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Estimation of oil recovery factors on the basis of geological and hydrodynamic simulation is very cost- and time-
consuming. As a result, re-estimation of recoverable hydrocarbon reserves is performed over long periods of time without
any more short-term corrections of estimates. The approved oil recovery factors can become outdated due to the changes in
the economic conditions of development or a misalignment between actual development and design conditions. For reliable
estimation of remaining recoverable reserves at oil production objects, it is critically important to establish in-operation
control of oil recovery factors reliability, including their objective achievability within specific time frames.

Based on the example of Perm region oilfields, the paper analyzes the practice of annual geological and financial estimation of the
reserves according to international standards. A conclusion has been made that it is necessary to perform similar control of
recoverable oil reserves estimated as per the Russian classification. Several options of in-operation control are available for approved
oil recovery factors: use of analog-statistical methods, displacement characteristics, production decline rate analysis. The methods
are based on various physical regularities, their effectiveness to a large extent dependmg on the quality of input 1nf0rmat10n and the
stage of the production object development, as well as on the economic conditions.

Case studies are used to analyze tlln'le effectiveness of control of the approved oil recovery factors. For early development
stages, use of multivariate analog-statistical dependencies drawn from geological parameters built for specific production
objects was found to be the most effective method. The long history otg Perm Krai oil fields development and a relatively
large number of production objects at late stages of recovery make this statistic approach feasible.

At late stages, more reliability can be obtained by using methods based on the displacement characteristics and oil
production decline rate taking into account the economic limit of development. The suggested control method involves use
of statistic dependencies relying on both geological and technological parameters. Comprehensive use of multiple method
approaches helps achieve a more reliable estimation of the remaining recoverable reserves at the production objects.

Orenka Kkod(QQHIMEHTOB M3BlIeYeHHs HETH HA OCHOBE TI'€OJIOTO-IMIPOJAMHAMHYECKOrO MOJIEIMPOBAHUA TPEOyeT OOMbIIMX
(MHAHCOBBIX M BPEMEHHBIX 3aTpar. B pesynbrare mnepecueTsl M3BIEKAEMBIX 3allacoB YIVIEBOJOPOJIOB BBINOJIHSIOTCA Uepes
JUIMTEILHOE BPEMs M B IIpeJielax 3HAYMTE/IbHBIX BPEMEHHBIX MHTEPBAJIOB MX OLEHKH HE KOPPEKTHPYIOTCS. YTBEpPIKIECHHbIE
K02(QHIMEHTBI U3BIIEYeHNs HEDTU MOTYT 3HAUUTENLHO TEPATH AKTYAIBHOCTh B CBA3U C M3MEHEHHEM SKOHOMUYECKHX YCIIOBHit
Pa3paboTKM MM HECOOTBETCTBHEM (DAKTHUECKMX YCJIOBHH Pa3paOOTKH NpPOEKTHbIM. JIisi IOCTOBEPHON OLEHKHM OCTAaTOYHBIX
U3BJIEKAEMbIX 3a1acOB HE(TAHBIX SKCILTYaTalMOHHBIX OOBEKTOB KpaliHEe BaXKHO ONEPATMBHO KOHTPOIMPOBATH OOOCHOBAHHOCTH
KO3 (MUIHEHTOB U3BICUEHHS HE(TH, B TOM YHCIIE €r0 00BEKTHBHYIO JOCTHKMMOCTh B KOHKPETHBIC BPEMEHHbIC CPOKH.

B crarbe Ha npumepe HE(TAHBIX MECTOPOXkIEHHi IIepMCKOro perMoHa BBINOJIHEH aHAM3 MNPAKTHKH IPOBEJICHHUS
€KETO/IHOM reoJI0r0-3KOHOMHYECKOH OLIEHKHU 3aIlacoB 10 MEX/yHapOAHbIM cTaHnapTaM. CuenaH BbIBOJ O HEOOXOIUMOCTH
AHAJOTMYHOTO KOHTPOJIS M3BJIEKAEMBIX 3aracoB He(TH, IOACUMTBHIBAEMBIX 110 POCCHicKOil Knaccupukanuu. M3BecTHO
HECKOJIPKO HAIpaBJIeHWil ONEPaTMBHOIO KOHTPOJISI OLEHKH YTBEPKICHHBIX KOI(POUUUEHTOB H3BIECUEHUS HEDTH:
NPUMEHEHUE aHAJIOTO-CTaTHCTHIECKUX METOMOB, XapaKTEPHCTHK BHITECHEHHUS, aHAIN3 TEMIIOB MaJeHUs JoObI4H. MeTob!
OCHOB@HBI Ha PAa3IM4HbIX (PU3HMUYECKUX 3aKOHOMEPHOCTSX, HX 3()(PEKTHBHOCTb BO MHOTOM 3aBHCUT OT KaueCTBa HCXOJHOI
MH(OPMALHUHU U CTaAUU Pa3pabOTKM KCILTYaTalHOHHOTO 00BEKTa, OT 3KOHOMUYECKHUX YCIOBH.

Ha KOHKpPETHBIX IIPHMEpax paccMOTpeHa 3(G(EKTHBHOCTh KOHTPOIIS YTBEPKICHHBIX KO()(ULHEHTOB U3BICUeHH HEYTH.
Jlnst paHHuX cTazuii paspaboTKu mpu 5ToM Haubonee 3Q(PEKTUBHO NPUMEHEHNE MHOTOMEPHBIX aHAIIOTO-CTATHCTHYECKHX
3aBUCHMOCTEH Ha OCHOBE I'€OJIOTHMYECKMX IMOKa3aTeleil, MOCTPOCHHBIX ISl KOHKPETHBIX JKCILTyaTal[HOHHBIX OOBEKTOB.
JlnmuTensHBI TIepHOJ pa3paboTKH MECTOPOXKACHHUH HepMCKOFO Kpas M JOCTATOYHO OOJIBIIOE KOJUYECTBO OOBEKTOB,
HaXOJSIIMXCS Ha TO3/IHUX CTAAUsAX BHIPAOOTKH, O3BOJISIOT PEATH30BATh TAKOH CTATHCTHYECKUIT TOAXOM.

Ha nos3aHux crajgusx GOJNBIIYIO JOCTOBEPHOCTb MPHOOPETAIOT METO/bI HA OCHOBE XapaKTEPUCTHK BBITECHEHUS M TEMIIOB
TajieHust 00bIYM He(TH C ydeTOM SKOHOMHYECKOTO Mpesiesia peHTabeabHOCTH pa3paboTku. B kayecTBe KOHTpOJIS MOTYT
OBITh MCIOJIB30BaHbl CTATUCTUYECKUE 3aBUCUMOCTHU C NPUBJICUYEHUEM HE TOJBKO I'€OJOIMYECKUX, HO M TEXHOJIOrMYECKHX
nokasateneil. KoMiiekcHOe MCIOJb30BaHUE Pa3IMYHBIX METOIHYECKHMX MOJXOJI0B MO3BOJNSET 0oJiee HAJIEKHO OLEHHUThH
OCTaTOYHbIE U3BJIEKAEMBIE 3a11aChl SKCILTYaTAllHOHHBIX OOBEKTOB.

Sergey V. Galkin (AuthorID in Scopus: 36711675500) — Doctor of Geology and Mineralogy, Professor, Dean of the Mining and Oil Faculty (tel.: +007 902 631 20 13,
e-mail: doc galkin@mail.ru). The contact person for correspondence.
Tatyana B. Poplaukhina (Author ID in Scopus: 36712371500) — PhD in Engineering, Associate Professor, PhD in Engineering (tel.: +007 342 219 82 07,

e-mail: poplaukhinatb@gmail.com).

Nina G. Luzina (Author ID in Scopus: 55531632200) — Leading Engineer of the Department of Geological and Economic Assessment of Field Reserves (tel.: +007 342 233 61 94,
e-mail: Nina.Luzina@pnn.lukoil.com).

Dmitriy S. Lobanov — 1% Category Engineer of the Department of Geological and Economic Assessment of Field Reserves (tel.: +007 342 233 61 93,
e-mail: Dmitrii.Lobanov@pnn.lukoil.com).

Roman 1. Emashov — Head of the Department of Geological and Economic Assessment of Field Reserves (tel.: +007 342 233 61 99, e-mail: Roman.Emashov@pnn.lukoil.com).

laaxkun Cepreii BiaguciiaBoBu4 — JOKTOP TI€0JIOTO-MHUHEPAIOTHYECKUX HayK, mpodeccop kadeapbl HedrerasoBeix Texuomoruit (tem: +007 902 631 20 13,
e-mail: doc galkin@mail.ru). KoHTakTHOE JTHIIO 1T EDETTHCKH.

Honnayxuna Tatesina BoprcoBHa — KaHIMIAT TEXHHYECKHX HAVK. JIOIEHT Kadensl Hedrera3oBbix TexHomorni (Tem.:+007 912 881 79 39. e-mail: poplaukhinatb@gmail.com).
Jly3una Huna TeHnaabeBHA — Be/TyIIMii HEDKEHED OT/IENa reoJI0ro-5KOHOMHUYECKO# OLICHKH 3aracoB MecTOpoXkIeHH i (Tei.: +007 342 233 61 94, e-mail: Nina.Luzina@pnn.lukoil.com).
Jlo6anos JImurpmii CepreeBHY — MHKEHEp IIEpBOH KaTeropuu OTJENa TI'e0JOro-dKOHOMHUYECKOH OLEHKM 3amacoB MecTopoxaenui (ten.: +007 342 233 61 93,
e-mail: Dmitrij.Lobanov@pnn.lukoil.com).

EmamoB Poman MropeBHY — HaUaJIbHHK OT/IEJa F€0JI0r0-3KOHOMIYECKOH OLICHKH 3ariacoB MecToposk/eHHi (Tei.: +007 342 233 61 99, e-mail: Roman.Emashov@pnn.lukoil.com).

Bectauk ITHUITY. 'eonorus. Hedreraszosoe u roproe nemno. 2019. T.19, Ned. C.322-334. DOI: 10.15593/2224-9923/2019.4.2



ISSN 2224-9923. Perm Journal of Petroleum and Mining Engineering. 2019. Vol.19, no.4. P.322-334 323

Introduction

In determination of remaining recoverable
reserves (RRR) and oilfield development design, the
main parameter driving the reliability of predictive
calculations is accuracy of oil recovery factor (ORF)
estimation. ORF value describes the share of initial
recoverable reserves (IRR) which can be extracted
out of the reservoir, from the initial oil in place
(IOIP) in the course of development of the reservoir
using state-of-the-art proven production technology
and technique until economic limit is achieved,
observing the requirements for protection of
subsurface resources and the environment.

The most common method for ORF estimation is
digital geological-hydrodynamic simulation (DGHS)
which suggests simulation of oil reservoir
development processes using software tools. This
method has been implemented in the oil producing
industry of Russia since 1990s, and is recommended
for use by the current regulation [1]. DGHS provides
a basis for calculation of various scenarios for
development of oil reservoirs with varying number of
production and injection wells, recovery rates etc.
Examples of effective use of DGHS during oilfield
development design are given in [2—4], including
those applied in Perm Krai territory [5—10]. The most
cost-effective oilfield development option must be
approved by governmental authorities, each
production object being attributed a design ORF jegign.

Undoubtedly, DGHS is the most reliable way for
determining ORF, provided that qualified geological
technology data is available. However, this method is
very cost- and time-consuming, which leads to long
intervals between ORFeon calculations, in most
cases exceeding 10 years. As a result, over time the
approved ORF e can become largely outdated due
to a variance between the design and actual
development parameters and because of the changes
in the economic conditions of development. Taking
this into account, it is extremely important to
establish in-operation controls for reliability of
ORFgeign  in production objects, including its
objective achievability within specified timeframe.

The subjectivity of ORF estimation in a
production object is much higher than the
subjectivity of IOIP estimation, at least due to its
dependency on the well spacing and development
system. Reliable ORF determination is only possible
when using a scientifically justified methodological

approach that takes into account the entirety of
geological and technology conditions of oil
production objects development.

Impact of oil reserves geologic
certainty degree on effectiveness
of ORF in-operation control methods

Several options of in-operation control are
available for estimation of the approved ORFs: use of
analog-statistical methods, displacement
characteristics, oil production decline rate analysis.
The methods are based on various physical
regularities, their effectiveness to a large extent
depending on the quality of input information and the
stage of the production object development.
Combined use of various approaches provides for a
more reliable RRR estimation at the production
objects.

Presently the in-operation control of hydrocarbon
reserves’ status is first of all associated with the
geological and economic estimation of reserves
(GEER) after the international standards. Regional oil
producers perform GEER on an annual basis, the results
being subject to approval by international auditors as an
annual statement on reserves [11-13]. The authors find
that the practice of in-operation (annual) control should
be likewise in place for control of RRR in the oilfields
approved according to the Russian classification.

A distinctive feature of the Russian (formerly
Soviet) classification of hydrocarbon reserves is its
focus on the degree of geologic certainty. The need
to take into account the cost of reserves and to
coordinate ~ with the essential international
classifications resulted in the modifications of the
Russian classification that have been endorsed for
implementation by the instruction of the RF
government since 2002 [14]. Economic reserve
estimation criteria must be among the priorities to
help the state implement a more effective policy for
stimulation of investments in oil and gas industry
[15]. As of today, efforts in this area resulted in the
“Classification of reserves and resources of oil and
fuel gases” (2013) [16].

Such sources as [15, 17, 18] pose the problems
inherent in the current Russian classification,
specifically its insufficient reliance on economic
criteria. In-operation RRRs control, that takes into
account the cost-effectiveness of their development,
can significantly mitigate this problem. Effectiveness
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of these ORF control methods is to a large extent
determined by the degree of geological certainty of
reserves at the production object and, accordingly,
the stage of its development.

Due to the diversity of geological conditions and
applied development systems, it is not always
possible to uniquely determine the development stage
of a field [19]. This task wusually requires a
comprehensive account of such parameters as
average production rate, water cutting of well
production, well stock transfer to mechanical method
of production, and gas factor growth [20]. For Perm
Krai, as of 2018, the development stages of
production objects had the following distribution:
9.6 % objects — first stage; 21.6 % — second stage;
66.1 % — third stage; 2.7 % — fourth stage.

Use of analog-statistical methods in ORF
estimation at production objects
of early development stages

Apparently, during the process of oilfield
development ORF is influenced by many factors:
geological (determined by the nature of production
objects) and technological (determined by
development conditions). At initial development
stages, reliability of information is often
low, which, among other things, strongly
deteriorates DGHS quality. In the opinion of the
authors, in such conditions the most effective option
is in-operation estimation of ORF on the basis
of analog-statistical models.

Analog-statistical methods for ORF estimation
have been used in Perm region since 1980s [21-24]. An
acknowledged advanced method is to wuse
multivariate analog-statistical dependencies which
help estimate ORFy on the basis of a set of
geological and technical indicators. The statistical
methods are more resistant to the quality of input
factual information and can therefore be
implemented on the basis of the data of averaged
geological and technological oilfield development
characteristics. Thus it is possible to use these
methods to control DGHS reliability, which is
particularly important for the design of new oilfields
and in-operation RRR estimation.

The most comprehensive analysis of ORF
estimation effectiveness using the analog-statistical
methods in Perm Krai territory is given in [25]. Its
conclusion is that it is difficult to adjust methods

developed for other territories (Kazakh Institute of
Oil and Gas, API, LLC TatRITEKneft and others) to
the needs of Perm Krai. As a more justified option, it
is proposed to apply statistical dependencies to the
analysis of “regional” fields development and for
specific production objects (Bsh, T1-Bb-Ml, T-Fm)
[25]. Due to the long history of oilfields development
in Perm Krai and a sufficiently large number of
objects at late stages of recovery, it is possible to
implement this statistical approach. Examples of
successful use of statistical dependencies for Perm
Krai production objects are given in [25-28].

Analog-statistical dependencies must be regularly
updated. Otherwise, the statistical methods fail to
take into account the new development technologies
and cause a systematic ORF underestimation.
Therefore, if calculations are performed using
relatively “old” dependencies, it is crucial to compare
the obtained ORF estimates with the recently
established ORF 4in in analogous objects.

Use of displacement characteristics in ORF
estimation at production objects
of late development stages

In the case of steady dynamics of development
parameters and remaining reserves recovery
indicators, favorable conditions exist for the use of
express estimation statistical models for solving in-
operation design tasks [29]. One of the key
characteristics influencing the forecast of reserves
recovery in production objects is the dynamics of
well production water cutting [30].

In [31, 32] models are provided for forecasting
the dependency of water cutting dynamics (w) on
reserves recovery (1) for reservoirs developed with
flooding. Dependencies w = f(n) are built separately
for terrigenous and carbonate deposits in various oil
viscosity ranges, taking into account the well stock
movement dynamics and influence of well
interventions (WI) to reduce water influx. Examples
of calculation results are given in fig. 1, a, b.

For the vast majority of production objects
(see fig. 1, a) there is an alignment between the
estimated and actual dynamics w = f(n). It is an
evidence of reliable ORFyign estimation, which is a
desirable condition for late development stages.
Significant deviations from forecast models that are
found in approximately 5 % cases are related to
incorrect IRR and, consequently, ORFeign
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estimation. Actual water cutting is above model
values for production objects with reserves recovery
and ORFdesign overestimated vs. actual.

X
%0 Chd sec?
£ /N
2 . D o l.
5 N -~
5 - A
= ) R

oe®

Recovery of reserves, %
a
B _eee°r* o°
éf) —— l' . .0'..
£ et evaee
N L]
3 AC
° .
% o* Cey (XX 24 *
3 0
L]
L
L]
lo
Recovery of reserves, %
b
e Actual e eee Forecast

Fig. 1. Dynamics of actual and model water cutting
dependency on recovery of reserves at reliable (a)
and overestimated (b) forecast of design ORF
at the production object

In Fig. 1, b at w = 60 % actual } amounts to 19 %
versus 25 % in w = f{n) dependency. Hence, given
unchanged cumulative oil production, IRR reduction
factor can be estimated as 19/25 = 0.76. Taking into
account that IOIP at late development stages can be
calculated quite accurately, the same factor (0.76)
can be assumed for ORFg,n reduction as well.
Conversely, if actual water cutting is below model
values given equal recovery, then actual IRR and
ORFesign can be underestimated. In both cases, if
there is a misalignment between actual and model
ORFesign  dynamics for production objects, it is
advisable to reconsider ORFeggn €stimation results.
Oil reserves recalculation for such objects following
the results of [31, 32] has confirmed this conclusion.

As an alternative, other widely used characteristics
of displacement can be used to determine the
recoverable oil reserves according to their displacement
nature directly, without taking into account the 1I0IP
and ORF information.

For objects with water cutting above 50 %, the
following displacement characteristics have proven
effectiveness in Perm region:

0, =f(InQy) — B.F. Sazonova,
070, =f(Oy) — S.N. Nazarova — N.V. Sipacheva,
0, =f(1/Q¢) — G.S. Kambarova,

where Q,, Or, Oy — cumulative production of oil,
fluid and water, respectively.

The results of analysis of multiple materials
dedicated to ORF feasibility studies and projects
for further development of reserves suggest that
all characteristics have a number of drawbacks
related to the fact that they have been received
using certain assumptions. Therefore, it is
advisable to establish the applicability limits for
displacement characteristics in various geological
and physical conditions and reserve development
stages [33, 34].

Using results of annual geologic
and economic estimation of reserves

GEER provides an annual correction of values
and categories of reserves on the basis of
comprehensive analysis of geologic, technological
and economic contributors. Revision is mandatory
for all information influencing the state of reserves
and their categories: licenses, mine allotments,
calculation or recalculation of reserves, drilling,
testing,  perforation, 3D  seismic  survey,
hydrodynamic tests, well commissioning and
decommissioning. These activities are directly or
indirectly influenced by economic forces which
have to be taken into account by introducing the
remaining economic reserves (RER) indicator. RER
is the part of the reserves which is cost effective to
recover as of the date of GEER. In the periods of
relatively low oil market value, subsurface users
benefit from recovery of conventional hydrocarbon
resources only. Oil price rise leads to an increase in
the quantity of unconventional resources that can be
added to RER category [35, 36].

Economic indicators include:

— macroeconomic parameters (Dollar exchange rate,
Urals oil price);

— taxes and deductions (production tax);

— key production indicators (price of hydrocarbons,
operational and capital costs, costs of well
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infrastructure  development and abandonment,

property tax).

For RER value determination, the concept of oil
production profitability economic limit (EL), which
represents the production volume below which the
net cash flow from project implementation becomes
negative. EL indicator value is composed from the
hydrocarbons selling price, operational costs and
production tax [37]. EL value is annually revised by
the subsurface users on the basis of the current
operational costs, price of hydrocarbons and tax
imposed on their production.

IRR estimation is performed separately for the
producing zone (PDP category, Proved Developed and
Producing Reserves) and for the non-producing part of
the reservoir. These are categories of proved reserves:
Proved Developed Non-Producing Reserves (PDNP),
Proved Undeveloped Reserves (PUD), and unproved
reserves: Probable Reserves (PRB) and Possible
Reserves (PSB) which will be treated as reserves by an
international audit [35, 38]. ORFggrr values have to be
justified separately for these categories.

During international audits PDNP, PUD, PRB, PSB
category reserves estimation usually draws on expert
opinions. ORFgggr is determined for each non-
producing category of reserves based on the estimations
obtained for the producing part of the reservoir taking
into account the economic indicators. In the case of
Perm region fields, “regional” statistical dependencies
are used most of the time.

.2 .
& Economic
s s
£ @‘5\ limit \
g N 0Oil
& ) .
3 '\N\ production
: A / Decline rate =4 %
sty /
Well stock
Cumulative Remaining
oil production economic
s reserves
|
|
|
B
1975 1979 1983 1987 1991 1995 1999 2003 2007 2011 20|'S 2019 2023 2027 2031 2035 2039 20432047 2051 2055 2059 2063‘2067 2071 2075 2079
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Fig. 2. Forecast estimation of oil production
in MERAK PEEP software product

For the calculation of PDP category reserves,
LUKOIL uses a software product MERAK PEEP

(Schlumberger) which generates monthly updates for
such technological indicators of production objects as
oil production, fluid production, injected water volume,
current operating well stock (fig. 2).

Average oil production for the past year is
extrapolated to the minimum profitable yield by
exponential function of the production decline rate
curve. Oil production decline rate (Ag) is determined
as actual for the preceding 3—5 years or based on an
expert opinion.

For objects at early stages of development, when
production is unstable or unreliable due to a short
operation period, the estimation should be preferably
based on Ag equal to 15 % [39, 40]. For production
objects at late stages of development, the basic
principle of Ag determination is based on studying
RRR reduction dynamics for the preceding
development period (5-10 years). RER values are
calculated on the basis of Ag until achievement of the
economic production profitability limit (see fig. 2)
[39—41]. Such approach for PDP category helps
correct IRR taking into account the economic factors
(cumulative production and RER).

WI planning for involvement of reserves into
development is performed according to the company
plans which can vastly differ from the design
document provisions due to the current economic and
technological situation. Initial yield for WI
performed in PDP zone is determined on the basis
of data analysis obtained from actually performed
activities. The calculation has to take into account
the specific indicators of RRR per well in WI area,
as well as oil production decline rate and economic
profitability limit [42].

In the global experience of the recent years,
intelligent reservoir management technology gains an
increasing popularity. The technology is based on
continuous monitoring of production and injection
wells operation through installation of sensors
measuring their process parameters [43—47]. Such an
approach improves integrity of actual production
object information, significantly increases the
accuracy of WI effectiveness forecast and,
eventually, the RRR estimation reliability.

Thus, GEER results provide an in-operation
estimation of reserves which account for the annual
changes in the geological, technological and
economic situation at each developed object. Unlike
GEER, Russian classification takes these parameters
into account only in the case of reserves recalculation
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or drawing up a new design document. Such annual
estimation suggests the write-off of annual
production from the State Register of Reserves. In
fact such estimation does not meet the in-operation
criteria as it does not reflect the current actual
geological, technical and economic conditions of
objects operation.

Practical aspects of in-operation control
of remaining recoverable reserves
on the basis of integral analysis of technical
and economic indicators of development

For ORF in-operation estimation and control at
various stages of oil production objects development,
it is advisable to opt for the methods which are best
suited to take into account the geological degree of
certainty and reliability of geological, physical and
technological nature of the objects.

At the first, initial stage of development many
geological and physical parameters are determined on
the basis of a small number of studies, often based on
analogous objects. Technological indicators are
studied during trial operation. ORF determination is
possible  using  analog-statistical  dependencies
obtained for long-operated reservoirs of the region,
with formulas that include geological and physical
characteristics of formations and fluids. Such method
has to take into account the approved ORFggn for
neighboring fields with similar geological and field
conditions of development.

Case study. For a Tournaisian object located in
the Vostochno-Tavdinskaya area of Vinnikovskoe
field at the initial stage of development, the design
document stated an ORFgeon equal to 0.43. The
use of a “regional” statistical dependency gives an
ORFj; estimation of 0.302. Let us now compare
the results with four analogous objects for
which average ORFgeign = 0.389; ORF = 0.276;
ORFgeer = 0.329. The integrated in-operation
analysis suggests that ORF yeign 1S Overestimated in
the given conditions.

At the second stage of development, the
geological degree of certainty of all input parameters
is normally sufficient to create a reliable DGHS and,
on its basis, the reservoir development plan. ORF ggign
approved by state authorities for a long term, or at
times until the end of development, determines the
choice of the development system and overall
production dynamics of the object.

Case study. A Tournaisian object located in
Sosnovskoe field with ORFgesen = 0.432 is at the
second stage of development. The use of a
“regional” statistical dependency gives an ORF
estimation of 0.353. Based on the results of
economic estimation as of 1.01.2019, ORFggrer
equal to 0.298 is forecasted. Three analogs are
selected for the object, for which the average
ORFgesign = 0.399; ORF = 0.352; ORFgger = 0.234.
Overall, an integrated analysis of the applied
methods suggests that it is necessary to correct the
development system for ORF g0 to be achieved.

At the third stage, when all the basic
characteristics of the reserves are reliably
determined, the analysis of current state of

development helps specify its effectiveness and plan
its further improvement. The main ORF e control
method at this stage is building continuously
operating DGHSs. For their control, analog-statistical
dependencies can be used, involving the indicators
descriptive of the development technology [25].
Effective use of displacement characteristics is based
on the water cutting and reserve recovery indicators
exceeding 40 and 50 % [32]. Realistic estimation of
reserves quality is achieved by GEER, especially in
terms of planning the priority WIs at currently non-
producing reserves.

Case study. Object Bsh of Asulskoe uplift at
Batyrbaiskoe field is at the third stage of
development. Recovery from IRR is 62 % at water
cut 40 %; ORFyein = 0.382. Based on the statistical
dependency for carbonate deposits with reservoir
pressure maintenance system, ORF; is forecasted as
equal to 0.264. For the three displacement
characteristics, the arithmetic mean ORF value
amounts to 0.241. GEER results suggest that
ORFgggr amounts to 0.247, given this production
rate and accounting for WI planned by the company.
Integrated analysis with independent methods shows
their high repeatability (0.264; 0.241 and 0.247),
which is much lower than the approved ORFesign,
meaning that its achievability in the current state of
development is doubtful.

The fourth, conclusive stage of development is
usually characterized by reliable geological
reserves and possesses a history of production over
a long period. Further development of objects is
performed in conditions of high water cutting,
diminishing well stock, focal water flooding and a
number of other phenomena typical of the
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conclusive stage. Many oilfields at this stage are
being developed since 1950s-1970s, the time when
control over technological production indicators
was sporadic in general. For such “old” fields,
it is quite challenging to include their history of
development in DGHS process. Consequently,
the estimation of recoverable reserves using
hydrodynamic simulation should be combined with
alternative ORF estimation methods.

At this stage of development, RRR calculation
using displacement characteristics helps determine
their value for the production object as a whole and
for individual parts of the reservoir, wells and foci.
The use of the results of geological and economic
estimation of reserves in this period is of critical
importance, since in-operation control of reserves
and their profitability enables management of the
producing well stock [42]. Annual calculation of
economic recovery limit and economic water cut
limit provides a basis for justified well stock
shutdown, conservation and abandonment activities.
This, in turn, enables operational cost improvement
and makes oil production profitable over long
periods of time.

Case study. Object TI-Bb-MI of Asulskoe uplift
at Batyrbaiskoe field is under development since
1962, recovery of reserves from IRR amounts to
81 % at ORF gesign = 0.402. Current water cut in wells
is 42 % (given historical maximum 58 %), a very low
value for the fourth stage of development that
gives a reason to suspect underestimation of actual
IRRs. Using an analog-statistical dependency, as
estimate of ORF, = 0.408 was obtained for Visean
deposits taking into account the technological
development indicators. At high recovery and water
cut, displacement characteristics can be quite
informative; average ORF estimation for the three
characteristics amounted to 0.493. GEER results
suggest that, taking into account WI planned by the
company, given the established production rate,
ORFgger = 0.405. Analysis of results using the three
alternative estimation methods (0.408; 0.493; 0.405)
shows that ORF4eign = 0.402 is achievable and can
even be exceeded given the existing production
effectiveness.

Using the same reservoir as an example, we shall
now consider how RRR value is influenced by the
annual production decline rate (Ag), economic
production profitability limit (EL) and well stock
decrease. Ag value for this production object during

2018 GEER was assumed equal to 8 %. Taking into
account the stable high level of production, Ag may
be corrected downwards to 7 %. This leads to RRR
increment of about 15 %. EL indicator for 2018 has
decreased from 3.3 to 2.5 t/day/well, which results in
RRR increase by 1 %. Timely decommissioning of
wells found unprofitable based on EL helps prolong
the profitable period of reservoir development and
obtain an additional 10 % RRR. Thus, rational
management of reserves at production objects
significantly increases profitable RRRs and their
ultimate oil recovery.

Conclusions

The main problem in estimating ORF using the
method of geological and hydrodynamic simulation
is its high cost that excludes in-operation control of
the current hydrocarbon reserves. Over time, the
approved ORFs can become considerably outdated
due to the change in economic conditions of
development or discrepancy between the actual and
design development conditions. Therefore, for the
reliable estimation of production objects’ RRRs it is
crucial to establish in-operation control of ORFs
validity, including their objective achievability
within specified time frame.

In-operation controls can comprise methods
based on generalization of various physical
regularities (analog statistics, displacement
characteristics, production decline rate analysis).
Advisability of a method depends on the stage of
development and degree of geological certainty. For
early stages of development, it is recommended to
use multivariate analog-statistical dependencies
based on the geological indicators constructed for
specific production objects. At later stages, higher
reliability can be provided by methods based on
displacement characteristics and o0il production
decline rate, taking into account the economic
development profitability limit. Statistical
dependencies alongside geological and technological
development indicators can be used as a control.

Integrated use of various methodological
approaches improves RRR estimation reliability at
production objects. A comparative analysis between
ORFgesign and results of estimation that employed
alternative methods helps forecast its current
achievability and introduce necessary corrections
into the development system.
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