases. It
is, therefore, believed that the resistivity of a water-
bearing formation depends only on its porosity and
the physical and chemical properties of the water in
the pores while resistivity of an oil-bearing formation
depends only on porosity, water saturation and water
properties.

The majority of minerals forming a reservoir matrix do,
indeed, have extremely low electrical conductivity. Thus,
average conductivity of such minerals as anhydrite,
calcite, dolomite, quartz, albite (white feldspar), biotite,
amphibolite, etc. is in the range of 10-8 10-7 S/m.
Therefore, ignoring the effect of matrix electrical
conductivity on measured formation resistivity is justified.
However, one should also bear in mind that the volume
of core taken and studied in a laboratory, is incomparably
small when considering the volume of rock in a pool. It
can’t be guaranteed that matrix electrical conductivity
would remain low in all reservoirs in the pool.

However, ignoring the effect of distribution of current-
conductive and non-conductive phases on measured
formation resistivity is not justified. In practice, this factor
is not given sufficient attention, which is wrong. C. A.
Grattoni and R.A.Dawe experimentally proved [3], that
an oil-bearing formation resistivity and, correspondingly,
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YOenbHOe 31eKTPUHECKOE COMPOTVBIEHNE

nfacra B 0OLLEM Cly4ae 3aBUCUT OT yOebHON
3EKTPOMNPOBOAMMOCTU MUHEPASTBHOMO CKeneTa nopomp|,
YOENBbHOM SNEKTPONPOBOAUMOCTY BOAb! B MOpax U

OT XapakTepa pacnpeneneHs B myCToTHOM 06beme
nnacta as, MPoBOAALLMX (BOAA) Y HEMPOBOAALLIMX
(yrnesopopobl) anekTpudeckmin Tok. OBbIMHO NosiararoT,
YTO yOesbHas 3NIEKTPONPOBOANMOCTb MUHEPAIOB
CKeJleTa O4EHb HU3KAS U et0 MOXHO MPeHedpeYb, Takke
KaK 1 XapakTepoM pacnpeaeneHns haa, MPOoBOASALLMX 1
HEMPOBOAALLMX SNEKTPUHECKMI TOK. [10STOMY CHMTAIOT,
YTO COMPOTUBIIEHNE BOSOHOCHOMO MiacTta 3aBuCUT TOJSIbKO
OT €ro NMopUCTOCTA U (PUMKO-XMMNHECKIX CBOUCTB BOAP!
B rMopax, a ConpoTMBEHNE HehTEHOCHOrO Miacta — oT
MOPUCTOCTW, BOOOHACHILLIEHHOCTY 1 CBOMCTB BOApI.

Bonbluas YacTb MMHEpPasoB, CnaratoLLyxX CKeneT
KOJINIEKTOPOB, AENCTBUTENBHO XapaKTepuayeTcs
VNCKITIOUUTESTBHO HUBKOWM S/1EKTPOMPOBOMMOCTBIO. Tak,
CcpeaH1e 3HaYeHVs yaebHON 3M1IEKTPONPOBOAMMOCTM
TaKNX MYHEPAUIOB, KaK aHrapuT, KabLWT, OOOMUT,
KBapLl, anbouT, BUOTUT, POoroBas obMaHKa 1 p. HaxoaaTcs
B avanasoHe 108 — 1077 Cm/M.[NoaToMy nrHopupoBaHve
B/IMSIHVISI 9/1EKTPOMPOBOAMMOCTM CKESETa Ha 3aMepsieMoe
COMPOTUBEHME M1acTa UMEET Nof, cOBOoM OCHOBAHVE.
XoTa cnegyeT NOMHUTL, YTO OOBbEM KepHa, OTONPaeMoro
1 13y4aemoro B flabopaTopuin, HECONOCTaBMMO MaJl
OTHOCUTESBHO 0OBEMA MOPOL, 3aNEXN. W HET rapaHTum,
YTO 3MIEKTPOMPOBOAMMOCTb CKENETA OCTAHETCS HUSKOM
ONs1 KONIEKTOPOB BCEN 3aUIEXN.

[MpeHebpexxeHe Xe BNUSHUEM XapakTepa pacnpenesieHys
das, MPOBOAALLMX U HEMPOBOASILLIVX S/IEKTPUHECKUIA

TOK, Ha N3MEPSIEMOE COMPOTUBIIEHNE N1acTa He UMeET
non, cobon ocHoBaHMN. OOHAKO Ha MPaKTVIKE 3TOMY
hakTopy He YOEeNnaeTcs O0HKHOrO BHUMaHWS. HanpacHo.
C.A.Grattoni n R.A.Dawe akcneprmMeHTasbHO AoKa3am

[3], uTo yOoenbHOE aneKkTpUYeCKOe CONPOTUBIEHME
HedTEHOCHOMO NacTa 1, COOTBETCTBEHHO, KOSMMULIMEHT
YBEJIMYEHNSA COMPOTUBIEHNS, CYLLECTBEHHO 3aBUCAT

He TOJIbKO OT CTEMEHM 3anOsTHEHMS MOPOBOro
MPOCTPaHCTBa BOAOW 1 CBOMCTB CaMoW BOAbl, HO 1 OT
XxapakTepa pacnpeneneHns B nopax as, NpoBoASALLMX U
HEeNPOBOAALLMX 3NeKTpUYecKmn Tok. OTcroga cnemyeT — u
3TO TaKXKe MOATBEPKOEHO SKCMEPVMEHTATBHO — YTO MpU
O[IHOM U TOM >Ke KO3 LIMEHTE BOAOHACHILLIEHHOCT
HedTEHOCHbIN NIACT MOXET XapaKTepn30oBaTLCs
Pa3IMYHbIMA YOS IbHBIMM COMPOTUBEHNSMN. U,

HaoboPOT, OOHOMY 1 TOMY >Ke YAeIbHOMY COMPOTUBIIEHNIO
HedTEHOCHOMO M1acTa MOryT COOTBETCTBOBATL Pa3/INYHbIE
KO DULMEHTBI BOAOHACHILLEHHOCTH.

XapakTep pacnpeneneHis B KOHKPETHOM MmiacTe
YreBOOOPOOOB U MNEHKM OCTATOYHOM BOApI, T.€. (hag,
NPOBOASALLMX 1 HEMPOBOASALLMX SMEKTPUHECKUIA TOK,
HEN3BECTEH M3HaYaUuTbHO. OH K TOMY >KE HapyLLaeTCs
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resistivity index, depend considerably not only on the
degree to which voids are filled with water and on the
water properties but also on the nature of distribution

of conductive and non-conductive phases in pores.
Subsequently, (and it has been proven by experiments)
an oil-bearing formation can have different resistivities
with the same water saturation factor. Vice versa, the
same oil-bearing formation resistivity could correspond to
different water-saturation factors.

The nature of the distribution of hydrocarbons and
residual water film (i.e. conductive and non-conductive
phases) in a specific formation is not originally known.
Furthermore, it is distorted by mud filtrate ingress.
The factor of spatial distribution of phases would
always exist in a formation filled with hydrocarbons
and its effect is equivalent to over-estimating the
measured formation resistivity. This results in under-
estimation of the water-saturation factor determined
by equations (2), made by the standard method.
Eventually, this would lead to over-estimation of the
oil-saturation factor.

The drawback of the current approach to determination
of oil-saturation factor is that it is done by an indirect
method. This is a significant drawback which could not
be eliminated by using any methodological tricks. It is
futile to expect that this problem could be solved by
increasing the number of rock core samples analysed in
a laboratory. One could theoretically suggest studying the
distribution of conductive and non-conductive phases
on an unlimited number of core samples. But even
performing such studies would not dramatically change
the situation with determination of a water-saturation
factor because in a specific formation studied in a real
mining condition, actual distribution of conductive and
non-conductive phases will always remain unknown

to the researcher. Therefore, it would be unrealistic to
expect to find any analogue of phase distribution by
studying core samples.
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B OLEHKA KOJIJTEKTOPA

3a CHET MPOHNKHOBEHNS UbTpaTa MpPOMBIBOYHOM
»KNOKOCTU. PakTop MPOCTPaHCTBEHHOIO PacnpeneeHns
(has Bcerga CyLeCTBYET B MnacTe, 3arno/IHEHHOM
yrnesogopoaamMu. 11 ero BAMSHNE SKBUBAIEHTHO
3aBbILLEHWIO U3MEPSIEMOrO CONPOTUBIIEHUS NacTa.

OTO NPVBOANT K 3aHVDKEHMIO KO3hdDULIMEHTA
BOLOHACILLIEHHOCTW, ONPEeAenseMoro no ypaBHEHUSM
BMAA (2), NTOCTPOEHHbIM CTaHAAPTHbIM MyTeM. B
KOHEYHOM CHETE, K 3aBbILLEHNIO KOS(dULMEHTa
HepTEHAChILLIEHHOCTY NfacTa.

VI3bsH MpUMEHAEMOro cemnyac Noaxoaa K onpeasneHno
Ko rLMEHTa HEdTEHACHILLEHHOCTU 3aK/IKoHaeTCA

B TOM, YTO UCMOb3YETCSt KOCBEHHbIN METO[, Ero
onpeaeneHs. 310 NPUHLMNANbHBIN HEAOCTATOK,
KOTOPbII HEBO3MOXHO YCTPaHUTb HUKaKMMI
METOONHECKUMU YXMLLIPEHNSIMU. BECCMBICTIEHHO OXMAATb
PEeLLEHMS 3TOM NPOBIEMbI MOCPEACTBOM YBEMNYEHNS
KOMMHECTBa aHa/IM3NPYEMbIX B flabopaTtopur 06pasLoB
nopof. MOXHO yMO3pUTENBHO NPEANOSIOKUTE N3YHeHme
Ha KepHe pacnpeaeneHus das, MpoBOAALLIX U
HEMPOBOASALLIMX SNEKTPUYECKINA TOK, B HEOrPaHNYEHHOM
KOMM4ecTBE 06pa3LoB. Ho aaxxe nocne BbINoSHEHWS
TakMX UCCNeaoBaHUM CUTyaLMs C OLEHKOM KoahduumeHTa
BOAOHACBILLEHHOCTM MPUHLMMAITIBHO HE N3MEHUTCS.
[MOCKOJbKY B KOHKPETHOM M1acTe, UCCNea0BaHHOM

B peasibHbIX FOPHOTEXHUYECKUX YCIOBUSIX, NCTUHHOE
pacnpeneneHre das, MPOBOALALLMX U HEMPOBOASLLIX
SMEKTPUHECKNIA TOK, BCErAa OCTAHETCS HEM3BECTHbIM
ans uccnenosatens. NoaToMy 1 NogodpaTb Kakyk-1Mbo
aHasormio pacnpeneneHns gaa, NoNyYeHHYIo Ha KepHe,
OyoeT HepeanbHO.

BbIX0Of, 13 CIOXMBLLENCS CUTYaUMN 3aKITKOHAETCS

B KapAyHaIbHOM NePECMOTPE CaMoro Noaxoaa K
PELLEHMIO MOCTaBEHHOWN 3adayun. KoadhduumeHT
HePTEHACHILLIEHHOCTW CedyeT ONPenensTs He
KOCBEHHbIM, a MPsSIMbIM MyTeM. Takown cnocob
HEBO3MOXXHO PEA/TN30BaTb B paMKax MpPUHSATON MOAEN
konnektopa. lMNpsimMoe onpeaeneHe HedpTeHaCILLIEHHOCT
NCNOMBb3YETCS B HOBOW MOENM KOIEKTOPA U A1t 3TOr0
He TPebyTCA 3HaHWS YPaBHEHWA Ap4K, YOENbHOMO
COMPOTUBEHMS N1acTa, TNna CMaYMBaeMoCTV NMopom,
PesynbTaThl MPUMEHEHSA HOBOIrO Crnocoba OLIEHKM
HedpTeHaCbILLIEHMS paccMOTpeHbl aanee (Tabavua 1).

KoadbdhunmeHTbl n3snevyeHus rasa n Hedptun
CuymnTaeTcst, YTO reosIorM4eckime 3anachl HEBO3MOXKHO
MOMHOCTBLIO N3BMEYb HA MOBEPXHOCTL. CyLLECTBYET 1
060CHOBaHWE TakoW TOYKM 3PEHUS W, €CNN [, TO B YEM
€8 cyTb?

HeBO3MOXKHOCTb MOJTHOO USBJIEHEHMA N3 Hegp 3anacos
CBO60£I,HOI'O rasa 060cHoBaHa CDI/IBI/I‘-IGCKI/IZ Korga
OaBJieHMe ra3a B 3a/1eXKM1 CTaHET paBHbIM OaBJIEHNO Ha
MNMOBEPXHOCTU+OaBsIeHNe ctonba raza ot MOBEPXHOCTN
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The way to resolve the current situation is by radical
review of the actual approach to achieving the set
objective. An oil-saturation factor should be determined
not by an indirect method but by a direct method.

Such a method would be impossible to apply using the
currently assumed reservoir model. Direct determination
of the oil saturation is used in a new reservoir model

and does not require knowledge of the Archie equations,
formation resistivity and type of rock wettability. The results
of applying the new estimation method for oil saturation are
considered below (Table 1).

Oil and Gas Recovery Factors

It is considered that the reserves initially in place
(geological reserves) could never be completely
recovered and delivered to the surface. Is there any
substantiation of this point of view, and if there is, what is
the essence of it?

The impossibility of complete recovery of free gas
reserves from sub-surface is substantiated by physical
factors: when gas pressure in a pool becomes equal

to surface pressure + pressure of a gas column from
surface to pool, drawdown, which enables recovery

of gas from the pool rocks and its movement to the
wellhead, disappears. But the pool itself would still

have some energy potential remaining, which means
that some gas reserves would still remain there. A gas
recovery factor is a calculated value which does not
vary significantly from 1 and, therefore, recoverable gas
reserves do not vary significantly from reserves initially in
place (geological reserves). The accuracy of estimation of
initial (geological) reserves pre-determines the accuracy
of estimation of recoverable reserves.

Unlike the case with gas, the impossibility of complete
recovery of geological oil reserves is assumed as an
axiom, i. €. a point which does not require to be proved.
However, any axiom was at some stage a theorem which
had to be proved, after which it would become an axiom.
The proof would normally be very quickly forgotten and
the axiom then would be accepted as something that
stands to reason without the need for any additional
confirmation. It would be reasonable to ask a question:
who proved, and when, the impossibility of full recovery of
geological oil reserves? There is a simple answer to this
question: nobody ever asked it.

The hypothesis of pool formation suggests that
hydrocarbons, migrating through rock masses in a dissipated
state, are accumulated in reservoirs where the voids were
initially filled with water. One could build the following
scheme: when a pool is formed the water is displaced by
hydrocarbons and during production, oil is displaced by
water. If one adheres to this hypothesis one should also use
the same approach when studying cores, initially oil should
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N3Bnekaemble 3anacbl,0THOCUTESIbHbIE eaunHULbI Recoverable Reserves, Relative Units

CymmapHas

Pacuet ons o6bl4HOM
MoLEesiN KoJIleKTopa

Calculation for the

Pacuet onsa HoBon
MoLesin KoJIIeKTopa

Calculation for the New

HaKoruieHHas gobbiya
Total Cumulative

Production Traditional Reservoir Model | Reservoir Model
1 1 1,380 1,050
2 1 1,343 0,963
3 1 1,295 1,078
4 1 1,833 1,051
5 1 1,267 0,975
6 1 1,134 1,072
7 1 1,411 1,026
8 1 1,253 1,058
9 1 1,483 0,984
10 1 1,597 1,032
11 1 1,363 0,965
12 1 1,132 1,010
13 1 1,451 1,093
14 1 1,423 0,989
15 1 5,560 0,991
16 1 1,288 0,955
17 1 1,166 1,066
18 1 1,135 1,053
19 1 1,460 1,018

Tabnuua 1. ConocTaBneHve 13BneKaeMbIX 3anacoB HedTH

Table 1. Comparison of Recoverable Oil Reserves

[0 3aN1eXKu, MepecTaHeT CyLLIECTBOBATbL ASMpeccus,
obecrneurBaoLLas U3BEYEHNE rasa 3 MOPOL, 3aUIeXN U

€ro MPOABKEHME K YCTBIO CKBaXKVHbI. HO B camol 3aiexxi
€LLe OCTaHETCS OMPeaeIBHHbIN SHEPreTUHECK NMOTeHLA,

be pushed through a core sample fully saturated with water
and then the oil should be displaced with water.

However, it is done differently. A sample is saturated with

YTO ¥ MPEaonPensnseT OCTaTOK B HEN HEKOTOPOWM 40/
3aracoB rada. KoahmuuyeHT n3BeveHns rasa — pacHeTHas
BESIM4MHA, HE3HAYMTENBHO OT/InYatoLLasacs ot 1. [Noatomy u
13BSIEKaEMbIE 3arachl ra3a He3HAYMTENBHO OT/IMHAKOTCS OT
FeONIOMMYECKIX 3arMacoB. TOYHOCTb, C KOTOPOW OnpeagneHbl
reosIoMHECKME 3anachl, MPeaonPenensieT TOHHOCTb OLEHKN
13BIEKAEMbIX 3aracoB.
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oil under vacuum after which water is pushed through.
Saturation of a sample under vacuum enables oil to
reach numerous very small pores which it could never
reach in naturally occurring conditions of rock and from
which oil could never be pushed out by water injection.
Using this study method, oil displacement factor (which is a
component of oil recovery factor) would always be below 1,
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B oTinume oT raza, HEBOSMOXXHOCTb MOSTHOIO
M3B/IEYEHUSI FEONTOMMYECKMX 3arnacoB HedTH
NPUHUMAETCS 32 aKCUOMY, T.e. 3a NOJIOXKEHNE, He
Tpebytollee aokasatenbcTs. Ho nobas akcrnoma korga
TO OblSla TEOPEMOW, MOANEXALLEN OOKa3aTeENbCTRY. M
TOJIbKO MOC/Ie 3TOro cTana akcrmomMon. [lokasaTelbCTBO
00ObIYHO DBICTPO 3abbIBAETCS 1 aKCMoMa NMPUHNMAETCS
Kak camo cobon pasymetoLeecs 6€3 AONMOIHUTENbHbIX
NMOOTBEPXKAEHNA. YMECTEH BOMPOC: KTO XKe 1 Korga
[oKasan HEBO3MOXXHOCTb MOSTHOMO U3BJ1EYEHNS
reosorn4eckmx 3anacos HehT? OTBET NPOCTON: HUKTO
1 HMKOra He 3adaBasics NoaobHbIM BOMPOCOM.

['MnoTesa hopMMpPoBaHWS 3anexxen Npeanoaaraer,
YTO YrNeBOAOPOOb!, MUTPUPYIOLLME Yepes TOSILLN
MOPOA, B PACCEAHHOM COCTOSIHUM, aKKyMYJIMPYKOTCH
B KOJIIEKTOPAax, MyCTOTHOE MPOCTPAHCTBO

KOTOPbIX NepBOHaYasibHO GbI10 3aNOIHEHO BOOOW.
BbicTpanBaeTca cxema: npu (hOpMUPOBaHNN 3aNexut
BO[A BbITECHSETCA Yr/IeBOAOPOAAMU, NpW 00ObIHE —
HeOTb BbITECHSETCH BOOOW. ECM Npuaep»XmBaTbCs
TakoW rMnoTesbl, TO U UCCedoBaHWe KepHa CregoBasio
Obl NPOBOAUTbL MO aHaNoOrn4yHom cxeme. T.e.,

4yepes obpasel, NopoAbl, MOJHOCTHIO HACBILLIEHHbIN
BOOOW, MPOroHATbL CHavana HehTb, a 3aTeM BOAOM
BblOaBnMBaTh ee 06paTHO.

MocTtynatoT no gpyromy. OBpaseL, HachIWLAOT HEPTLIO
Nof, BakyyMOM, a 3aTeM Yepes Hero NpoaaBAMBatoT
BoAy. HacebileHre obpaslia B Bakyyme obecrne4nBaeTt
MPOHVKHOBEHNE HETU B MHOTOYMUC/IEHHbBIE MOPbLI CTOSIb
Masioro pasmepa, B KOTOpPblEe OHA HE MOXET MPOHUKHYTb
B €CTECTBEHHbIX YC/IOBUSX 3a/1eraHnst rOpHbIX Mopom, 1
N3 KOTOPbIX MPOKAYKOWN BOAbl HEDTb HUKOrAa He byaeT
BblaaBneHa. [Npu Takon MeETOAOMOMN UCCNEN0BaHNS
06pasLoB KOIMPULMEHT BbITECHEHUS HEDNTU N3 HINX
(cocTaBHas 4acTb KO3 MULIMEHTA N3BIEHEHUS HEDT)
Bcerpga 6ynet MeHblle 1, a pesynbTaTbl NOA06HbIX
NCCNeaoBaHNn Cy»XaT «Hay4HbIM 060CHOBaHMEM»
pacnpoCTpaHeHHOro M1Uda 0 HEBO3MOXXHOCTW MOJSIHOMO
N3BNEYEHNS HETU N3 3aSIEXN.

BeeneHuve B npakTuky noacyeTa koadhduumeHTa
naenedveHns Hedhtn (KH), KoTopbin 0BbIHHO 3HAYUTESNIBHO
MeHbLUe 1, BNeYeT HeO60CHOBaHHOE pasfesieHne
FeOIOrMHECKNX 3aracoB Ha Te, KOTOPbIE MOXXHO

M3BJIEYb N3 NOPO[, 31X 1 [OCTaBUThL Ha MOBEPXHOCTb
(M3BNEKaemMble), 1 Ha Te, KOTOPbIE U3BMEYb V3 MOPOL,
HEBO3MOXKHO (0cTaTouHble). CnenoBaTenbHO, 3apaHee
npegnonaraeTcs, YTO NMOCIE OKOHYaHWA pa3paboTKy
3a/1eXn 60/bLIas YaCTb HEMTU NPOOYKTUBHOMO rnjiacTa
OCTaHETCS B HeApax.

KosmuumeHT nasneveHnsa HehTn — HagyMaHHbIN

(baKTOp, KOTOPbIM MOXXHO JTerkoO MaH1nynpoBaThb B
HY>XHOM Hanpas/ieH B 3aBUCMOCTW OT MOCTaB/1€HHbIX
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and the results of such studies are used as the basis for a
“scientific substantiation” of the myth that recovery of all of
the oil contained in a pool is not possible.

Introducing into practice an oil recovery factor (ORF) which is
normally considerably below 1 results in an unsubstantiated
division of reserves-in-place (geological reserves) into those
which could be recovered from the pool and delivered to the
surface (recoverable reserves) and those which could not

be recovered from the rock (residual). Thus, it is assumed in
advance that after an oil pool development most of the ail in
a pay formation would remain subsurface.

An oil recovery factor is an unsubstantiated factor

which could be easily manipulated and steered in the

right direction, depending on set objectives, challenges
and subjective views on the issue of oil recovery. Thus,
comparatively recently an ORF was a product of three
factors: oil displacement, conformance and sweep
efficiency. All of these factors are below 1 and their
subsequent multiplication reduces the oil recovery factor.
Should an “oil recovery increase” be required, one of these
factors would be promptly forgotten.

Calculation of Recoverable Reserves

Calculation of discovered reserves by the volumetric
method is extensively used worldwide. The calculation
formula for the ail is:

Q=SH®S_ (3), where

Q —reserves initially in place (geological);

S - oil productive area;

H — average thickness of an oil-producing part of reservoir;
@ — average interconnected porosity;

S, — average oil saturation.

At first glance, using formula (3) appears quite logical. Indeed,
a product of oil productive area and reservoir thickness
determines the volume of rock in the pool. Multiplying rock
volume by void volume and subsequently — by an oil saturation
factor determines volume of ail in the voids of pool rocks.
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RESERVOIR ESTIMATION

Lenen, pellaemMblx 3agay 1 CyObeKTVBHbIX B3r1s40B Ha
npobnemy HedTemssnedveHns. Tak, elle CpaBHUTENBHO
HenaBHO KVIH npeacTaBnsi npon3BegeHmne Tpex

KOS PUNLIMEHTOB: BbITECHEHUS HEDTU, OXBaTa
BbITECHEHMEM, OXBaTa 3aBOAHEHEM. Bce OHM MeHblLe
1 1 X NOCNeaOBaTENBHOE NEPEMHOXEHNE YMEHbLLIAET
KWH. MoTpeboBanock «yBennunTb HeTeoTaaqy» 1 npo
ONH N3 KO3 MOULIMEHTOB TYT XKE 3a0bInN.

PacuéT nsenekaembix 3anacos

[MNoacHéT pasBedaHHbIX 3arnacoB OOBbEMHBIM CMIOCOOOM
LUMPOKO MPUMEHSETCS BO BCeM mMupe. Popmya pacyéTa
ans HedTu:

Q=SHKK, @), roe

Q - 3anachbl reosI0rMyecKme;

S - nnowagp HehTEHOCHOCTY;,

H - cpegHas ToNLWMHA HETEHOCHOW YaCTW KOJIIIEKTOPS,;
K. - cpeaHnin Koath@ULIMEHT OTKPbITON NOPUCTOCTA
KOJIIEKTOPA;

K, - cpeaHmnin KoathmULIMEHT HEDTEHACBILLIEHHOCTV
KOMeKTopa.

Ha nepBbI B3rnga npuMeHenmne popmy bl (3)
NPELACTaBNSETCS BMOSIHE TOMVMYHBIM. [JencTBUTENBHO,
npousBedeHne nnoaam HeTEHOCHOCTM 1 TOLLMHDI
KOJIIEKTOpa onpeaensdeT 06bEM Nopos, 3a1EXN.
YMHOXeHME 06bEMa MOPOA Ha KOSPDUUMEHT
NOPUCTOCTU ONMpedenseT 06béEM MyCTOT 1 CrenyoLLee
YMHOXEHWE Ha KOS PUUNEHT HEDPTEHACHILLLEHHOCTN
onpenensgeT 06bEM He(TU B MyCTOTHOM NPOCTPaHCTBE
nopoL, 3aexu.

OpHako rcnonb3oBaHue B (3) KoathduumeHTa OTKPbITON
NOPUCTOCTN HAXOOUTCH B IBHOM MPOTUBOPEYNN C
pesybTaTtammn UCCreoBaHnsg 06pasL/oB MOPOL Ha
pacnpegesnieHne pasMepoB MOPOBbIX KaHAIOB 1 X
y4acTus B NpoHULaeMocT. Kak nokasaHo Bbille,

4aCTb OTKPbITOW MOPUCTOCTU KOJISIEKTOPA 3aroJIHEHA
OCTaTOYHOM BOAOW U HE MOXXET CNY>XNTb EMKOCTbIO A5
HedTu. MoacTaHoBKa B (3) KoadhduLMeHTa OTKPbLITOM
MOPUCTOCTU aBTOMATUHECKN MPUBOOUT K 3@BbILLEHNIO
EMKOCTW, 3anOoNIHEHHOW HETLIO. ECnn NpuHATL

BO BHMMAaHWE TakXe 3aBbllleHne KoahduumeHTa
HedTEHaCHILLLEHHOCTW, ONPEAENSEMOro CTaHAaPTHbIM
CnocoboM Mo 3aBUCUMOCTY (2), TO CreacTBUEM
NCNob30BaHVA (hopMybl (3) ByaeT 3aBbllleHne
reosIOrMYeCKmX 3anacoB HeddTK.

/13BNeKkaemble 3anachbl PaCCHUTLIBAIOTCS YMHOXKEHMEM
H6anaHCOoBbIX 3anacoB Ha KOSMMULIMEHT N3BNEYEHVS
HedbTW, onpedeseHne KOTOPOro B HACTOSLLEE BPEMS
TpebyeT 3HaHUA KO3 duULMEHTa BbITECHEHWS HEDTU 1
KOathuLMEHTa oxBaTa BbITECHEHNEM. KO3 dULMEHT
BbITECHEHMS OLEHMBAETCS MO OaHHbIM MOAENNPOBaHUA
npouecca Ha KepHe (MeTogoa0rmyeckast oLMBOYHOCTb
NPUMEHAEMOro ceryac noaxoda nokasaHa paHee).
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However, using an interconnected porosity clearly
contradicts the results of rock sample studies to
examine distribution of pore channels and their
contribution to permeability. As shown above, part
of the reservoir with open porosity is filled with
residual water and could not act as a container for
oil. Substitution in (3) of an open porosity factor
will automatically lead to over-estimating the size
of the container filled with oil. If one is also to

take into account over-estimation of oil saturation
determined by the standard method using function
(2), the consequence of using formula (3) will be over-
estimation of oil reserves initially in place.

Recoverable reserves are calculated by multiplying
in-place reserves by an oil recovery factor which
currently requires the knowledge of oil-displacement
and sweep efficiency. Displacement efficiency is
estimated based on the results of a modelling process
using core samples (error in the currently used method
was described above). Sweep efficiency is estimated
using the results of hydrodynamic calculations based
on different well patterns. All of the above takes a long
time and involves significant costs.

A new reservoir model allows direct calculation of
recoverable reserves without using reserves in-place
and oil recovery factor.

From the substantiation of the new reservoir structure
model it follows that, if calculating hydrocarbon
reserves by the volumetric method, the use of effective
porosity and oil saturation (in the area of effective
porosity) in (3), (instead ® and S ), willimmediately
provide the volume of recoverable reserves.

KoahhuumeHT oxBaTta OLEeHMBAETCS MO pesyNbTaTam
MMAPOONHAMUYECKMX PACHETOB AJ151 PA3HbIX CXEM
pPacCTaHOBKM CKBaKMH. Bce aTo TpebyeT annTeNbHbIX
3aTpart BPEMEHU 1 3HAYUTENbHbBIX (DUHAHCOB.

HoBas Mofesib KoeKTopa No3BoSET
HenocpeacTBEHHO paccynTaTb U3BJIEKaeMble 3anachl
663 MCNoJsIb30BaHKs reonornyeckrx sanacos 1 KIH.

13 060CHOBaHMS HOBOW MOOEM CTPOEHUS KOSI1IEKTOPa
cnenyeT, 4To, eC/M NpW NoAcHETE 3anacoB
YFAEBOAOPOA0B O6BbEMHBLIM CMOCOBOM B (3) N0ACTaBUTb
3 PEKTNBHYIO MOPUCTOCTb N ee HEDTEHACHILLEHHOCTb
(BMECTO cpeaHen OTKPbITOM MOPUCTOCTU W CPEedHEN
HeddTeHaCbILLEHHOCTW), TO cpasy NoJly4M O6bEM
N3BJIEKAEMbIX 3aMacoB.
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