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B riepBovi 4acTv CcTatby OCHOBHOE BHYIMaHME GbI/10 YAe1eHO
OBOCHOBaHWIKO CTPRYKTYPbI KOJIEKTOPA U 40Ka3aTe/IbCTBY
haKTHECKOrO CYLLIECTBOBAHIST MPVIHLIMMEITIBHO VIHOM
monesm. Bo BTopov 4acTu yriop CAesiaH Ha MpakTu4eckme
[PE3Y/IbTATBI CTO/Ib30BaHMSI HOBOM MOLEM KOJI/IEKTOPa
OTHOCUTESIbHO MMHSITOV Ha CEroaHs Moaesmn. JJokasaHsi
SIBHbIE MPEVMYLLIECTBA MOMEHEHVS] HOBOV MOAE/IN [/15
[PELLIEHIST aKTyasTbHbIX 334a4 B MOACHETE M3B/IEKAEMbIX
3aracos, 40bbI4e HehTH 1 pa3paboTKE MECTOPOXKACHMIA.

TouyHOCTb NoacyéTa 3anacos
HesaBrcmmo oT cnocoba noacyéra 3anacoB BaXKHENLLVM
SABAETCS BOMPOC TOYHOCTW pacyéTa.

B PO kputepriem TOYHOCTI Cy»KaT MPOTOKOJb

rOCY0apPCTBEHHBIX OPraHoOB C YTBEPXKAEHHLIMN OO bEMaMN
Fe0sIOrMUECKIMX 1 N3BIEKaeMbIX 3aMacoB Mo KOHKPETHOM
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The first part of this article (ROGTEC Issue 40) focused on
the rationale, structure and proof of the actual existence of
a fundamentally different model for the accurate estimation
of an oil and gas reservoir. The second part focuses on
the practical results using the new model adopted by

the author with respect to today’s models. We prove the
advantages of the new model to solve problems in the
calculation of the estimation of recoverable reserves within
oil and gas.

Accuracy of Reserves Estimation
Irrespective of the method used to estimate the reserves,
the main issue remains, the accuracy of the estimate.

In the Russian Federation the criteria for accuracy are

protocols of the state authorities, stating approved
volumes of geological and recoverable reserves in
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RESERVOIR ESTIMATION

3a1eXn UM MECTOPOXXAeHW0. Ha 3anane kputeprem
TOYHOCTU SBMSIETCHA 3aKITHOHEHME, COCTABIEHHOE BHYTPEHHM
VI BHELUHVM ayMTOPOM, WM HE3ABNCYMBIM OLLEHLLIMIKOM,
N 3KCMEPTOM. ECTb 4TO-TO 0BLLIEee MeXXAY HaMN 1 HAMIA?
EcTb. Bo Bcex cnydasx Kputepmem TOYHOCTU CIY>XKUT
MHeHME. 1l He MEET MPUHLMMMANBHOMO 3HAYEHNSE KEM OHO
CHOPMYIMPOBAHO: FOCYAaPCTBOM, CMELMaI3NPOBAHHOM
UPMON NV YaCTHbIM NNLIOM. JTioBoe MHEHME 3TO
CYOBEKTUBHOE BOCTIPUSTUE U OTPEMKEHWE OENCTBUTENBHOCTU.
OHO He SBIFETCS U HE MOXET BbITb KPUTEPUEM TOHHOCTU.

[ocToBepHOCTL NoAcHeTa pa3BedaHHbIX 3anacoB
onpenenseTcs He NPOToKoNamMK FocyapCTBEHHOM
kKommccum no 3anacam (F'K3) n LeHTpanbHOM KOMUCCUM Mo
pazpaboTke (LIKP) 1 He 3akto4eHnsaSMN MEXKOyHaPOOHbIX
ayauTOPOB, a peasibHbIMM hakTamn. HeT Hidero 6onee
TOYHOr0, OOBEKTMBHOMO 1 AOCTOBEPHOMO, YeM OO bEMBI
MONE3HOrO VMCKOMAEMOro, A0bbITble N3 Heap. KOHKPETHO:
HakonneHHast 4o6bl4a HEPTN HA MOMEHT MOJTHOrO
0BBOAHEHWS MPOAYKUMM 3a51EXKM, UV HAKOMIEHHas
0obblba rasa Ha MOMEHT, Korja AaBfeHue rasa B 3a/1exu
CTaU10 paBHbIM OaBJIEHNHO Ha NMOBEPXHOCTN+OaBsieH e
cTonba raza OT MOBEPXHOCTU A0 3anexxu. CpaBHMB pacyeT
€ haKToM, y3HaeM peasibHyH TOYHOCTb MOAcHeTa.

B aToM cBSA3M 0bpalLaeT Ha cebs BHUMaHMe CreaytoLLee.
HedhTerasosbie KOMMaHMM BO BCEM MUPE PETYISPHO
COo0BLIAa0T O AMHAMMKE CBOMIX 3arnacoB. Ho elle Hu pasy
H OJHa KOMMaHWA He OnybnnKoBasia CPaBHUTENbHbIE
OaHHbIE YTBEPXKOEHHBIX K [OObIME OOBEMOB
YrNEBOAOPOOOB 1 haKTUHECKM A0DbBITbIX MO KOHKPETHBIM
3anexam. [NprirHa: 60bLLIOE NPEBbILLEHVE PACYETOB
Hag, 0o6blven. MNybavkaums nogobHbIX CBEOEHWN YpeBaTa
0151 OBON KOMMaHNM CEPBE3HBIMU PENyTaLMOHHBIMU U
hMHAHCOBbIMM MOTEPSIMUA.

B TabaviLe 1 nprBoaMTCst COMOCTaBIEHME N3BIEKAEMbIX
3anacoB HedhTW, pacCHMTaHHbIX MO CTaHOAPTHOW METOOVKE
(MOACHUET recNOrNYECKMX U YMHOXKeHWe X Ha KH) n Ha
OCHOBE HOBOW MOZENN KOSINekTopa. B nocneoHem cnyyae
BblIM CNOb30BaHbl APMEKTUBHAS MOPUCTOCTb 1 MNPSMOE
onpeneneHve HedTeHacbILLeHHOCTW. [ yoobcTea
CpaBHEHVS CMOJIb30BaHbl OTHOCUTESTbHBIE MOKA3aTENN.
HakonneHHas gobbida npuHsaTa 3a 1. o BceM 3anexam,
O KOTOPbIX MOACHET N3BIEKAEMbIX 3aracoB NPOBOAMIICA
OBbIYHbIM MyTEM, OTMEYEHO TOTBKO 3aBbILLEHME PACHETOB
OTHOCUTESTbHO HaKOMIEHHOM O0ObIuM. [nana3oH
3aBbileHns +(13-556%). Ecm »ke HakomeHHyo o0bldy
MO KaKOOW U3 3a1eXKEN OTHECTU K MMNOTETUYECKOMN
€0VHOV 3aM1eXU, TO PacHeT MPEBbILLIAET A0ObIYY Ha

63%.B abcontoTHbIX 3Ha4eHmsX 310 bonee 400 MAH.T
HedTW. Hpe3MepHO BOMbLLIOE PACXOXOEHNE PaCHETOB

1 hakTa 06yCnoBAEHO UCMOIb30BAHMEM B pacHeTax
3anacoB 3aBbILLEHHOMO KO3MMULMEHTA MOPUCTOCTU

(oT 3 0o 14 pa3) 1 3aBblLLEHHOro kKoadduLeHTa
HedTeHacbILLEHHOCTY (0T 2 0o 5 pa3).
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a specific deposit or field. In the West the accuracy
criterion is a conclusion made by an internal or an
external auditor, an independent estimator or an
expert. Do we have something in common here? We
do. In both cases the accuracy criterion is an opinion
and essentially it does not matter who produced this
opinion — a state, a specialised company or a private
individual. Any opinion is a subjective perception

and reflection of reality. It is not, and can never be, a
criterion for accuracy.

The accuracy of estimation of discovered reserves is
determined not by the protocols of the State Reserves
Committee (GKZ) and the Central Development
Commission (CDC) and not by the conclusions of
international auditors but by real facts. There is nothing
more accurate, objective and reliable than the volumes
of minerals produced from subsurface, to be specific,
the cumulative oil produced before the start of full
water encroachment in the field and the cumulative gas
produced by the time when the gas pressure in the well
becomes equal to the pressure on the surface plus the
pressure of the gas column from the surface to the pool.
By comparing the estimate with fact we find out the real
accuracy of the estimation.

In this respect the following attracts attention: Oil and

gas companies throughout the world regularly produce
reports on the dynamics of their reserves. However, not

a single company has ever published data comparing
their approved hydrocarbon reserves to the hydrocarbons
which were actually produced from specific field. The
reason for the above is significant over-estimation of
reserves compared to actual production. Publishing

this kind of data could seriously damage a company’s
reputation and lead to financial losses.

Table 1 shows comparison of recoverable oil reserves
estimated by the standard method (calculation of
geological reserves and multiplication by an oil recovery
factor) and reserves estimated on the basis of the new
reservoir model. In the latter case, effective (saturated by
hydrocarbons) porosity and direct determination of the
oil saturation were used. For ease of comparison, relative
indicators were used. Cumulative production is assumed
as 1. In all the fields for which recoverable reserves were
estimated by the usual method only the over-estimation
of cumulative production is observed. The over-estimation
range is +(13-556%). If we assume that cumulative
production from each deposit comes from a hypothetical
single deposit, the over-estimation is 63%. In absolute
terms this exceeds 400 million tonnes of oil. Excessive
discrepancy between the estimate and actual production
is due to the use of over-estimated porosity factor (void
volume) (by a factor of 3 - 14) and over-estimated oil
saturation factor (by a factor of 2 - 5).
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3anexb

Deposit
HakonieHHas 0obbiva
Total Cumulative

Pacuet nnsa o6biyHON
MoLesin KoJIleKTopa

Calculation for the

N3Bnekaemble 3anacbl,0THOCUTESIbHbIE eaunHULbI Recoverable Reserves, Relative Units

CymmapHas

Pacuet onsa HoBon
MoLesin KOJIJIeKTopa

Calculation for the New

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 V3BneKaeMbIX 3amnacoB HeMTH
Table 1. Comparison of Recoverable Oil Reserves

Mo 3TM XKe 3a/1eXaM PacXOoXKOeHVEe MexXdy 3arnacamu,
paccUNTaHHbIMW Ha OCHOBE HOBOW MOAENM KONJIEKTOPA,

1 HaKOMIEHHOM A0DbIYe cocTaBuno oT -4, 5% 00 +9,

3%; 0N rUnoOTETUHECKON 3anexin £2%.Takm obpasom,
pacyeT N3BJIEKaeMbIX 3aracoB He)TV C UCTOJIb30BaHEM
HOBOW MOAENM KOJINIEKTOPA aBTOMAaTUYECKM 06eCTeqBaeT
TOYHOCTb MOACHETA He BbIXOASILLYHO 3a pamMki +£10%.

[Mpu noacyeTe reoIorMYecKmxX 3anacos CBOOOAHOMO ra3a

0OBEMHBIM CNOCOOOM MPUMEHSAETCS Ta »ke DOpPMyNa, YTO
1 019 HedpTu. Ho, Kak 1 Mpu NoACHETE re0IOrMHECKNX
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Discrepancy between reserves estimated for the same deposits
on the basis of the new reservoir model and cumulative
production was in the range of -4,5% to +9,3%; for the
hypothetical deposit it was +2%. Thus, estimating recoverable
oil reserves using the new reservoir model automatically
ensures that the estimate accuracy does not exceed +10%.

When estimating free gas geological reserves by using the
volumetric method the same formula is used as with oil.
However, similarly to estimating geological oil reserves,

in this case porosity factor and gas saturation were over-
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3anacoB HedhTU, B 3TOM C/ly4Hae TakKe 3aBbiLLIArOTCS
KO3 MDULMEHTBI MOPUCTOCTU W Fa30HACHILLIEHHOCTU,
NPUBOOSLLME K 3aBbILLEHWIO 3anaco.. [prnyem 3anachl
CBOBOJHOMO rasa 3aBblLUeHbl B 3HAYUTENbHO OObLLEN
CTENeHN, Yem 3anacbl HeTU.

[NocnegHee obycnosneHo cneoyroLlyM.bonbluas YacTtb
MNOACHATAHHBIX FEOSTIOMMHYECKUX 3anacoB HedITV U rasa -
3anacbl BUPTyaJlbHble, (PU3NHECKN HE CYLLIECTBYHOLLIME.
YMHOXEHNE FE0NOrMYECKMX 3anacoB Ha KO3MMULIMEHTDI
N3BMIEYEHMS MO CMbICTY — abcypl, T.K. HUKaKMX
MaTeMaTUHECKVX OENCTBUA C HECYLLIECTBYIOLLIIM
MPOU3BOANTE HEb3H. APUDMETUHECKN XXE YMHOXKEHNE
y1Ca Ha BE/MHMHY, MEHbLLYIO 1, CHDKAET camo

ymcno. MNosTomy nsBnekaeMble 3anacsl HePTV Bceraa
3aMETHO HKE reoniornyeckmx. [1ns ceoboaHoro

rasza Koo OUUMEHT 13BMEYEHMS BM30K 1 1 Mexay
FEOTOrMHECK/MU 1 USBIIEKAEMBIMI 3aracamii MOXXHO
CTaBUTb 3HaK paBeHCTBa. HO Tak Kak reosiorMyecKkme 3anaco!
CBOOOAHOrO rasa 13Ha4aibHO CYLLECTBEHHO 3aBblLLIEHbI, TO U
N3BJIEKaEMbIE 3arachbl MHOFOKPATHO MpeyBeYEHb!.

CpaBHuTe/bHbIE AaHHbIE, MPUBEAEHHbIE B Tab/MLE 1,
CBUOETENBCTBYIOT O 3aBblLLIEHHbIX OLIEHKAaX 3aracoB BO BCEM
MMPE BCIEACTBME METOOVNHECKMX OLLMOOK MPaKTUYECKOrO
CNOSIb30BaHVA hopPMyJSIbl 0OBEMHOMO criocoba. Ho ans
MPUHSTON 1 UCMOJIb3YEMOW Cenvac B pacHeTax Moaesn
KOJIIEKTOPA HYEMO APYroro U HE MOXKET ObIThb.

["aseTa The Independent B Homepe oT 3.8.2009r.
onybrKoBana MHTEPBBIO C MNaBHbIM SKOHOMUCTOM
International Energy Agency r-Hom Fatih Birol. OH 3aaBun,
YTO BbINOJIHEHA MOAPOBHas oueHka 6osiee 800 HePTAHbIX
MECTOPOXXAEHWI MO BCEMY MMPY, YbM 3anachl COCTaBIAOT
34 MMPOBbIX 3anacos HehTw. [NageHne nponssoacTaea

Ha 3TUX MECTOPOXXAEHMSX, MPOLIEALLINX MK 006bIHN,
COCTaB/sEeT 6, 7% B rof, N0 CPaBHEHMIO C TeMMoMm 3, 7%
B rod, npenckasaHHsiM B 2007 AreHTCTBO NpUsHaUo
Bonee paHHUIA NPOrHO3 HEBEPHBIM. [1ouTK ABYKpaTHOE
yBesIMYeHe TeMna naaeHnst 000bIHM ABASETCS MPSIMbIM
CeOCTBMEM CYLLECTBEHHOMO 3aBbILLEHMS 3arnacoB B
3KCNITyaTUPYEMbBIX MECTOPOXOEHNSX. TakM 0Bpasom,
BbIBO[, @BTOPa CTaTbl O MOBCEMECTHOM 3aBbILLIEHNM
3anacoB, OCHOBAHHbIN Ha JINYHbIX UCCNEO0BAHUSAX U
MPVIMEHEHI HOBOW MOLEN KOJIIEKTOPA, NMOATBEDXOEH
ABTOPUTETHBIM MEXOYHaPOOHbIM areHTCTBOM.

OctartouHada HedpTb

B ogHow 13 cTpaH, nmetoLLien 6onee, YeM BEKOBOW OMbIT
HebTenobbI4N, HA OOHOM N3 CTAPENLLIMX MECTOPOXKAEHNIA
Oblna OCyLLECTBIEHA NporpamMma creupvanbHoro oypeHms.
|_||eJ'Ib - BbldBJ1IEHNE 1 YCTaHOBMNEHE CTerneHn OCTaTOYHOM
HebTeHaChILLIEHHOCTU paHee SKCMJyaTUPOBaBLLNXCS
nnacToB. B pesynbTaTte 6ypeHnst HUKaKMX MPU3HAKOB
CYLLIECTBOBaHWSt HE(OTU B BblpaboTaHHbIX, paHee
HedbTeHaCbILEHHbIX NnacTax, He YCTaHOB/IEHO.
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estimated which resulted in over-estimation of reserves.
Notably, free gas reserves are over-estimated considerably
more than oil reserves.

The latter is due to the following: The major part of
estimated geological oil and gas reserves are virtual
reserves which do not actually exist. Multiplying geological
reserve by an oil recovery factor is absurd as mathematical
operations should not be performed on something which
does not exist. Arithmetical multiplication of a number

by a value lower than 1 reduces this number. For this
reason recoverable oil reserves are always considerably
lower than geological reserves. Free gas recovery factor

is close to 1 and one could put an “equal” sign between
geological and recoverable reserves. But as geological
reserves of free gas are initially significantly over-estimated,
recoverable reserves are repeatedly overestimated.

The comparative data shown in Table 1 prove the over-
estimation of reserves around the world as the result of
methodological errors in the practical use of the formula
in the volumetric method. But the current reservoir model
adopted and used for calculation of reserves could not
possibly produce any other result.

On 3.8.2009 The Independent newspaper published an
interview with Mr. Fatih Birol, the Head Economist of the
International Energy Agency. He stated that a detailed
assessment was made of over 800 oil fields where
recoverable reserves account for three quarters of the
world’s oil reserves. Production drop in these fields which
are past their production peak is 6.7% annually compared
to the annual rate of 3.7%, forecast in 2007. The Agency
admitted that the earlier forecast was wrong. An almost two
times increase in production drop rate is the direct result of
considerable over-estimation of reserves in the producing
fields. Thus, the conclusion made by the author of this article
regarding over-estimation of reserves all over the world,
based on his personal studies and using the new reservoir
model, is confirmed by a recognised international agency.

ROGTEC | 71



B OLIEEHKA KOJIJIEKTOPA

OTCyTCTBIE KAKOM-MBO OCTATOYHOM HEPTN B
MPOOYKTVBHBIX MiiacTax MOXXHO Takxke HabnoaaTb B
paspesax CKBaKMH Ha MECTOPOXKAEHUSX, AJIUTENbHOE
BPEMST HAXOOSALLMXCS B pa3padboTke. [porpecc B 0b6iacTtu

TEXHVIKM, METOOVKM N TEXHOMOMM
1CCNenoBaHns paspes3oB No3BoNSeT
KOHTPO/IMPOBATb HACLILLEHHOCTb
nsiacToB yrjieBoaopoaaMn Ha
NtoboM aTane pas3padoTKy 3aEXU.
B yacTHOCTU, BO3MOXKHO V3MepeHme
3NEKTPUYECKOrO CONPOTUBIEHNS
naacTa npu HaJinmynm B CKBaXKMHE
06CcaHOM KOJIOHHbI, YTO

Mo3BONSIET ONPeaenTb TeKyLLee
HebTeHaCbILLIEHME.

Puc.3 nnnoCctprpyeT cpaBHeHMe
COMPOTUBNEHWI, 3aMEPEHHbIX

B OTKPbITOM CTBOJIE U HYEPE3
06caaHyto KOMTOHHY. Mpn nepBrHHOM
OCBOEHWM N3 KOJIIEKTOPA B
MHTepBasne xx85-xx97 M 6bin
MONy4YeH NPUTOK 6e3BOAHON HEDTU
nebutom cabille 80 m3/cyT. Yepes
25 neT nocne Ha4ana JoodbI14n
M3MEPEHHOE COMPOTUBIIEHME
COOTBETCTBYET PaCHETHOMY
conpoTtueneHno nnacta npy 100%
BOOOHACILLIEHHOCTU. W thakTn4ecku
13 CKBaXKWHbI MOJTyYatoT BOAY,
3aKaumMBaeMyro 419 NoAAEPKaHMS
naacToBoro gasneHvs. (13
BbILLIESIEXXALLIErO KOJI/IEKTOPA,

[ONs1 KOTOPOrO COMPOTUBIEHNS,
3aMepeHHbIE B OTKPbITOM CTBOJIE

1 B O6CaKEHHOW CKBaXKMHE,
PaBHOLIEHHbI, MO3XE MOJTyHEH
hOHTaHHbIN NPUTOK 6€3B0AOHOM
HedTW).

B npuHnumaemon cenvac mogenm
KOJINeKTOpa Takoe NPUHLMAMaIsLHO
HENPUEMIEMO N3-3a aKCUOMbI
HEBO3MOYXHOCTW MOJSIHOrO
V3B/IEYEHUST FTEONOMMYECKMX
3anacoB. B HOBOM Mogenu Tak

1N OO/MKHO ObIThb, Tak Kak HETb 3anoHaANa TONIbKO

3 PEKTUNBHYIO MOPUCTOCTb 1 OblNia MONHOCTLIO
BbITECHEHA 3akadBaeMow Bogon. MNpumep
noaTBeP>KAaEeT OTCYTCTBME OCTATOYHOW HETK B MiacTe
(K =0), pymTenbHoe BpeMst MPOMbIBaBLLIErocs BOAOW.
JTrobow HenpenybeXxaeHHbIN cCneuanucT—reonor,
reoOn3nNK, MHKEHEP—MOXKET JINYHO Habmogatb TO

»KE camMoe, BHUMATETbHO aHaM3unpyst aHaormyHyto
MHOPMaLMIO NOCe NPOBEAEHNS COOTBETCTBYHOLLIMX

MCCNEea0BaHNM B CKBabKMHE.
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Residual Oil

In one of the countries, with over a century of ail
production history, a special drilling programme was
implemented in one of the oldest fields. The purpose
of this drilling was to identify and
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determine the residual oil saturation
of previously producing formations.
As the result of the drilling no
evidence of oil in previously

100
100

depleted oil-saturated formations

I
I
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was found.

foy]

The absence of any residual oil

in pay formations could also be

noted in well logs in the fields which

had been in development for a

[+

L]

long time. Technical achievements

and advances in methods

and technology of subsurface

&

exploration enable monitoring

T of hydrocarbon saturation in

formations at any stage of field

development. In particular, it is

possible to measure formation

resistivity in a cased well which

enables the measurement of the

current oil saturation.

Fig. 3 compares resistivities

measured in open hole and casing.

In the course of the initial reservoir

development in the xx85-xx97 m

interval water-free oil was produced

at a rate exceeding 80 m3/day. 25

years after the start of production,

measured resistivity corresponded

to design formation resistivity at

100% water saturation. In fact, the
well produced water was injected

to support formation pressure. (The

PucyHok 3. ConocrasneHme
COMPOTVIBNEHNS MIACTOB B OTKPLITOM
CTBOSIE 1 B OBC&KEHHOW CKBEXKVHE

overlying reservoir where resistivities
measured in open and cased holes
were equal, later produced water-
free flow of oil to the surface).

Fig. 3. Comparison for formation resistivity

in open and cased holes

In the currently assumed reservoir
model this is not acceptable
because of the axiom that full recovery of geological
reserves is impossible. In the new model that is how it
should be because the ail filled only parts of the reservoir
with effective porosity and was completely displaced by
the injected water. The example confirms the absence of
residual oil in formation (S_=0), which had been displaced
by water for a long time. Any unbiased specialist — a
geologist, a geophysicist or an engineer could himself
observe the same by carefully analysing similar information
after having performed respective borehole investigations.
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YkagaHHble (hakTbl CBUOETENBCTBYIOT O TOM, YTO

OaxKe Npu COBPEMEHHOM - SKOObI, O4EHb HU3KOM -
TEXHOMOMYECKOM YPOBHE PasBuUTSA 00bIHM HEDTN,
NOCNeOHsIA MOMHOCTBIO U3BMEKAETCS N3 HEOP U
[OCTaBASETCA Ha MOBEPXHOCTb. CIIOXKMBLUMECS U LLMPOKO
pacnpoCTpaHeHHble NPEACTaBEHNS O TOM, YTO HOSbLLAas
4YacTb 3arMacoB HEMTN HE MOXET ObITb A0ObITA «CErOaHSA»
N OCTaETCA B HEAPAX, YTO HALLUM MOTOMKMN CMOTYT et0
BOCMOJ/Ib30BATbCH «3aBTpa», OCHOBaHbI Ha AOMbIC/AX,
NPEONONOXKEHUSAX, TOMNYECKX MOCTPOEHNSX U MOJSIHOM
NFHOPUPOBaHUM pearbHbIX (haKTOB, HEXENAHUM CHNTATLCA
C OENCTBUTENBHOCTHLIO.

B 57O CBA3M OTMETVM HEKOPPEKTHOCTL CPaBHEHWIA

KOS MOUUMEHTOB 13BIeYeHNs HedbTr No Poccum 1 no
apyrum ctpaHam urypupytoliyix 8 CMU, BbICTynneHnsx
9KCMEPTOB, KOHCY/TbTAHTOB, AO/PKHOCTHBIX JINL, (OBBbIMHO
B TakoM Buae: B PO cpeonun KVIH~0, 3, a, gonyctim, B
Hopserun - 0, 48). Pasnnunga KVIH no pasHbiM CTpaHam,
B cpaBHeHun ¢ PO, BbI3BaHbl HE OTCTaBaHeM Poccum

B TEXHOOMUN AOObIYM 1, COOTBETCTBEHHO, MEHBLLIM
3Ha4eHneM, a OOBACHAKOTCS MPUHLMNABHBIM Pa3INYNEM
B METOOOI0MM NOACHETA N3BIIEKAEMbIX 3aracoB,
npumeHsemort B PO n B cucteme PRSM. Bo Bcex cTpaHax
peanbHast N3BIEKaeMOCTb HehTV OfavHakoBa. OOHaKo B
MPUHSITON Ccernvac Mo KOJIEKTopa noaobHoe pasnnyme
KO3(PULINEHTOB N3BIEHEHNS HEDTU HEN3OEXKHO.

[NpvBeQeHHbIE faHHbIE TMLIHAA pa3 NOLTBEKAALOT, HYTO
KOSMMMOUUMEHT U3BEYEHNE HE(DTU B €ro TENEPELLHEM
MOHUMaHWM 1 MPUMEHEHNM HE MMEET Nof, COBoi
BECKOro 060CHOBaHUS, a SBASETCHA CPEACTBOM MMOKOro
MaHEBPUPOBaHMS C LIESbO OO BSICHEHNST OLLMOOK B
noac4éTe 3anacoB 1 A00bIuM HedTn.

Y1o maet HoBasA moLoesib CTPYKTYpPbI KOJIleKkTopa
[okasaHHast HoBasi MOLEb CTPYKTYPbI KOUIEKTOPA
obecne4nBaeT, NPexae BCero, NoACcHET 3anacos C
TOYHOCTBHO, MPUHLIMAMABHO HEOOCTVXKMOW MpK
NCNOJIb30BaHUM MPUHATON Cenvac MOAENM KOMNIEKTOPA.
[MprHemM MPOMCXOOUT 3TO aBTOMATUYECKU, TOMBKO 32
CYET NMPpUMeHeHMs camoi Mogenv. B aton mogenm
HedpTera3oHachILLEHNE ONPEedeNsSeTCs HanPaMYHO.

[ns yero He TpebyeTcst 3HaHWE YpaBHEHI Apun,
YAEBHOrO SIEKTPNHECKOrO COMPOTUBIEHVA M1acTa,
TyNa cMa4BaeMOoCTV Nopof,. B pamkax HoBow Mogenmn
Cpasy paccHMTbIBAIOTCA V3BMIEKaeMble 3anacsl. V1 ang
TaKOro Pacy&Ta He Hy>XKHbI HIA Fe0SIOrMYECKME 3anachl,
H1 KINH, HI pa3Hble CXeMbl PaCCTaHOBKWN CKBaXKMH, HA
MOpPOOVHaMNYECKNE PacHETbI

MpuHMas BO BHUMaHVE HOBYIO CTPYKTYPY KOJIIEKTOPa,
MO>XHO YBEPEHHO MPOrHO3MPOoBaTh LigHy HedbTu, Byaylliee
paspPaboTKL 3anexei yrneBoaopoaos. PeanbHOCTb
MPOrHO30B MPOAEMOHCTPMPYIO Ha paHee Peann3oBaHHbIX
KOHKPETHbIX MprMepax.
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The above facts confirm that, even with the modern,
supposedly very low technological standard of developing
oil production, the latter is completely recovered from
subsurface and delivered to the surface. The established
and widely spread ideas that a large part of oil reserves
could not be produced “today”, remains subsurface, and
that our descendants will be able to use it “tomorrow” are
based on conjectures, assumptions, logical constructions,
complete denial of actual facts and lack of desire to take
reality into account.

In this respect let us mention errors in comparing oil
recovery factors in Russia and other countries in the
media, presentations delivered by experts, by consultants
and officials (it normally is presented like this: the

average oil recovery factor in the Russian Federation is
approximately 0.3, and say, in Norway - 0.48). Differences
in oil recovery factors in different countries compared to the
Russian Federation are caused not by Russia lagging behind
in production but the fundamental difference in reserve
estimation methods used in the Russian Federation and the
PRSM system. The actual oil recoverability is the same in all
countries. However, in the currently assumed reservoir model
such differences in recovery factors are inevitable.

The given data confirm, once again, that the oil recovery
factor, the way it is understood and used now, does not
have any valid substantiation but is a flexible manoeuvring
tool to justify errors in reserve estimation and oil recovery.

What is offered by the new reservoir

structure model?

The proven new model of a reservoir structure, firstly,
enables estimation of reserves with an accuracy which
could not be achieved in principle by the current
reservoir model. It happens automatically, just by using
the model itself. In this model, oil and gas saturation is
determined directly and no knowledge is required of the
Archie equation, formation resistivity and rock wettability.
The new model enables, straight away, calculation of
recoverable reserves. And, such calculation does not
require geological reserves, oil recovery factors, well
pattern and hydrodynamic calculation.

Taking into account the new reservoir structure enables
confident forecasting of oil price and future developments
of hydrocarbon pools.

Article [1] published in 2006 contains an explanation of an
oil barrel price increase. | would like to remind you that in
2008 the price of a barrel more than doubled compared
to that in 2006 and reached almost 150 US Dollars. The
same article described conditions which would lead to

oil price reduction: (1) industrial collapse; (2) appearance
of new energy sources. We can currently observe a
combination of both conditions: recession, stagnation,
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B OLEHKA KOJIJTEKTOPA

B ctatbe [1], onybnmkosaHHowm B 2006r., 060CHOBaH POCT
CTOMMOCTU B04KN HedhTW. HamomHto, YyTo B 2008r. CTOUMOCTb
Bappens Bospoca bonee, Yem BOBOe OTHOCUTENBHO 2006T. 1
poctvrna nodt 1503 CLLUIA. Tam »e 6bUi CthopMyIMpoBaHs!
YCINOBUS! CHYDKEHWS LieHbI HedTV: (1) MPOMBILLIEHHDBIN
Ko1anc; (2) NosiBfEHME HOBbIX NCTOYHKOB SHeprn. B
HaCTOsILLIEE BpemMs HAbIFOOaETCs COMETaHNE OBOMX YCIOBUM:
peueccust, ctarHauus, KpamHe He3Ha4nTebHbIN POCT
SKOHOMUKM B OTAETBHBIX MOOMBILLIIEHHO Pa3BUTbIX CTPaHaX, C
OOHOW CTOPOHbI, + YCMEXI «CMaHLIEBON PEBOMOLNA», C OPYron
CTOPOHbI. 4TO 1 MPUBENO K CHDKEHNIO CTOMMOCTY 6appens
Bonee 4eM B 2 pasa. Ecnm »ke pocT 3KOHOMUKM Pa3BUTbIX
CTpaH OOCTUIHET, MO KpanHen Mepe, 3-3, 5% B rof, To LegHa
HedTW YCTaHOBUT HOBbIN Pekop. YpesBblHaiHO BaXKHO
VMETb BBULY, HTO MHOMOYCIEHHbIE areHTCTBa, SKCMNepThl,
KOHCY/IbTaHTbI B CBOWX MOCTOAHHO MEHSFOLLIMXCS MPOrHO3ax
HVKOr4a HE MPUHVMAKOT BO BHUMaHME CyLLECTBEHHOE
3aBblLLIEHNE 3aMacoB Yr/IEBOA0POAOB Y BCEX KOMMaHMIA
MMPA, YTO 3aHVKAET PeasTbHbIA TEMM CHIPKEHWS [0ObIMM Ha
MECTOPOXXAEHUSX, MPOLLEALIVX €€ MK,

B paboTe [2] npuBeagH MpOorHo3 Ao0bIHM MO OTAEbHBIM
MECTOPOXAEHMSAM HEQITU Pa3HbIX KOMMaHWA. ELLe cTaTbs
He BblLLLNA 13 NevaTi, Koraa onepatop ny6smyHO 06bABIAN
O CyLLIECTBEHHOM 3aBbILLIEHN 3aMacOB MO OAHOMY 113
MECTOPOXAEHNI, YKa3aHHOMY B CTaTbe. TeM CambIM
roATBEPOVB NMPOrHO3 aBTopa cTartbu. 1py 3ToOM MNoYTH

3a TpW roga ¢ Havana paspaboTki Aobbiba He JoCTUrNa
3an1aHPOBAHHOIO YPOBHS 1 KOMMaHNS Oblia BbIHY>XAEHA
crmcarb cBbllle 70% 3anacoB. T.e. pacHéT 6onee |Yem B

3 pasa npeBbIC (haKT.

[MoroHs 3a 6e3yAe>XHbIM MOMONHEHEM 3aracoB

pouuna oo abeypaa. Tak, K3 B 2014r. pekomMeHoosana

Mo pesynbTartam BypeHVs eaNHCTBEHHOW MOMCKOBOM
CKBaVKVHbI Ha CEBEPHOM LLeNbde PD (He 3Has H1 nnoLaam
HETEHOCHOCTW, HM MJIOLLGAN FA30HOCHOCTW, HU CREOHMX
NapamEeTPOB 3a/1EXEN) MOCTaBUTb Ha OCyAaPCTBEHHbIN
6anaHc cabile 100 MAH.T HedbTU 1 nodT 500 MnNpa.M3 raza.
Onmpasicb Ha HOBYKO MOAESb KOJIIEKTOPA, MOXKHO 3apaHee
NMpPeaBUaETb, YTO BOsIbLLIAsS HYacTb YKa3aHHbIX 3aracoB
OKaVKETCS OUBNHECKIM HECYLLIECTBYHOLLIVIMIA.

3akJioueHue

CTpoeHue KonekTopa, Copepxallero HedpTb W

ras, NpedcTaB/IfeTcs B HACTOSILLEE BPEMS C/INLLKOM
MPOCTbIM, & MEHHO: BCSt OTKPbITasi MOPUCTOCTb BMELLIAET
YrNeBOAoPOObl COBMECTHO C MIIEHKON OCTATOYHOM BOAbI.
MonobHoe ynpoLLEeHHOe NpeacTaBneHe CTRYKTYPbI
KONJIEKTOPa NPUBOOUT K MPYObIM OLLIMOKAaM, OCOBEHHO
3aMETHbIM MPW NOACHETE 3anacoB HeddTL 1 raza. VICTOUHMK
OLLMBOK — Cyrybo METOOMYECKME MPOCHETHI, MPUBOOSALLVE
K 3aBblLLEHMIO EMKOCTW MOPOL, 3aU1EXKM N CTEMNEHU e€
3arosIHeHNs yrnesodopoaamMn. KopeHb OLLIMOOK — HeBepHas
MOJE/b CTPOEHMS KONeKTopa. PeanbHas cTpykTypa
KOJIIEKTOPA 3HAYNTENBHO CIIOXKHEE, YEM NMPEaCTaBISeTCs.
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very insignificant economic growth in some industrially
developed countries, on the one hand, and successes of
the “shale revolution”, on the other hand. This combination
resulted in the price of a barrel of oil being more than
halved. However, if annual economic gross in developed
countries reaches 3-3,5%, the oil price will break a new
record. It is very important to bear in mind that numerous
agencies, experts and consultants in their forever
changing forecasts never take into account a considerable
over-estimation of reserves by all companies in the world
which reduces the actual drop in production rate in those
fields which are no longer at peak of production.

Publication [2] shows production forecasts for some oil
fields by different companies. The article had not even
been published when the operator publically declared that
there was a substantial over-estimation of reserves for one
of the fields referred to in the article. Thus, it confirmed the
forecast given by the author of this article. The production
never reached the planned level in three years from the
start of the development and the company had to write
off 70% of their reserves, i.e. the estimate was more than
three times higher than the actual production.

The race to continuously increase reserves became
absurd. In 2014 the State Committee for Reserves (GKZ)
recommended that, based on the results of drilling a
single appraisal well in the northern shelf in the Russian
Federation (without knowing the oil- or gas-bearing area
or any average pool parameters) over 100 million tonnes
of oil and almost 500 billion cubic metres of gas should be
recorded in the state books as assets. Based on the new
reservoir model it is possible to forecast that most of the
indicated reserves will turn out to be non-existent.

Conclusion

The structure of a reservoir containing oil or gas as currently
presented is too simple, i.e. all interconnected porosity
contains hydrocarbons with a film of residual water. Such a
simplified view of a reservoir structure leads to serious errors
particularly when estimating oil and gas reserves.

The source of these errors is merely method-related mis-

calculations leading to over-estimation of rock volume in a
pool and the degree to which it is filled with hydrocarbons.
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RESERVOIR ESTIMATION

OTKpbITast MOPYCTOCTb COCTOUT K3 ABYX YacTem, OaHa

N3 KOTOPbIX OBECMEYMBAET MPOHMLIGEMOCTL MOPOAb! U

ee PUNbTPALMIOHHYIO CMOCOBHOCTb; MMEHHO 3Ta YacTb
KONMEKTOPA 1 TOSIbKO OHA BMELLIAET YrieBoaopoap!
COBMECTHO C M/IEHKOM OCTaTo4HOM BoAp!l. [pyras 4actb
OTKPbITOM MOPUCTOCTU HEMPOHMLGEMaS 1 He OblajaeT
PUNLTPALMOHHOW CMOCOBHOCTLIO; 3Ta YaCTb KONNEKTOPA
MOJSIHOCTHLIO 3aMno/IHEHa OCTATOYHOM BOAON.

Cnocobbl 06paboTKM re0IOMMYECKON U re0th3nHECKON
NHpopMaLWK, YYTbIBaOLLME HOBYHO MOAESb CTPOEHMIS
KOJIIIEKTOPA, NMO3BONSAIOT U30eraTe METOANHECKNX
NpocHeTOB. [prMeHeHVe 3TVX CNOCOO0B NPeaoCTaBNSET
BO3MOXXHOCTb [0BUTLCS TakoM TOYHOCTI OLIEHKMN
pasBefaHHbIX 3anacoB O6bEMHbBIM CMIOCOBOM, KOTOPas
MPUHLMMNANBHO HE MOXET ObiTb OCTUIHYTA MpK
OpVIEHTaLMN Ha MPUHSTYIO CeyYac MoAesb KONIeKTopa.

[ansHerLee 1cnons30BaHe HOBOM MOAEN KOJIIEKTOpa
MOTPEOYET PEBM3NM TEOPUMN, METOAOB 06PabOTKM 1
VNHTEPMPETaLMW OTAEbHBIX BUAOB KapoTavka, MepecMoTpa
MPVEMOB MOCTPOEHUS FEOSIOMNHECKMX U MOPOAMHAMUYECKIX
mMogenen sanexxe. MpUHUMNManbHO BMEHSIKOTCS
TPeOOBaHNS K CYyTV PabOThl NHXEHEPA-MPOEKTUPOBLLMKA.
B pamkax OencTBytoLLIEN CTRYKTYPbI KOJIIEKTOPA OH
pacCUMTLIBAET CHaYasa recsIor4ecKme 3anachkl Hedtn

1 3aTeEM 0BOCHOBbLIBAET KOSMDULIMEHT N3BEHEHUA

019 Pa3NINYHBIX CXEM PACCTAHOBKM CKBaXKMH. [loacyeT
N3B/IEKAEMbIX 3aMaCOB BEAETCA (hakTUHECKM B iBa aT1ana u
TpebyeT A0NTOBPEMEHHDBIX M AOPOrOCTOSALLIMX UCCIEA0BaHIA
KepHa 1 pacyEToB Ha OBM. B pamkax HOBOW CTPYKTYPb!
KOJIIEKTOPA CPagy pacCUMTbIBAKOTCS V3BMEKAEMbIE
3arachl, MpUYeM O/19 TaKOrO pacyéTa He Hy>KHbI H
reoIoMHECKME 3anachl, HU KOSMMOULMEHT N3BIEYEHS
HEeTI, HY Pa3/INYHbIE CXEMbI PACCTAHOBKU CKBXKVH, HI
MAOPOOVMHAMNYECKME PACHETLI. 3apaHee 3Hast 3T 3anachl
N IMEST TE0STOMHECKYHO MOAESTb 3aJ1EXW, OCHOBHAS 3afada
paspaboTyMKa TaK PacCTaBUTb CKBEXKMHbI, MPUMEHTb
TaKVe TEXHUKY 1 TEXHOJIOMKO, YTODbI B Pa3yMHbI CPOK 1 C
HaVMEHBLLIMM 3aTpaTamm O00bITh 3B/EKaEMbIE 3arachl.

HoBas Moaesb CTPOEHVSt KONNeKTopa obycnaBBaeT
He TO/IbKO KapauHasibHOe M3MeHeHVe TpeboBaHWi

K OeATeNIbHOCTM PaspaboTurka, HO TakKe SB/IAeTCS
OCHOBOW MPUHLMAMABHO HOBOW TEXHOIOTN A00bIHM
Hed TV 1 pa3pPaboTKM MECTOPOXOEHUI.
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The root of the errors is an incorrect reservoir structure
model. The actual reservoir structure is considerably
more complicated than it is presented. Interconnected
porosity consists of two parts one of which ensures
rock permeability and fluid flow. It is precisely this

part and only this part of the reservoir which contains
hydrocarbons together with a residual water film. The
other part of the reservoir with interconnected porosity
is not permeable and does not allow fluid movement;
this part of reservoir is filled with residual water.

The methods of processing geological and geophysical
data which take into account the new reservoir structure
model make it possible to avoid miscalculations related to
the old calculation methods. The application of these
methods provides the possibility to achieve an accuracy
of reserve estimation by the volumetric methods which
could not be possibly achieved by the reservoir model
used currently.

Further use of the new reservoir model will require revision
of the theory, processing methods and interpretation of
some types of logging, as well as re-consideration of the
methods of building geological and hydrodynamic pool
models. The requirements of the essence of a reservoir
engineer’s work would also have to be changed. Using
the current reservoir structure a reservoir engineer

first calculates the geological oil reserves and then
substantiates a recovery factor for well pattern. In fact,

the recoverable reserves are estimated in two stages and
require lengthy and expensive core studies and computer
calculations. Using the new structure, recoverable reserves
are estimated straight away while there is no need to

know geological reserves, oil recovery factor, well pattern
and hydrodynamic calculation. Knowing these reserves in
advance and having a geological model of pool, the main
objective of the reservoir engineer would be to use such
well pattern and technical equipment and technology
which would enable the extraction of recoverable reserves
within a reasonable time period and with the lowest cost.

The new reservoir model does not only mean radical
change in the requirements to the work of a developer but
is also a fundamentally new technology for oil production
and field development.
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