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The present stage of the oil industry development is characterized by a growing share of hard to reach reserves, the amount of
complicated well stock, oil production costs and increasing requirements to production accounting accuracy, implementation of
energy-efficient and resource-efficient technologies for development and production, in conditions of the multifactorial
evaluation of asset development prospects a problem of the asset intellectualization is a priority. Within this problem,
automation and implementation of integrated approaches to production optimization, prevention and control of difficulties,
effective asset development management both on operative and long-term levels are considered. At present, a complex and
effective tool in resolving the problem is an integrated model, i.e. a model of a well production process (oil, gas, water),
including all production chain elements in the form of consequential component models. An integrated simulation is
effectively used in operational activities of LUKOIL-PERM LLC and is an optimal tool to solve multidisciplinary tasks in
field development and technology of oil and gas production, transportation and processing (using software by Petroleum
Experts company). Experience of implementing the integrated simulations suggests a synergetic effect related to a need in
developing associated aspects manifesting themselves by improvement of skills of the specialists, improvement of input data
quality and increase of input data volume, improvement of separate component quality during their integration. A set of actions
developed and substantiated using the integrated simulations and their separate components resulted in obtaining some
additional oil production over 21.9 thou. t.

Ha coBpeMeHHOM 3Tarne pa3BUTHA HeTAHOI MPOMBIIIJIEHHOCTH, XapaKTepU3yIoleMcss POCTOM JI0JIU TPYAHOU3BJIeKaeMBbIX
3aracoB, KOJIMYeCTBa CKBAXWH OCJIOKHEHHOro (oHpaa, cebecToMMOoCTH JOObMM HedTH M, Kak CJIeACTBHE, BO3pAacTaHWeM
TpeGOBaHUI1 K TOYHOCTHU yueTa JOObIMU 1 IPUMEHEHHs SHepro- U pecypcodddeKTUBHBIX TEXHOIOTHIA Pa3paboTKU U JOOBIYM, B
YCIIOBUAX HEOOXOAUMOCTY MHOrO(aKTOPHOCTH OLIEHKH IIePCIIeKTUB Pa3BUTHA aKTUBOB Ha IepeIoBble POJIM BBIXOAUT 337ada
HHTeJUIeKTyaIM3aliy IIPOMbIC/Ia. B 1aHHOH 3aiade MpopabaThBAIOTCA BOMPOCH aBTOMATH3AIMM IIPOLECCOB M BHEIPEHUA
VHTErPUPOBAHHBIX MOJXOAOB IO ONTHUMU3ALMK JOOBUM, NPEOyNpeXxneHus U GOpbObI C OCJIOXHEHHAMH, 3PQEeKTHBHOrO
yIpaBJieHus1 pa3pabOTKON aKTHBOB KAaK Ha OIEPAaTHBHOM, TaK KU JOJTOCPOYHOM YpoBHe. KoMmruteKcHbIM U 3(hGhEeKTHBHBIM
HMHCTPYMEHTOM IIpY pellleH!! ITOCTaBJIeHHBIX 33/1a4 Ha CETOAHANIHUI IeHb ABJIAeTCA NHTerPUPOBaHHAA MOJIeIb, IO/ KOTOPOH
MOHMIMAETCs1 MOJIeJTb Tpoliecca AOObIMM CKBaXXUHHOM mpoaykuuu (HedTb, ras, BoAa), BKIOYAOMmas B cebA Bce 3JIEMEHTHI
NPOM3BOACTBEHHON IIeMOYKM B BMJE MOCJIE[0BATE/IBHO CBA3AHHBIX MOJeJIeli-KOMIOHEHTOB. HHTerpupoBaHHOe
MojespoBaHre 3(P@eKTUBHO HCHOJb3yeTcss B omepatuBHOU fesaresnpHocTH OO0 «JIYKOWI-TIEPMb» u sBiAercs
ONTHMAJIBHBIM HHCTPYMEHTOM JUIA PelleHHsA MyJIbTHAVCHUIUIMHAPHBIX 33[ad B 00JIACTH pa3spabOTKH MeCTOPOXIAEHWUI U
TEXHOJIOTUM AOOBIMU, TPAHCIIOPTA Y TOATOTOBKM He(dTH U rasa (MCHOJIB3YeTcsl NMporpaMMHOe obecriedeHre KOMITaHUH
Petroleum Experts). OmbIT NMpUMeHeHHs MHTErPUPOBAHHBIX MOJeJell MO3BOJIET TOBOPUTh O CHHepreTmdeckoM sddexre,
CBA3AHHOM C HEOOXOAUMOCTBIO DPAa3BUTHA CONYTCTBYIOIMX HANpPAaBIeHNWH M IPOABJIAIOMIEMCA B pOCTe KOMIIETEHIUE
CIIeLVAJIMCTOB, YJIyYIIeHNN KadecTBa U YBeJIMYEHUH O0beMa KCXOAHBIX [AHHBIX, YJIYYIIeHUH KadecTBAa OTIEJIbHBIX
KOMIIOHEHTOB TNPY UX WHTerpanuy. Pa3paGoTaHHbBII M OGOCHOBAHHBIA C MPUMEHEHHEM WHTErpUpOBaHHBIX MOJEJIEH U MX
OT/IeJIbHBIX KOMIIOHEHTOB KOMILIEKC MePOIPHATUI MO3BOJII HOJIYYUTh JOMOJHUTEIIBHYIO JOObIdy Hedtu 6ostee 21,9 ThIC. T.
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Introduction

The present stage of the oil industry
development is characterized by an increased
portion of hard-to-recover reserves, amount of
complicated wells stock, oil production cost, and as
result, higher requirements to production accounting
accuracy and implementation of energy- and
resource-efficient technologies for development and
production, in the conditions of necessity
multifactorial evaluations of asset development
prospects, a problem of asset intellectualization
gains priority. As part of this problem, automation
and implementation of the integrated approaches to
production optimization, prevention and control of
complications,  effective  asset  development
management both on operative and long-term levels
are considered [1-5]. At present, a complex and
effective tool in resolving the problems is an
integrated model (IM), being a model of a well
production process (oil, gas, water), including all
production chain elements in the form of
consequential component models: reservoir, wells,
collection and transportation systems (CTS),
formation pressure maintenance systems (FPM),
and a plant [6-14].

The final purpose of IM usage is optimization
and improvement of accuracy of forecasting well
production, both for long-term, mid-term, and
short-term periods, due to the addressed
consideration of possible restrictions of the
component models and minimization of
calculation errors, with a more comprehensive
consideration of external factors [15-24].

Application of Integrated Models at the
Fields of LUKOIL-PERM, LLC

An integrated model supposes a set of
component models integrated into a single
system. Depending on the tasks being solved, an
integrated model can include the following
components: reservoir model, well model,
collection and transportation system model,
formation pressure maintenance system model,
plant model (preliminary water removal unit,
oil processing and pumping unit), export model,
economic model. An integrated model mainly
differs  from applied  geological and
hydrodynamic models (GHM) in its possibility

to consider a well interference not only in the
reservoir, but also in the collection and
transportation system. This gives an opportunity
to evaluate interference of wells, separate well
clusters and fields, connected by a single
collection system, which supposes a completely
new approach to justifying actions implemented
at a separate reservoir area, specific well or
pipeline section.

At present, LUKOIL-PERM, LLC, build IM
(using Petroleum Experts software) in two
configurations: well model (Prosper module),
collection and transportation system and
formation pressure maintenance model (Gap
module); reservoir model (Configuration 2 -
full-scale GHM on software TempestRoxar,
EclipseSchlumberger, Configuration 1 material
balance model, MbalPetex module); integration
of separate modules is enabled through the use
of Resolve module. IM in Configuration 1 is
updated monthly, while in configuration # 2
the update is once a year. Configuration 1 is
used in calculations having duration less
a year, Configuration 2 is for mid-term and
long-term calculations. The integrated model is
a daily usage tool for solving production tasks,
which implies more strict requirements to
quality of adaptation and adjustments of all
components including reservoir models. In
particular, the reservoir model is adjusted to
operative data (current operation mode),
contrary to GHM, gas production and gas factor
value are adjusted per each well. During
the integration process, the quality of the input
data for adjustment of separate components

undergoes additional validations through
the mutual parameters matching.
Selection of candidate fields for

building an IM is based on the oil production
volume of the field in the oil production
share. At present, LUKOIL-PERM, LLC, has built
and operates a unified IM for assets of Oil and
Gas Production Division (OGPD) 11, which
includes five fields joined into a unified
collection system, and an integrated model of
two GreenField assets of OGPD 12, where the
task of oil production optimization is being
successfully rolled out under conditions of gas
production limitations.
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LUKOIL-PERM, LLC, has tested the
approaches and successfully uses the following
calculations with IM:

¢ in development:

— formation of optimal process parameters of
production well operations (PPPWO), including
operation under limitations;

— justification of optimal production rates
per wells;

— preparation of operative proposals to
optimize formation pressure maintenance systems:
justification of optimal injection volumes and
injection well operation parameters, justification
of new focal points;

— well selection for temporary optimization
with the purpose to reduce underruns caused
by actions with regard to interference and
potentials;

e integrated tasks:

— selection and justification of optimization
actions per well;

— justification of the lift methods and well
operation practices after well servicing/capital
workover;

— calculations of asset interferences over
collection and transportation system;

— calculation of asphaltens, resins and
paraffins formation ranges in the wellbore.

These calculations are aimed at costs
reduction and providing for additional oil
production. Main tasks include ensuring the

fulfillment of oil production schedules, reduction
of production losses on the existing wells stock,
finding limitation nodes on the basis of potentials
calculations, improvement of production wells
stock operation efficiency.

Use of Integrated Model
for the Purposes of Development

Process parameters of production well
operations include calculation for the following
options: basic (without operating factor) and
with integrated plan actions (Fig. 1). The
analysis of the latter results in evaluation of losses
for the existing stock, and subject to an oil
production schedule, a decision is taken whether to
implement compensatory actions or not. The
actions include temporary activities for the period
of a long-term planned shutdown, and coninuous
optimizations of production well operating
practices. Several optimization options are further
calculated, including inter alia geological and
technical action plans. However, the process of
PPPWO formation always commences with the
data collection and IM update.

Approaches to selecting candidate wells for
continuous optimization were developed by
LUKOIL-PERM, LLC, and provide for well ranging
depending on their potential (Fig. 2), which is
calculated using the hydrodynamic model (HDM)
or IM. This is followed by multiple-option
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Fig. 1. Example of fluid withdrawal calculation as part of PPPWO formation for the field using IM
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calculations using IM with increased withdrawals
and monitoring of rate dynamics, reservoir and
bottom hole pressures by drainage areas of
candidate wells for a given period. The period is a
design time of the pump operation to failure at
given frequencies of electric-centrifugal pumps
(ESP). Based on the analysis results, for the purposes
of the performance optimization, a list of candidate
wells with optimal fluid rates with the reference to
the corresponding ESP operation frequencies is
made. Further candidates are selected with regard to
risks assessement and results of the integrated
geological analysis of asset developments.

Potential, m’/day
[~
8

X—OVANNMETANR =N ANNN TN =0

—_—t ) o N o —_ O AN — — o — —_ ISR —

0 €A N - - - - e — K — e T —
Well

Fig. 2. Example of well rating per value
of their potential

All candidates for production parameters
optimization are reviewed using this approach. In
2017-2018, 12 actions were selected and
completed using this aproach with the cumulative
technological effect exceeding 10.3 thou. t. of
additional oil production.

The selection of wells for temporary
optimization is performed with regard to
potentials, determined by a long-term closing of

surrounding  wells  having  hydrodynamic
connectivity =~ with  operating  wells.  The
interference is established using the
hydrodynamic models (Table) between the

producing wells of an asset covered by the
integrated models. The calculations result in the
list of candidate wells for a temporary
optimization and their operation practices
calculated using well models. The described
implementation of the emerging potential enables
to partially compensate oil losses during a well
shutdown for flow testing or long-term workovers
without  significant damages to  energy
characteristics of areas of their disposition.

The cumulative technological effect from
temporary optimization performance exceeded 5.4
thou. t in 2017-2018.

Matrix of interference between producing wells of a development asset

Fluid rate increase during first month, m%/day

Closed well Reactive wells
1 5 111 112 113 208 215 317 318 320 329 Total
111,112,113,
1 215, 317, 318 - 0 0.17 0.16 0.29 0 0.06 0.94 0.32 0 0 1.94
5 - 0 - 0 0 0 0 0 0 0 0 0 0
1,112, 113,
111 317, 318, 329 0.09 0 - 0 0.03 0 0 0.42 2.69 0 0.37 3.6
1, 113, 215,
112 317, 318 0.14 0 0 - 5.83 0 3.06 0.07 0.09 0 0 9.19
1,111, 112,
113 215, 317, 318 0.43 0 0 10.87 - 0 2.98 0.25 0.19 0 0 14.72
208 215, 320 0 0 0 0 0 - 0 0 0 0.64 0 0.64
1,111,112,113,
215 208, 317, 318 0.15 0 0 6.12 2.96 0 - 0.06 1 0 0 10.29
1,111,112, 113,
317 215, 318, 329 0.86 0 0.94 0.09 0.21 0 0.01 - 0.17 0 0.03 2.31
1,111,112,113,
318 215, 317, 329 0.09 0 1.08 0.05 0.05 0 0.16 0.05 - 0 0.05 1.53
320 112, 208, 215, 0 0 0 0 0 0.51 0 0 0 - 0 0.51
329 111, 318 0 0 0.29 0 0 0 0 0 0 0 - 0.29

Note: the green color shows wells with the maximal fluid rate increase; the sand color shows wells with a medium fluid rate
increase; the purple color shows the wells with the minimal fluid rate increase.
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One more task to be resolved as part of
PPPWO formation using IM, is justification of
withdrawal redistribution between wells subject
to the reservior area, and also between assets,
while maintaining target withdrawal level due to
evaluation of actual and calculated reservoir
pressure dynamics within the calculated period in
addition to the well allocation, plans on FPM
system optimization with the purpose to preserve
the deposit energy characteristics. The
effectiveness of this decision is confirmed both by
long-term calculation results and analysis of
actual dynamics of reservoir and bottomhole
pressures of the production assets before and after
implementation of the approach. For example, the
above operation algorithm has been used at one of
fields owned by LUKOIL-PERM, LLC, since 2016,
which resuted in more than two times decline in
the rate of reservoir pressure (Fig. 3), while
production wells bottomhole pressures were
successfully stabilized.

Overall, the described approaches allow us
not only to form adequate and justified PPPWO
for the next month, but also promptly manage
field developments by solving tasks of forecasting
oil production levels, planning losses on existing
well stock, effectively using potential for
compensation of losses at the existing well stock
and managing utilization factor.

As part of preparing operative proposals on
FPM system optimization, the following tasks are

solved: putting into operation top priority flood
focal points under conditions of a fast reservoir
pressure drop at the developed assets, plans of
their putting into operation subject to shortage of
the injection water available and evaluation of the
flood focal point organization efficiency according
to design solutions.

Both tasks are solved by performing multiple-
option calculations using IM. In addition, the
following parameters were changed: probable
candidate wells to be transferred to injection
wells, well injectivity with regard to existing
restrictions on volume of water source wells
production. In total over 150 calculations were
performed, according to the results of which
options with the best performance indicators were
proposed and implemented.

Actual technological effects of the proposed
and based on FPM system actions are quarterly
evaluated using HDM according to the developed
approach. The approach implies a retrospective
calculation within the area with withdrawal rates
but no actions will be implemented. However,
the bottomhole pressure values will be recorded
for each step of wells, equal to actual values,
and a comparison of the calculation result with
actual production. In general, the effectiveness
of actions implemented on assets is confirmed.
As of the current date, the technological effect
of actions implemented is evaluated at the level
of 13 thou. t.
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Solving Integrated Tasks Using
Integrated Simulation

As part of organizing the multidisciplinary
approach, LUKOIL-PERM, LLC, justifies the well
operation mode and procedures after well
servicing or capital workover, that is performing
the geological field analysis. The results of the
analysis are used for calculations with HDM to
determine the optimal rate providing for stable
operations of the downhole pumping equipment
for a target period of service. Further, the
downhole pumping equipment is selected using
IM for the calculated optimal rate and
bottomhole pressure, with the subsequent
analysis of its performability under different
conditions for the period of three years (a 10-30
atm drop in the reservoir pressure below the
current value, an increase in water contents by
2-20 %, changes of frequency in the range of
40-60 Hz) (Fig. 4). The effect of the described
approach is balanced ‘reservoir — well’ nodes,
which  enables selecting energy-effective
equipment, providing for stable operation of the
downhole pumping equipment for the forecast
period, and providing for operation to the
failure time increase.

Using the unified integrated simulation of
the group of assets of the oil and gas production
department (OGPD-11) LUKOIL-PERM, LLC,
solves the problem by evaluating the throughput
capacity of active pipelines by fields with regard
to asset development, according to actions
planned by an industry development program
(calculation period of 10 years). Calculation
results show that the throughput capacity
corresponds to maximal production conditions,
pipeline pressure does not exceed maximal
design values under condition of maintaining
the separation pressure at the ending point of
2.5 atm at most. However, the interference of
the fields through the collection and
transportation system is determined. When
withdrawal is increased at one of the fields by
putting into operation new production drilling
wells, the withdrawal decreases at another field
working at wellhead pressure in unified
gathering and transportation system (without
booster pump station). Calculations allowed us

g

a

L -,

A 1680 - /__ S

840 / ol
=
0
32 64 96 128 160
Normal production rate, m’/day
40 Hz  — Value of operating points

50 Hz
60 Hz

70 Hz * Maximal operating range

*— Minimal operating range

Fig. 4. Comparison of operating points and pump
performance data during change of production
parameters

to assess the potential level of fluid and oil
production loss caused by the system lockup.
Various options of compensations of emerging
losses were further studied using IM, but
the calculation results showed that an increase
of the well withdrawal under conditions
of pressure rise in the pipeline common for
the two fields brings critical pressure
increase in oil collection pipelines at the field
with the calculated optimization. It is also noted
that a withdrawal increase during optimization
of well production procedures with to
compensate losses caused by the pressure rise in
the common pipeline leads to aggravation of
energy characteristics of the development assets
(field is depleted according to production
engineering documentation) and entails
additional losses in the long term. Therefore,
compensating actions at this field are not
recommended. Evaluated potential losses will be
considered in preparation of future production
plans for this field.

Experience of solving integrated tasks using
IM gained by LUKOIL-PERM, LLC, highlights the
possibility to account for influence of the
separation pressure change on withdrawal at field,
group of fields, connected by a single collection
system, evaluate interference of fields and
substantiate feasibility of upgrading CTS and oil
processing at them.

The possibility to use the integrated models
to solve applied problems in the operative
activities is provided also by toughening
requirements to quality of the adjustment of

HEAPOIOJIb3OBAHUE
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separate component models and IM as a whole.
In particular, if using ‘reservoir’ of HDM as the
component model in relation to currently used
requirements to quality of its adjustment stated
in [25], provisions for IM [26] introduce
additional requirements to quality of the
hydrodynamic model adjustment in aspect of
well rates by separate fluids, and in aspect of
the associated petroleum gas production levels,
including the gas factor values. In addition,
requirements to compliance of the cumulative
parameters become tougher (from 20 to 5 %),
and the ‘corridor’ of permitted deviations in
reservoir and bottomhole pressures is narrowed
more than by two times. In the process of
integrating separate IM components, additional
verification of the input data takes place, non-
physical adjustment factors are identified, low
quality input data are being detected. This
results in significant improvement of quality
and physical contents of component models. In
addition, LUKOIL-PERM, LLC, developed an
approach that during adjustments of separate
component models with high uncertainty of the
input data results of adjustment of other
component models are used in cases, when data
uncertainty is lower, or where it is possible to
redistribute this uncertainty between separate
nodes. For example, in adjustment of the
component models for the actual gas factor,
which is measured 1-2 times per year at most,
the component model ‘well’ has a possibility to
use the actual value, while maintaining the
physical essence of the model minimum by two
factors: gas separation factor at pump intake
and pump degradation factor. In addition,
adjustment for the actual gas factor in HDM is
difficult. Taking this into account, when HDM is
satisfactory adjusted using the actual gas factor
as of measurement date, it is decided until the
next measurement to use the parameter value
calculated in HDM during the adjustment of the
well models and collection system model. In this
case, the reduction of general IM adjustment
complexity is observed due to a satisfactory
convergence of the reservoir and well models in
parameters being adjusted during integration.
The experience of using the integrated
models gained by LUKOIL-PERM shows the need

to improve competencies of specialists, develop
their multidisciplinary knowledge, teach them
to solve tasks emerging on the edge of geology,
field development and oil and gas production
equipment and technology [27-45]. Basic
knowledge of specialists dealing solely with
hydrodynamic modeling, or having no
experience at all with simulators, is not enough
for work with high-tech product - integrated
simulation. In order to develop corresponding
competencies at the present professional
development program in “Integrated modeling”
is developed on the basis of Perm National
Research Polytechnic University.

In is necessary to note that partially
an issue of labor efforts on collection and
downloading input data for wupgrading
integrated simulation at present is resolved
because of involvement of specialists from
Branch of LUKOIL-Engineering, LLC, and
PermNIPIneft in Perm to data collection and
simulation upgrading process, and also due to

application of primary automation means,
so-called ‘scripts’.

Conclusion

We can conclude that the integrated

model is effectively used in operative activities
by LUKOIL-PERM, LLC, and is an optimal
tool to solve multidisciplinary tasks in
the field development and technology of oil and
gas production, transportation and processing.
The experience of implementing integrated
models suggests the synergetic effect related to
the need to develop associated aspects
manifesting themselves by improvement of skills
of the specialists, improvement of input data
quality and increase of input data volume,
improvement of separate components quality
during their integration. At present “Integrated
modeling” direction of “Intellectual field”
project acts like an ‘engine’ in the process of
developing tools for simulation, digitalization
and automation of an enterprise. A complex of

actions developed and substantiated using
integrated models and their separate
components allowed increasing the oil

production by over 21.9 thou. t.
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