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 In the current macroeconomic context, it is of major importance to assess efficiency and risks of developing assets at
early design stages. 
Engineering design in the oil industry is currently impossible without comprehensive design technologies. Already at
the initial setup stage of a facility, it is required to handle the entire package of engineering information for the whole
operating cycle of such a facility. Investors have to make decisions based on incomplete and inconsistent baseline data
within short timeframes. 
The objectives set are addressed by using conceptual design tools. 
This work is intended to assess and analyse the existing approaches to the conceptual design of the field gathering and
infrastructure development system.  
Presented are the methods and tools of the conceptual engineering developed by the following companies: Ingenix
Group, Gazprom Neft STC (LLC), Gazprom Neft Development (LLC), RN-UfaNIPIneft (LLC), TomskNIPIneft (OJSC) and 
PermNIPIneft branch of LUKOIL-Engineering in Perm (LLC).  
The paper presents applications of the conceptual design tools at priority facilities of the branch, including the
development of the Komandirshorskaya group of fields and the feasibility study of the strategic development of the
Varandey-Adzvinsky asset. For both projects, multidisciplinary teams were formed; up-to-date re-estimation of reserves 
and multivariate elaboration of gathering and infrastructure development system plans were performed subject to a
probabilistic approach; economic feasibility was estimated and most efficient options were proposed.  
Based on the analysis, the main conceptual design tools for the design of a new asset infrastructure development system
were identified, and the further development options of the methods implementation at PermNIPIneft branch of 
LUKOIL-Engineering in Perm (LLC) were specified.
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 В сложившихся макроэкономических условиях очень важно на ранних этапах проектирования оценить
эффективность и риски разработки актива. 
В настоящее время проектирование в нефтедобывающей отрасли невозможно без реализации комплексных 
технологий проектирования, предусматривающих уже на начальном этапе работ управление всей технической
информацией об объекте на протяжении всего цикла его дальнейшей эксплуатации. В сжатые сроки 
необходимо принимать  инвестиционные решения, основанные на неполных и разрозненных исходных данных. 
Поставленные задачи решаются за счет использования инструментов концептуального проектирования. 
Данная работа посвящена оценке и анализу существующих подходов концептуального проектирования системы 
сбора и обустройства месторождений.  
Отражены методики и инструменты концептуального инжиниринга таких компаний, как Ingenix Group,
ООО «Газпромнефть НТЦ», ООО «Газпромнефть-Развитие», ООО «РН-УфаНИПИнефть», ОАО «ТомскНИПИнефть»
и Филиал ООО «ЛУКОЙЛ-Инжиниринг» «ПермНИПИнефть» в г. Перми.  
Представлено применение инструментов концептуального проектирования на приоритетных объектах для
Филиала, таких как освоение Командиршорской группы месторождений и технико-экономическая оценка 
разработки стратегии развития Варандей-Адзьвинского актива. По обоим проектам были созданы 
мультидисциплинарные группы, выполнен оперативный пересчет запасов, проведена многовариантная
проработка схем систем сбора и обустройства с учетом вероятностного подхода, оценена экономическая 
эффективность и предложены оптимальные варианты.  
На основе анализа выявлены основные инструменты концептуального проектирования для разработки системы
обустройства новых активов, обозначены пути дальнейшего развития реализации методов в Филиале
ООО «ЛУКОЙЛ-Инжиниринг» «ПермНИПИнефть» в г. Перми.
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Introduction 
 

Engineering design in the oil industry is 
currently impossible without comprehensive 
design technologies. Already at the initial setup 
stage of a facility, it is required to handle the 
entire package of engineering information for the 
whole operating cycle of such a facility.  

The design of major fields with complex 
infrastructures and technical solutions 
involves facility clustering in functional groups 
(production treatment facilities, pipelines, 
support infrastructure, etc.) designed by experts 
headed by project managers and chief engineers. 
A review of design solutions for a set of facilities 
of various functional groups reveals many 
inconsistencies. It happens despite the fact that 
projects for individual facilities are developed in 
strict compliances with technical design 
specifications, requirements of applicable design 
standards and get approval by the Main State 
Expert Review Board.  

Furthermore, this approach to field 
infrastructure developments at later design stages 
or during operations themselves reveals prospects 
of using resources of one technological system for 
another one, i.e. synergy and exergy effects take 
place, which are usually not considered during 
design implementations. A comprehensive concept 
of a field development prevents from many 
inefficient design choices and revisions in its 
design documentation [4]. 

The conceptual design is a project stage 
where applications of new technologies will be 
considered and their effect on the whole project 
feasibility will be estimated [1-16]. 

In this regard, it is critical to analyse tools 
and methods of conceptual engineering of oil and 
gas companies, define their main advantages, 
prospects and existing disadvantages. 
 

Ingenix Group 
 

Ingenix Group is a consulting company in the 
oil and gas industry, that created Ingenix Cost 
Manager (ICM) software for a comprehensive 
valuation of an oil and gas project, which allows 
for the integration of technical computing, map 
referencing and automatic calculation of lengths 
of linear facilities and their value. 

This software enables a spatial allocation of 
technical data on a map, with an automated 
calculation of lengths of the linear facilities and 

their value estimation, which significantly saves 
valuation time and increases its accuracy. 

ICM uses an integrated approach that 
combines the use of value models and a mapping 
module [17].  

In the cost database, each facility features a 
detailed breakdown of production units and 
equipment, while each value is broken down by 
cost elements: construction and installation, 
equipment, etc. Such attributes provide an insight 
into a facility’s structure and allow adjusting its 
value in the future, when initial technical 
conditions alter.  

This module contains valuation tools and a 
mapping module: the spatial allocation of the 
facility on the map and the cost estimation process 
can run virtually concurrently. This feature allows 
for the following map manipulations:  

• map the facilities that are already included 
in the project (the costs have already been 
estimated) 

• link up the area facilities by the linear 
infrastructural facilities. The technical data 
associated with the topography will be obtained 
directly from the map, while the remaining 
parameters of the value model will be available 
for selection from a set of recommended values 

• significantly reduce the estimation time 
and increase its accuracy due to the mapping 
module, as well as the automation of baseline 
data collections, reviews of multiple technical 
scenarios and integration with other software 
packages [1].  

When modelling engineering linear facilities 
using geodata, the system uses map-derived data 
as input parameters (Fig. 1). The quality of map 
materials has a direct impact on the accuracy of 
linear facility value calculations [1].  

Based results of geoprocessing services 
(obtaining geodata), technical parameters of 
facilities and ICM value engineering, multiple 
technical scenarios can be assessed. By comparing 
the obtained facilities, the user can choose an 
optimal solution. 

Facilities are also compared in the software 
interface, including the analysis of their multilevel 
structure. All levels of detailing are involved in 
the comparison. All comparable objects can be 
analysed by a composition of production units and 
equipment.  

A user selects an optimal solution based on 
multiple options of engineering and valuation of 
facilities.  
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Fig. 1. ICM software suite: infrastructure development system engineering by map data 
 

Within this solution, the technological 
characteristics of a facility are calculated in 
PIPESIM. The calculation results are sent via GIS 
connector to ICM, where a facility value is 
calculated and its composition (including 
equipment) is determined.  

The calculation results can be used both in 
ICM when determining the capital and operating 
cost profile and a project’s economic feasibility, in 
general, and in Schlumberger software [1]. 

The introduction of a comprehensive approach 
to the application of specialised mapping services 
and value models enabled the conceptual engineers 
to significantly reduce their workload and focus on 
more essential processes of engineering solution 
optimisations. Also, the estimation time for oil and 
gas project costs was reduced, while its accuracy 
was improved [17-23]. 

Advantages: 
• clear user-friendly interface in Russian 
• automated estimation of linear facility 

construction costs during geodata-based engineering 
• possibility to compare multiple options in 

the software interface 
• allowance for terrain during facility 

engineering and subsequent valuation.  
Disadvantages: 
• no import of map data of engineering 

surveys in various formats. 
Under development: 
• further integration with other software 

solutions and products with related functionalities. 
 

Gazprom Neft STC, 
Gazprom Neft-Development 

 
To determine an optimal option of the 

surface infrastructure development system, subject 

to variability of production baseline data, the 
analysis approach was adjusted for probability 
profiles for individual sources based on the 
‘ERA:ISKRA’ information system of the integrated 
conceptual design.  

Step 1. Baseline data collection and import 
into the ‘ERA: ISKRA’ information system. The list 
of the input data is, as follows: 

• source production profile options 
(individual well, well pad, field or licence areas) 
for which the probability values included in the 
calculation can be set 

• physical and chemical properties of fluids; 
• map data displayed to scale with bridging 

to the given coordinate system in the ‘ERA:ISKRA’ 
information system, which allows one to 
determine the length of linear facilities in the 
system 

• specific indicators (for calculating capital 
investments and operating costs) to determine 
economic feasibility parameters in the financial 
economic model [24].  

Step 2. Design of surface infrastructure 
development plans. The surface development plan 
is designed based on the map data on the location 
of certain development facilities and tank oil 
transfer stations. 

Step 3. Determination of technical and 
economic parameters for plans depending on 
production options. A list of calculation instances 
is formed based on production profiles data and 
infrastructure development plan options.  

For each calculation instance, based on the 
algorithms in the ‘ERA:ISKRA’ information system, 
performed were the calculations of profile designs 
of development facilities by year, hydraulic 
designs with pipeline diameter selections, and 
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capacity of oil pumping stations and oil transfer 
stations. A possible commissioning date was set 
for each facility [24]. 

The ‘ERA:ISKRA’ information system allows 
for various combinations of production profiles for 
each source. More than three production profiles 
can be used for individual facilities with a high 
degree of subsurface uncertainty. Or, conversely, 
only one profile can be used for facilities with a 
reliable prediction. Also, a zero profile can be set 
for a facility, in the event of an unproven 
production risk or a chance of production 
abandonment [24-32].  

The implemented approach to calculations 
provides for different options of production profiles 
depending on a production volume as well as by a 
commissioning date of development facilities.  

Once the technical parameters are determined 
for each calculation instance, economic indicators 
are to be calculated. Hereby, the following key 
parameters can be determined for the regional 
strategy in the information system:  

• capital investment in development facilities  
• operating costs 
• total cost of ownership (TCO) 
• net present value (NPV).  
Step 4. Selection of a recommended option. 

Based on the economic indicator values obtained, 
a rating of development options is generated, 
based on which, a development plan with the 
lowest average TCO is selected.  

The system makes it possible to select 
recommended options by the following indicators: 

• by cost value (total capital investment and 
operating costs, cost behaviour, TCO) 

• by economic performance indicators: net 
present value (NPV), profitability index (PI), 
internal rate of return (IRR).  

In case of close average economic indicators, 
a recommended option can be selected based on 
the maximum and minimum parameter spread or 
the expected departure from the average. This 
option allows one to identify a technical solution 
that is most tolerant to variable parameters and 
has flexible characteristics [26].  

Thus, a choice of a recommended option is 
based not on individual input data, but rather on 
a successive multivariate calculation, and provides 
a quantitative assessment of the risk associated 
with an alteration in the input data on the 
production profile [24]. 

Step 5. Determining optimal parameters of 
the infrastructure development system. For the 

recommended infrastructure development option 
selected, technical parameters are determined in 
the ‘ERA:ISKRA’ information system for a 
multitude of options depending on production 
profiles. The next task is to determine specific 
technical parameters of the system (unit capacity, 
pipeline diameters, commissioning dates), to be 
used for further designing [26]. 

The task can be addressed by using the 
following options (this function is performed by 
the design team): 

1. Based on the calculations performed, a 
parameter value that corresponds to the greatest 
number of options is selected in the system.  

2. Subject to possible production options 
varying from the minimum to the maximum, 
determination of separate start-up complexes 
with the phased commissioning of facilities is 
provided for. 

3. EMV and NPV economic indicators can be 
used for a final decision.  

Advantages: 
• comprehensive initial data import 

(production profile, map data, value indicators) 
• multivariate calculations 
• function of refinement by economic 

indicators. 
Disadvantages: 
• no linear facility engineering 
• no provision for power supply units 
• no integration with 3D module. 
Under development: 
• increase in the number of modules in the 

information system, and development of 
optimisation tools to compute a larger data array. 
 

Rosneft Oil Company  
 

Rosneft Oil Company has introduced an 
information and telecom system to manage oil and 
gas field development facilities (‘ITSUP-RN’), 
which, in particular, ensures that the customer 
and design companies work in a single 
information space.  

Intergraph SmartPlant product suite was 
adopted as a host software for the general 
functionality of ‘ITSUP-RN’ system, its 
implementation started in RN-UfaNIPIneft in 
2006. [35].  

SmartPlant suite is divided into the following 
groups by processes:  

– SmartPlant 2D: design of a project’s process 
engineering part, electrical engineering, 
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instrumentation and control engineering, and on-
site production facility maintenance  

– SmartPlant 3D: development of the facility’s 
3D model, project documentation release, and on-
site production facility maintenance  

– SPF/TEF: Web-technology-based integration 
and management of all design data [36].  

At the Institute, the following Intergraph 
software products were introduced into 
operation: SmartPlant P&ID, SmartPlant 
Instrumentation (INTOOLS) and Smart Plant 
Electrical. SmartPlant 3D and SmartPlant 
Foundation (SPF) solutions are currently at the 
implementation stage (Fig. 2) [35-36].  

These products are based on a single 
database under Oracle or MS SQL, which is 
particularly relevant for large arrays of 
information typical of industrial engineering. 
An up-to-date database allows one to maintain 
the uniqueness of names at the element 
level, avoid duplication of information and 
maintain referential data integrity at all design 
stages. A close integration with office 
applications and other programs supporting the 
OLE standard significantly simplifies the process 

of obtaining various reporting and design 
documentation [35-36].  

Share data via the Internet is another 
distinguishing feature of these products, which is 
essential in the present context; where design 
projects are often carried out remotely by 
departments connected only by telephone lines 
and the Internet. This is relevant for the data 
transfer to remote construction sites and the 
elaboration of enquiry specifications by other 
departments based on process engineering 
solutions [35].  

SmartPlant P&ID software module allows us 
to engineer integrated intelligent process flow 
diagrams with installation of process equipment, 
pipe fittings and instrumentation.  

An important feature of SmartPlant P&ID is 
the equipment database integration with the 
schema components, i.e. the possibility of 
selecting a schema component by specific 
parameters from the existing equipment database 
and adding the parameters of this component 
(name, diameter, GOST or TU (specs), 
manufacturer, pressure, etc.) in the form of 
attribute information to the process flow diagram. 

 

 
 

Fig. 2. Examples of designing in SmartPlant 
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To further use the schema throughout the 
design stage, the maximum saturation with 
attribute information of each component is 
required. The implemented schema allows for 
an intellectual design analysis by various items: 
matching the diameters and types of pipelines, 
inlet and outlet flows, availability of necessary 
information on the schema components for their 
clear identification, etc.). The piping and 
instrumentation diagram (P&ID) is built on a 
modular principle based on the allocation of 
facilities in the structure by master plan 
positions [35].  

SmartPlant Instrumentation (Intools) is de 
facto a world standard for the design of 
automation systems, especially in oil production, 
transportation, refining, and petrochemical 
products. However, there is no operational 
background in the use of this software in Russian 
oil production industry. Specialists from the 
Instrumentation and Control Unit of the Design 
Department of RN-UfaNIPIneft had considerable 
work done to adapt and adjust the system to 
domestic standards [35].  

An intuitive user interface, single data input, 
error exception, customisation of any 
documentation templates and export of various 
reports from the database have reduced the time 
required by trainees for software adaptation and 
mastering. Further design of automation systems 
is currently being performed in SmartPlant 
Instrumentation [35, 36]. 

SmartPlant Electrical is a specialised 
solution for the design and further maintenance 
of electrical distribution networks of industrial 
enterprises. The main function of this software 
package is the development of electric control 
circuits and electrical single-line diagrams. This 
module has proven to be one of the most 
challenging for mastering from the entire 
SmartPlant product line, which is due to the 
lack of background in the use of this software in 
Russia and a significant difference in the 
principles of electrical circuit engineering and 
execution of output documentation in Russia 
and abroad. The software was adapted to local 
requirements, and the instructions regulating 
designer work were issued.  

In October 2006, RN-UfaNIPIneft started 
implementation of the 3D design module of 
SmartPlant 3D.  

3D design systems have the following 
advantages:  

– reduction of design errors due to collision 
detection functions  

– automatic generation of output text 
documents  

– labour input reduction due to automated 
release of drawings  

– easy introduction of changes in design, 
interoperability of data of all design disciplines  

– high quality and visualisation of design 
solutions.  

SmartPlant design models are kept on the 
server as SQL Server databases and contain both 
graphical and attribute information. Such 
architecture speeds up the 3D data processing, 
enables users to track changes in the model in 
real-time modes, and simplifies administration of 
tasks. A complex equipment is engineered directly 
by designers and, if necessary, is entered into a 
shared catalogue of fragments. Later, the 
fragments can be used in further projects. 

The new technology allows one to validate 
design solutions at an early stage in the model, 
in this case the final drawing will be insured 
against errors. The time required to create a 3D 
model of a facility is set off by its prompt 
adjustment and, if necessary, by alteration at 
the customer’s request or for other reasons. The 
design work output (drawings: projections, 
sections and isometric diagrams) is generated 
from its completed model [35]. 

The transition to application of the entire 
SmartPlant product line in production 
environment is impossible without preliminary 
development and acceptance of design procedures 
under new conditions. In particular, 
authorisations to issue design documentation in 
the form of isometric, piping and instrument 
diagrams (P&ID), etc., will be obtained.  

The design information system in the 
SmartPlant Intergraph environment is based on 
the concept of creating and managing all technical 
information on the facility throughout its entire 
operation cycle. The corporate document 
management system in the SmartPlant Foundation 
(SPF) environment is designed to address this 
issue [36].  

The SPF system provides automation of the 
following functions:  

– information support to project participants  
– electronic archive of executive 

documentation  
– document management: document routing 

and follow-up  
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– electronic archive integration with application 
software  

– information security.  
The system has been in use at RN-UfaNIPIneft 

since 2007. Beside the conventional electronic 
archive, implemented were the following procedures: 
Workflow procedure of paperless reconciliation of 
the design documentation, the redline editing mode 
and mark-up transfer during reconciliation, transfer 
of tasks among related business units [35]. 

Advantages: 
– design of all process networks in one software 
– forming of a heterogeneous group of 

experts and testing all modules in one pilot project 
at the initial stage of software introduction 

– synergy of SPF module with the design of 
process networks in one software 

– on-line data sharing function. 
Disadvantages: 
– No interface localisation to Russian  
– No map referencing. 
Development: 
– Map module integration with SmartPlant 3D. 

 
TomskNIPIneft  

 
At TomskNIPIneft, based on a long 

experience of conceptual works, a methodology 
and the primary approaches to pre-project 
assessments of capital investment and operating 
costs were developed.  

The methodology features a step-by- 
step design of technical solutions, analysis of 
capital investment and operating costs by 
options and further definition of technical 
solutions for a recommended option. Figure 3 
shows an example of a consecutive design of 
technical solutions and a selection of an optimal 
option of the infrastructure development, 
according to the above methodology of 
TomskNIPIneft [37].  

Furthermore, in the process of 
conceptualisation and experience accumulation, 
generated are template solutions with efficiency 
refinement for various aspects: pipelining, gas 
handling, power supply, etc. [37–39].  

These templates allow one to exclude all 
inefficient solutions and optimise the asset 
conceptualisation already at the stage of a variant 
tree of a certain infrastructure development.  
 

Asset Development Engineering  
 

Advancement of the conceptualisation 
technology due to its complexity requires 
simplification and automation of the technical 
solution designing process for various options 
subject to probable changes in the baseline data. 
For this purpose, based on the above 
methodology, TomskNIPIneft has designed an 
original toolkit that represents a feasibility study 
information model (‘IM-TEO’) [37]. 

 

 
 

Fig. 3. Example of a conceptual design of infrastructure development using TomskNIPIneft methodology 
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Fig. 4. IM-TEO operating algorithm 
 

‘IM-TEO’ is aimed at prompt economic 
assessments of possible options of infrastructure 
surface developments of a field, groups of fields, 
or a region, which includes:  

– input and processing of data on the 
production in licence areas and a licence area 
development sequence  

– determination of key performance 
indicators for well drilling and well pad 
construction  

– calculation of key performance indicators 
of the license area infrastructure developments  

– assessment of key economic indicators based 
on oil and gas production data, a development 
sequence of licence areas and fields, drilling and 
infrastructure development schedule [37].  

The operating algorithm of the ‘IM-TEO’ 
functional units is shown in Figure 4.  

Advantages: 
• approved methodology 
• package import of baseline data 

(production profile, map data, value indicators). 
Disadvantages: 
• no software to synergise all calculations. 
Development: 
• extension of the simulation model, 

applicability to different regions in Russia  
• integration with map databases, allowance 

for terrain  

• development of the economic feasibility 
assessment multifactor module  

• development of calculation modules for logistics 
schemes in the following areas: balance calculation of 
systems with oil and oil product transportation 
options, feasibility analysis of delivery options to the 
fields and selection of the least expensive option  

• creation of a module that will connect 
underground and surface elements of the field 
infrastructure development. 
 

PermNIPIneft Branch of LUKOIL-
Engineering LLC in Perm 

 
The Conceptual Engineering system is currently 

being introduced and implemented at PermNIPIneft 
branch of LUKOIL-Engineering LLC in Perm.  

An operational procedure has been developed 
for conceptual designing at LUKOIL-Engineering 
for the Company’s priority assets, which covers 
the following aspects: 

• conceptual design process description 
• procedure for interaction between structural 

units 
• design preparation flow chart (Fig. 5) 
• required input data list. 
A comprehensive set of conceptual engineering 

tools is used to develop optimal systems for 
gathering and infrastructure development of fields: 
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Fig. 5. Flow chart of the conceptual design preparation 
 

• Pilot-ICE information system 
• ICM 2.0 
• 3D engineering of area objects 
• calculation of integrated models of the 

field infrastructure development system. 
Pilot-ICE. In 2013, Pilot-ICE information 

system was acquired for structuring and storing all 
the accumulated asset information related to 
design and survey works. 

Initially, the information system represented 
a structured electronic data repository with the 
possibility of data import and export and a limited 
access function. 

In 2018, the software was upgraded to 
eliminate hard-copy document workflow within 
the business unit and to strengthen control over 
the documentation released. 

At present, the software includes a wide 
range of automated functions: 

• data storage module: all completed 
projects are stored as per the design start year, 
including executive documentation 

• task creation and issue module: it allows 
creating, directing and tracking all the information 
transferred, and ensures the logistics and structuring 
of documents and compliance with deadlines 

• module of documentation reconciliation 
with the customer: the design documentation via 

the system folder is forwarded to the customer 
for approval within the software where the 
approval process takes place. The redline 
function is implemented. For each project, 
correspondence between a project executive and 
a customer’s representatives using an internal 
chat messenger is provided for. 

• The Pilot-ICE information system has 
significantly reduced the design documentation 
release workload and the amount of routine 
operations, which enabled the design engineers 
to focus on optimisation tasks and design 
solution upgrades. 

ICM 2.0. This software is a product of Ingenix 
Group and an upgraded version of ICM. 

Since 2015, ICM 2.0 is used for feasibility 
studies of priority projects and comparison of 
construction costs during multivariate analysis. 

To adapt this software, it was required to 
create an in-house database based on customer’s 
implemented projects. 

ICM modules allow for the engineering of 
linear and area facilities based on map data at the 
feasibility study stage, with an option of applying 
cost limitations (design execution subject to 
limited capital investment). 

3D modelling of area facilities. Application of 
the 3D-design tool started with the appearance of 
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a 3D survey of a facility performed at the stage of 
comprehensive engineering surveys in 2017. 

Model development is carried out by a 
package of software products: 

• CadLib - Model and Archive: model 
consolidation, model structuring, administration 

• ModelStudioCS - Pipelines: design of 
process facilities 

• ModelStudioCS - Construction Solutions: 
engineering of reinforced-concrete and metal 
structures 

• ModelStudioCS - Cable: design of power 
supply cable routes and instrumentation 

• AutoDesk Civil 3D: master plan and 
surfaces. 

To bring the software into commercial 
operations, the personnel training was conducted, 
and a working group of specialists was formed. 

The application of 3D engineering has 
reduced the time required to release design 
documentation due to an automated generation of 
orthographic drawings.  

Design engineers were enabled to enhance 
the quality and level of detail in the design of the 
facility critical components. 

Since 2019, a 3D model has been applied to 
all area designs. 
 

Calculation of Integrated Models 
of the Infrastructure Development System 

 
The integrated model is a stand-alone system 

of pipelines and wells. 
A large amount of baseline data is required to 

build an informative model: 
• reservoir studies  
• development indicators  
• geological and physical characteristics, oil 

and gas properties of formations, oil and gas 
reserves data by field, etc.  

• design of production and injection wells 
(production string and liner with indication of 
setting depth, wall thickness and wall thickness 
change intervals) 

• process flow charts of oil gathering and 
transportation system, reservoir pressure 
maintenance systems (RPM) 

• a list of field pipelines (with indication of 
pipeline internal diameter and length), pipeline 
design profiles, technical inspection of pipelines 

• downhole equipment data sheets  
• process flow mode of production and 

injection wells 

• information on current actual well 
operation parameters 

The integrated model (IM) addresses the 
following production tasks: 

• optimisation calculations for voidage 
replacement  

• IM calculations for the period of 
administrative and technical activities due to a 
well stock shutdown, allowing to compensate for 
losses by increasing the flow rate of other wells 
for the period of administrative and technical 
activities 

• optimisation of surface and downhole 
equipment 

• calculations and provision of 
recommendations for transferring wells to RPM 
(stabilisation of reservoir pressure decline by 
formations) 

• calculations and provision of 
recommendations for well intervention and 
workover. 

Advantages: 
• a set of engineering tools implemented 
• operational procedures developed. 
Disadvantages: 
• no synergy of all tools in a single 

information space. 
Development: 
• approval and follow-up revision of the 

operational procedures  
• creation of Conceptual Design functional unit 
• creation of a single information space  
• development of 3D-design module. 
The above conceptual design tools were used 

at the Company’s branch to develop the feasibility 
study for the Varandey-Adzvinskaya group and 
the Komandirshorskoye field. 

Multidisciplinary teams were created for 
these priority projects, the input data flow was 
defined as per operational procedures, and a 
comprehensive assessment was performed. 
 

Development of the Komandirshorskaya 
Group of Fields 

 
To assess the development strategy of the 

Komandirshorskaya group of fields, oil reserves 
were re-calculated, with allowance for the 
development of new deposits. 

Subject to the terms of reference, a concept 
for the evaluation of production potential was 
defined, which consisted in calculating design 
production levels for two resource base options: 
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1) The Upper Devonian deposits of the 
Komandirshorskoye fields  

2) The Upper Devonian deposits of the 
Komandirshorskoye fields with the addition of the 
Middle Devonian prospective deposits and the two 
areas: Severo-Mishvanskoye and Simbeyskoye.  

Predictive levels were assessed using 
corresponding success probabilities: P90 Base: the 
highest probability of production potential for the 
Upper Devonian deposits of the Komandirshorskoye 
fields; P50 Development: a 50 % probability for 
the Upper Devonian and Middle Devonian 
deposits of the Komandirshorskoye fields and the 
two areas: the Severo-Mishvanskoye and 
Simbeyskoye fields, with the application of 
Kprov = 0.423 of the production profile to the 
prospective Middle Devonian deposits and the 
aforementioned areas; the lowest probability of 
success P10 Development OPTION: with 
maximum production levels and a set of facilities 
similar to option P50, but no Kprov of the 
production profile was applied. 

Performance indicators were determined 
subject to each probability, and production graphs 
were plotted (Fig. 6, a).  

For the production levels obtained, a 
multivariate assessment of the development of the 
oil and gas gathering, treatment, transportation, 
reservoir pressure maintenance and power supply 
system was made subject to the existing 
infrastructure and resource base (Fig. 7). 

In accordance with the baseline data, a flow 
chart of possible options for oil gathering, 
treatment and transportation was developed 
(Fig. 8). Based on the available specific indicators, 
the design capacity was calculated and economic 
indicators were determined in ICM 2.0 for each 
option (Fig. 6, b). 

Further to the infrastructure development 
system, the RPM system and power supply options 
were elaborated, and the final option was 
determined based on the resource base for the 
construction and installation operations, subject to 
geographical features of a construction area. 

Based on the feasibility study results, a 
positive economic feasibility option was 
determined including the oil treatment unit 
construction at the production levels of P10, P50 
and P90. 

Well fluid gathering, treatment and 
transportation: gathering and transportation of 
well fluid at Komandirshor oil treatment unit 
with a subsequent transportation to Kharyaga 

terminal (tie-in to ‘Yuzhno-Shapkinskoye-
Kharyaga' main pipeline) 

RPM system: in the initial period (until 2029), 
a supply of formation water from the booster 
pumping station to the sump pumping station with a 
subsequent pumping into the disposal well; after 
2029, centralised pumping from the modular 
compressor pumping station to nearby well clusters 
within 5-8 km, the excess liquid is pumped to 
disposal wells, local pumping in remote well clusters 
is performed using the pattern ‘high-pressure electric 
centrifugal pump in a water well - pumping to 
injection wells in a well cluster. 

Gas processing and transportation system: gas 
from Komandirshor oil treatment unit is pipelined to 
gas pipeline ‘Central gathering station ‘Yuzhno-
Shapkinskoye - KS-6’, to KS-6 gas compressor station 
or to central gathering station ‘Yuzhno-Shapkinskoye’ 
for power generation at the existing power unit. 

Power supply source in operating and 
emergency modes is the existing 110/35/6 kW 
substation ‘V. Lambeyshorskaya’, with the 
construction of a 50 km long 35 kW overhead 
power line to the 35/10 kW receiving step-down 
substation ‘Komandirshor’. 

The project is currently in Phase 2 ‘Selection’, 
and an interdisciplinary team is being created to 
further develop the design solutions. 
 

Feasibility Study of the Varandey-
Adzvinskaya Group of Fields 

 
In 2019, a feasibility study of the Varandey-

Adzvinsky asset development strategy was 
conducted. Up-to-date re-estimation of reserves 
was performed and production level options were 
proposed subject to implementation probability. 

The multidisciplinary team has developed 
an optimal infrastructure development system 
flow chart (Fig. 9, a) and outside transportation 
options (Fig. 9, b). 

The outside production transportation 
options were elaborated subject to GSM module in 
ICM 2.0 (allocation of facilities on a map material 
and estimation of capital investment). The main 
options were determined and the risks associated 
therewith were identified: 

• The need to obtain consent from third-party 
subsoil users (Rosneft Oil Company (PJSC), 
Bashneft-Polyus (Joint Venture)) for land 
development within claim areas and permission 
from the Russian Federation Federal Agency for 
Mineral Resources for development of land plots 
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Fig. 6. Indicators: a - performance, production graphs for options P90, P50 and P10; b - economic feasibility 
 

 
 

Fig. 7. Existing infrastructure 
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Fig. 8. Oil gathering, treatment and transportation options 
 

 
а 

 
b 

Fig. 9. Development strategy for the Varandey-Adzvinsky asset: a – optimal infrastructure 
development flow plan; b – outside oil transportation options 
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Ranking of conceptual design software by leading oil and gas companies 
 

Software Procedure Information space / 
Software

Conceptual / 
Integrated model

Map referencing 
module 

Developme
nt Total 

Ingenix Group 0.6 0.8 0.6 1.0 1.0 4.0
Gazpromneft STC  
Gazpromneft-Development  1.0 1.0 1.0 0.8 1.0 4.8 
RN-UfaNIPIneft  1.0 1.0 0.8 0.4 1.0 4.2
TomskNIPIneft  1 0 0.8 0 1.0 2.8
PermNIPIneft branch of LUKOIL-
Engineering LLC in Perm 0.5 0.3 0.8 0.5 1.0 3.1 
 

• since operations area is located in close 
proximity to the protected area of a nature 
reserve, therefore, the construction site contains 
habitats of protected species of animals/plants, 
bird migration routes, wetlands, which may 
impose restrictions on the operations  

• design documentation for the planned 
operations facilities classified as a category I 
negative environmental impact facility is subject 
to the State Environmental Expert Review with 
public hearings. Based on the comprehensive 
assessment results, subject to the development 
cost and risks, option 1 was selected (installation 
of oil pipeline ‘Oil treatment unit No. 3 of the 
Zapadno-Lekeyaginskoye field – tie-in point to 
‘Yuzhnoye-Khylchuyu-Varandey’ oil pipeline’, 
Ø 273×8 mm, length of 141 km). This project has 
no positive economic effect to date due to large 
capital investments.  

Currently, the design team is elaborating the 
options to realise this asset with a sequence of 
phased development of the fields. The Severo-
Saremboyskoye field is considered the first one to 
be put into production, subject to development of 
oil treatment facilities and linear structures, while 
the Zapadno-Lekeyaginskoye field is the next one 
to be put on line. 
 

Analysis of Applied Conceptual 
Design Tools 

 
To systematise the above analysis of the 

conceptual approach application to designing, the 
data are organised into a table with a scoring 
system, where values are taken from 0 to 1 
depending on the extent of elaboration and 
implementation of the tools used (see Table).  

Analysis of the table data shows that the 
strategy of Gazprom Neft STC appears the most 
successful one, as they are developing the 
conceptual engineering in a systematic way and 
expand information in a single space in 
compliance with internal regulatory documents.  

At present, PermNIPIneft branch of LUKOIL-
Engineering LLC in Perm, is finalising the 

operating procedures for input data provision 
from all specific units. At the next stage, 
contractors will be selected to develop individual 
modules and combine them into the WellInfo 
common information space. 

This space allows developing conceptual 
models for both new and existing assets, which 
will enable optimisation decisions on the design 
and upgrade of the infrastructure development 
system and the maintenance of production levels.  

Concurrently with the information space 
development, subject to the feasibility study 
design experience for priority facilities, 
multidisciplinary teams will be formed for the 
design of both existing and new assets based on 
system engineering methods [40-45].  
 

Conclusions 
 

In the current macroeconomic environment, 
it is crucial to assess the effectiveness and risks of 
asset developments at an early stage of design. 

Presently, all major oil and gas companies 
use the full range of conceptual engineering tools 
to address this issue. 

The application of comprehensive design 
approaches not only increases the assessment 
accuracy and correlates it with actual conditions, 
but also automates a wide range of routine tasks, 
which increases the time required for conceptual 
engineers to develop design solutions. 

The development of methods and procedures 
ensures typification of approaches and allows 
creating template solutions to design tasks. 

It should be noted, however, that most of 
the tools are related to the implementation of 
new assets, while no generally accepted 
methods for developing and maintaining 
existing fields have been created.  

Such progress is vital since newly 
commissioned fields are often a part of an 
existing asset infrastructure development system 
with a range of extreme performance 
parameters, that is why the commissioning of 
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new facilities can completely shutdown the 
system and oil production. 

To develop the conceptual design strategy, 
funding shall be provided for acquisition of 
various software products, along with allocation 
of human resources and time budgeting.  

Only a well-trained team of specialists in 
various fields is capable to comprehensively 
address the technological tasks. 

The experience gained in the feasibility study 
development for the Varandey-Adzvinskaya group 
and the Komandirshorskoye field allows 
determining further developments of the 
conceptual design strategy at the Company’s 
branch, the set and accuracy of the necessary 
baseline information, and the principles of 
forming a multidisciplinary team of experts. The 
application of conceptual design tools enables the 
asset development evaluation within a short 
period of time and optimal options obtained based 
on a comprehensive assessment of all factors. 
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