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What is System/ Integrated Engineering?

A great success is made up of many foreseen and 
carefully considered details

V.O. Klyuchevsky

« »
System Engineering (SE) is a cross-disciplinary engineering science that provides methodology and 
tools for the holistic modeling, design, creation and exploitation of complex natural, technological 
and organizational objects.

SE integrates the approaches and algorithms developed in such areas as: 

Construction

Manufacture

Power systems engineering

Control and management systems engineering

Ecology

Security Cybernetics

Programming
Organizational engineering

Project management
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System Engineering at field level

Drilling

Well pads

Utilities / 
communications

CPFOil custody 
transfer

External 
infrastructure

Geological model Hydro dynamical model

Well model
Economic model

External transport model

Surface infrastructure 
model

Integrated models assembly:
» Integrity

» Interaction between models

» Multi-parametric economic optimization

Well pad distribution model
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System Engineering at oil company level

Exploration Appraisal Development Production Abandonment 

Equipment lifecycle 
management Sales and account 

management

Order and contract 
management

Electronic Asset Development

Logistics

Procurement

ASSET INTEGRITY

SERVICES AND SALES

Scheduling and deployment
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Interdisciplinarity – the spirit of System Engineering

» The Peril of Expertise – Silos of 
isolated functions

» The imperative of the time –
synergistic integration of these 
Silos by unified:

 Information

 Algorithms

 Tools

 Procedures and methodology
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Key milestones of contemporary System Engineering

The term “System 
Engineering” appears

Bell Laboratories

1920–1930 1950

First lectures in Engineering 
at Massachusetts Institute

D. Gilman

1957

“System Engineering: An 
introduction to the Design of Large-
scale Systems” book published

by Robert E. Machol, Harry H. Goode 

1960

The world’s first 
department of system 
engineering

University of Arizona

1962

Classic book “A 
Methodology for System 
Engineering”

by Arthur Hall

1969

USSR’s first department for  system engineering 
at Moscow Power Engineering Institute

F.E. Temnikov

1976 

Institute for Systems 
Analysis of Russian 
Academy of Sciences was 
founded

…
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(Large-scale) systems theory:
Philosophical basis for System Engineering

1920–1930 1943 1960 1970

“General 
systems theory“

Von Bertalanffу L. 

“Tectology”

A.A. Bogdanov

1956

The Law of requisite 
variety

Ashby W.R.

First neurocomputer

Rosenblatt F.

Theory of self-organization
introduced

Prigogine I.

Cybernetics introduced

W.S. McCulloch, N. Weiner

First works on 
feedback theory

Bell Laboratories

First model of global 
development

Forrester J.W.

1936

The general theory of 
employment, interest 
and money

Keynes J.M.

1980

Neocognitron
(deep learning)

Fukushima

…
1968
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The complexity of engineering objects keeps growing

1967 1981 2010

0.4 million
parts

3.1 million
parts

6 million
parts

737

767

747- 8
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Volumes of information increase on daily basis

Volume of electronic 
information

40 ZB

30 ZB

20 ZB

10 ZB

Machine learning

Smart Industry

1960-1980 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Data intensive science

Deep Learning

Cognitive computing

Traditional IT focus,
structured information/ 
knowledge: less than

10%

More than 90% of the 

information is:

 not structured

 not verified

 ambiguous

 changing with time
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The drivers for SE relevance growth: the era of new major projects in
Russia

Access and 
sharing

Finding and creating 
new solutions

Exploitation of USSR 
legacy

Implementation of the 
projects intended during 

USSR period

New projects and new 
ideas

1994–2004 2005–2017 2018–2030
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The drivers for SE relevance growth: shifting to an unstable world

Steady

Predictable

Ordinary

Definite

Volatile

Uncertain

Complex

Ambiguous
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The drivers for SE relevance growth: radical efficiency increase is 
required

QUALITY OF 
RESERVES

SIZE OF DISCOVERED 
FIELDS

OIL PRICE

PAST: TODAY:

Highly productive and 
thick formations

Large

Exclusive commodity, 
high prices

Hard-to-recover reserves, 
oil/gas/condensate, oil rims

Small 

Non-exclusive commodity, 
low price

INFRASTRUCTURE Developed regions
East Siberia, Arctic region, 
offshore

TARGETS
Distribution of capital, 
production growth

Radical efficiency increase

Possible opportunities:

new technologiessmart materials

design chemistrycognitive technologies accessibility of sensors and gadgets

3D printing agile          digitalization

IT capacity growth 
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GPN-Electronic Asset Development program (ERA™) is the digital 
foundation of System Engineering at Gazprom Neft

EXPLORATION

ERA:GeoMate
(Geologists digital 
workspace)

DEVELOPMENT

ERA:GRAD
reservoir engineer digital 
workbenches 

Search for analogue fields

DRILLING

One window to monitor 
drilling process

CONCEPT ENGINEERING

Integrated engineering, ERA:ISKRA
(Optimal development concept 
accounting for interdependencies within 
the “reservoir-well-infrastructure-cost-
economics”)

PRODUCTION
ERA:Shakhmatka (Well real time 
data and forecast),
ERA:Mekhfond (Optimization of 
well design, mobile operator)

CAPITAL 
CONSTRUCTION

3D-augmented reality, 
aero-monitoring

KNOWLEDGE SHARING

Knowledge management 
system with cognitive search 
engine

» iAdviser systems

» Digital workbenches for all functions

» Modular architecture
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Focus of GPN-ERA™:
IT role in integrated modeling and concept development

Lack of attention to the early 
stages of field lifecycle

Too much attention to detailed or 
high-level models

!

Cost of digitalization

Value of IT

Exploration Integrated field 
development 

concept

Drilling Construction Operation

Availability of software tools

!

High-level models

Integrated models

Detailed models100%

~20%

~60%
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ERA:ISKRA is an integrated cross-functional platform

FIELD INFRASTRUCTURE

DRILLING SCHEDULE 
AND PRODUCTION 
PROFILE

WELL PAD 
DISTRIBUTION

WELL OPERATION 
CONDITIONS

RESERVOIR MODEL

RE-ENGINEERING
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Benefits of using cost engineering at GPN

Onsite 
infrastructure 
CAPEX

Bank of cost models

Linear 
infrastructure 
CAPEX

100% OPEX70%80%

Improved cost estimates at early 
stages

Linear
infrastructure

Onsite
infrastructure

Other
infrastructure

54%

40%

6% 6%

42%

52% As per cost 
model

±15%

As per 
DED*

Accuracy of estimate based on cost model

±50% Standard accuracy at “Appraise” stage

±30% Standard accuracy at “Select” stage

4 days 2 months

Calculation time using 
cost modeling

Calculation time using 
DED

Cost of 
well

Length of 
horizontal 
section, km

*Detailed Engineering Design
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Estimate, MM RUR

123.442.8
14%

4%

82%

23%

6%

71%

DW MD=3150m 
SSHF

HW MD=4230m
MSHF 5 stages

38.6 146.6

68%

3%

29%
9%

86%

5%

Well construction

Rig work

Well completion

Actual cost of well compared with cost modeling estimates

Actual, MM RUR

±15%
Final uncertainty of 
cost model

DW MD=3150m 
SSHF

HW MD=4230m
MSHF 5 stages
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SE application at early stages:
Remote Field Group

REGIONAL MODEL

Principles of HC generation 
and migration1

GEOLOGICAL MODEL

Facial, structural and tectonic 
model, trap geometrization, 
identification of zonal and 
geological trends

2

DETAILED 
RATIONALE OF 
PREREQUISITES

Probability estimate of 
resources and risks

3
RATIONALE FOR 
RESERVOIR MODEL

Probability estimate of 
production profiles using 3D 
models, well pad distribution

4

BUSINESS CASE 
Optimization of technological 
solutions and Exploration 
program accounting for EMV, 
VOI

6

PRELIMINARY 
INFRASTRUCTURE 
CONCEPT

Probability estimate of 
production profiles using 3D 
models, well pad distribution

5

Integrated project concept at early 
development stage allows to: 

» Identify the range of optimized 
technical and management solutions

» Design and plan of further studies

» Structure the Exploration program for 
the timely selection of the optimal 
pipeline diameter

» Business Case management from 
initiation through to realization 

EMV growth due to the application 
of integrated approach+30%
Growth in project profitability+10%

~1.3 Profitability of project with 
integrated model
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Novy Port integrated model

Reservoirs

Well

Infrastructure

5 hydrodynamical
models

600+ wells

Model of gas 
collection and 
injection network

The Integrated model allows to:

» Identify bottlenecks in the well network and to 
optimize its operation;

» Estimate potential production opportunity and 
analyze risks;

» Optimize gas re-injection;

» Justify large infrastructure objects.

Integrated modeling is a key step towards
a “digital oilfield”

Potential additional oil production from integrated modeling 
including 11 GPN fields until 2030 

40.5 MMT
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Oil production (Р50) ‘000 t

Хоппер (PI<1,15), P50

Уверенные (PI>1,15), P50

База

Selecting a suitable project portfolio

Portfolio 1: existing technology

≈RUR3.2 bn investments
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Oil production(P50) ‘000 t

Опт.длинные МСС, P50
Опт.длинные ГС, P50
Опт.дизайн, P50
База

RUR1.3 MM/ha CAPEX

Portfolio 2: new technology

Year Description Targets
Target 

CAPEX/ha

2017 Opt. design of wells -30 MM/well 1.05

2020 Long HWs L=2 km 0.9

2020 Long multilateral HWs 2 HWs, 2 km long 0.85

Technology projects KPI:

Integrated assessment tools for complex plans of asset development

≈RUR5.6 bn investment

RUR0.85 MM/ha CAPEX

Opt. long MLWs, P50
Opt. long HWs, P50
Opt. design, P50
Base

Low priority (PI<1.15), P50

Proved (PI>1.15), P50

Base

Risk of Investment portfolios

Investments
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