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fundamentals of numerical reservoir simulation form the backbone of modern petroleum
engineering, enabling experts to predict how fluids move through underground reservoirs. This
powerful computational technique helps engineers optimize oil and gas recovery while managing
resources sustainably. If you’re curious about how these digital models work or why they matter,
you’re in the right place. Let’s dive into the essential concepts and processes that make numerical
reservoir simulation a critical tool in reservoir management.

Understanding the Basics of Numerical Reservoir
Simulation

Numerical reservoir simulation is essentially the creation of a mathematical model that mimics the
physical behavior of fluids—oil, water, and gas—within porous rock formations beneath the Earth’s
surface. It leverages complex equations derived from fluid dynamics, thermodynamics, and geology
to simulate various scenarios, such as production strategies or enhanced oil recovery techniques.

At its core, numerical simulation transforms a reservoir’s geological and petrophysical data into a grid
or mesh, where each cell represents a tiny volume of rock. The simulator then solves governing
equations over time to track pressure, saturation, and flow patterns within these cells. This approach
provides a dynamic view of how the reservoir responds to different interventions.

Why Numerical Simulation Matters in Reservoir Engineering

The unpredictable nature of subsurface reservoirs makes decision-making challenging. Numerical
simulation offers a risk-reducing strategy by allowing engineers to test “what-if” scenarios without
physically altering the reservoir. This capability:

- Improves production forecasting accuracy.
- Aids in designing efficient well placements and completion techniques.
- Supports enhanced oil recovery (EOR) planning.
- Helps in managing reservoir depletion and secondary recovery methods sustainably.

Without these simulations, operators would rely heavily on trial and error, leading to costly mistakes
and suboptimal recovery.

Key Components of the Fundamentals of Numerical



Reservoir Simulation

Several critical elements come together to build an effective reservoir simulation model.
Understanding these components helps grasp the complexity and precision involved.

1. Geological Modeling

Before any simulation begins, a detailed geological model is constructed. This model integrates data
from seismic surveys, well logs, core samples, and production history to characterize the reservoir’s
structure, rock properties, and heterogeneities. Geological modeling defines the spatial distribution of
porosity, permeability, and fluid saturations, which are vital inputs for the simulation.

2. Grid Generation and Discretization

The reservoir volume is divided into discrete grid cells—a process known as discretization. These grids
can be structured (typically rectangular) or unstructured (adapted to complex geometries). The
choice of grid impacts simulation accuracy and computational efficiency. Fine grids capture small-
scale features but require more computing power, while coarse grids speed up calculations but may
oversimplify critical details.

3. Fluid Flow Equations

Simulating reservoirs relies on solving partial differential equations that describe multiphase flow
through porous media. The most common set includes:

- Mass conservation equations for each fluid phase.
- Darcy’s law to model fluid flow velocity.
- Capillary pressure and relative permeability relationships to capture phase interactions.

These equations form a coupled system, often nonlinear, requiring iterative numerical methods to
solve.

4. Rock and Fluid Properties

Accurate representation of rock and fluid characteristics is crucial. Parameters like porosity,
permeability, viscosity, compressibility, and phase behavior influence how fluids move and interact.
Laboratory measurements, PVT (pressure-volume-temperature) analysis, and field data provide these
inputs. Since reservoirs are heterogeneous, properties can vary significantly across the grid.



5. Initial and Boundary Conditions

Defining the starting state of the reservoir (pressures, saturations) and how it interacts with
surroundings (no flow boundaries, aquifer support) sets the stage for simulation. These conditions
impact the model’s stability and reliability.

Numerical Methods and Solver Techniques

The “numerical” in numerical reservoir simulation refers to the computational methods used to
approximate solutions to the complex equations governing fluid flow. Let’s explore some of the
fundamental techniques.

Finite Difference and Finite Volume Methods

Two popular discretization schemes are finite difference and finite volume methods. Both convert
continuous differential equations into algebraic equations that computers can handle.

- Finite difference methods approximate derivatives by differences between neighboring grid points.
- Finite volume methods integrate conservation laws over discrete volumes, ensuring conservation
properties hold strictly.

Choosing the right method depends on the problem’s nature and desired accuracy.

Time Stepping and Implicit vs. Explicit Schemes

Reservoir simulation is inherently transient, meaning properties change over time. Time stepping
techniques advance the solution in increments, with two main approaches:

- Explicit schemes calculate new states directly from known values but can be unstable for large time
steps.
- Implicit schemes solve equations involving unknown future states simultaneously, offering better
stability and allowing bigger time steps, though at higher computational cost.

Most reservoir simulators favor implicit methods for their robustness.

Nonlinear Solver Strategies

Because fluid flow equations are nonlinear, solving them requires iterative methods like Newton-
Raphson. These solvers start with an initial guess and repeatedly refine it until convergence criteria
are met. Managing convergence issues is a critical skill for reservoir engineers.



Incorporating Advanced Features in Reservoir
Simulation

Modern simulation tools extend beyond basic flow modeling to capture complex reservoir
phenomena.

Multiphase and Multicomponent Flow

Real reservoirs often contain oil, water, and gas phases coexisting and interacting. Simulators handle
multiphase flow by tracking saturations and phase pressures separately. Multicomponent models go
further by considering individual hydrocarbon components, enabling detailed compositional studies.

Thermal and Geochemical Effects

In thermal recovery methods like steam injection, temperature changes affect fluid properties and
rock behavior. Thermal simulation integrates heat transfer equations with flow models. Additionally,
geochemical reactions such as scaling or mineral dissolution can be modeled to predict formation
damage or enhance recovery.

Fractures and Geomechanics

Fractured reservoirs require special treatment because fractures provide high-permeability pathways.
Dual-porosity and dual-permeability models represent these features. Geomechanical coupling
accounts for stress changes that impact permeability and porosity during production.

Practical Tips for Building Reliable Numerical Reservoir
Simulations

Creating a dependable reservoir model is as much an art as a science. Here are some insights to keep
in mind:

Data Quality is King: Invest time in gathering and validating geological and petrophysical
data to avoid “garbage in, garbage out” scenarios.

Balance Grid Resolution and Runtime: Use finer grids in critical areas (near wells or faults)
and coarser grids elsewhere to optimize computational resources.

History Matching: Calibrate the model by adjusting uncertain parameters to match historical
production data, improving predictive power.



Scenario Testing: Run multiple simulations under different assumptions to assess risks and
identify optimal development plans.

Collaborate Across Disciplines: Work closely with geologists, petrophysicists, and reservoir
engineers to integrate diverse expertise into the model.

The Future of Numerical Reservoir Simulation

As computing power grows and data acquisition techniques advance, numerical reservoir simulation
continues to evolve. Machine learning and artificial intelligence are beginning to aid in parameter
estimation and uncertainty quantification. Cloud computing enables faster simulations and
collaboration on a global scale. Furthermore, real-time simulation linked with sensor data from smart
wells opens new possibilities for dynamic reservoir management.

Whether you’re a seasoned engineer or a newcomer, understanding the fundamentals of numerical
reservoir simulation equips you to contribute meaningfully to the field and drive innovations in
hydrocarbon recovery.

Exploring these core concepts reveals just how much numerical reservoir simulation transforms vast,
unseen underground formations into manageable, predictable systems—ultimately unlocking the full
potential of our subsurface resources.

Frequently Asked Questions

What is numerical reservoir simulation?
Numerical reservoir simulation is a computational technique used to model the behavior of fluids
within a petroleum reservoir over time, helping engineers predict production performance and
optimize recovery.

Why are numerical methods important in reservoir
simulation?
Numerical methods allow for the approximation of complex physical processes governing fluid flow in
porous media, which are often described by partial differential equations that cannot be solved
analytically.

What are the primary equations solved in numerical reservoir
simulation?
The primary equations are the mass conservation equations for each fluid phase (oil, water, gas)
coupled with Darcy's law to describe fluid flow through porous media.



What is the role of grid discretization in reservoir simulation?
Grid discretization divides the reservoir into smaller cells or blocks, enabling the numerical solution of
flow equations by approximating continuous reservoir properties within discrete volumes.

How do boundary and initial conditions affect reservoir
simulation?
Boundary and initial conditions define the starting state and constraints of the reservoir model,
significantly influencing simulation accuracy and the prediction of fluid movement.

What is the difference between black-oil and compositional
reservoir simulation models?
Black-oil models simplify fluid phases into oil, water, and gas with fixed properties, whereas
compositional models track multiple hydrocarbon components to better represent phase behavior and
fluid properties.

How is rock and fluid property data integrated into reservoir
simulation?
Rock and fluid properties such as porosity, permeability, viscosity, and relative permeability are input
as spatially varying parameters to accurately represent reservoir heterogeneity and fluid flow
characteristics.

What numerical techniques are commonly used to solve
reservoir simulation equations?
Finite difference, finite volume, and finite element methods are commonly used numerical techniques
to discretize and solve the governing equations in reservoir simulation.

Why is time-stepping important in numerical reservoir
simulation?
Time-stepping controls the progression of the simulation through time, balancing accuracy and
computational efficiency to capture dynamic reservoir behavior over operational periods.

What challenges exist in numerical reservoir simulation?
Challenges include handling complex geology, multi-phase flow, scale disparity, computational cost,
uncertainty quantification, and integrating real-time data for model updating.

Additional Resources
Fundamentals of Numerical Reservoir Simulation: A Professional Review



fundamentals of numerical reservoir simulation underpin the modern approach to
understanding subsurface fluid flow within hydrocarbon reservoirs. As the oil and gas industry faces
increasing challenges related to reservoir complexity, production optimization, and enhanced
recovery techniques, numerical reservoir simulation has emerged as an indispensable tool for
engineers and geoscientists. This article provides an analytical overview of the core principles,
methodologies, and applications of numerical reservoir simulation, placing emphasis on its role in
reservoir management and decision-making.

Understanding Numerical Reservoir Simulation

Numerical reservoir simulation refers to the use of mathematical models and computational
algorithms to replicate the physical behavior of fluids in porous media. These simulations integrate
geological, petrophysical, and fluid flow data to create dynamic models that predict reservoir
performance over time. Unlike analytical solutions, which are limited to simple reservoir geometries
and flow regimes, numerical simulations accommodate complex reservoir heterogeneities and
multiphase flow phenomena.

Central to the fundamentals of numerical reservoir simulation is the discretization of the reservoir into
a grid or mesh, where each cell represents a portion of the reservoir with distinct properties. This
spatial representation allows the simulation to solve partial differential equations governing mass
conservation, fluid flow, and thermodynamic behavior within each cell. The outputs typically include
pressure distribution, fluid saturations, and production forecasts, which are crucial for reservoir
engineering analyses.

Key Equations and Physical Principles

At the heart of numerical reservoir simulation lies the set of governing equations derived from the
principles of fluid mechanics and thermodynamics. The most fundamental is the mass conservation
equation for each fluid phase (oil, water, gas), often coupled with Darcy’s law to describe flow through
porous media. These equations are nonlinear and time-dependent, requiring iterative numerical
methods for their solution.

The governing equations typically take the form:

\[
\frac{\partial}{\partial t} (\phi S_\alpha \rho_\alpha) + \nabla \cdot (\rho_\alpha \mathbf{v}_\alpha) =
q_\alpha
\]

where \(\phi\) is porosity, \(S_\alpha\) is saturation, \(\rho_\alpha\) density, \(\mathbf{v}_\alpha\)
velocity of phase \(\alpha\), and \(q_\alpha\) source/sink terms. Darcy’s velocity \(\mathbf{v}_\alpha =
-\frac{k k_{r\alpha}}{\mu_\alpha} (\nabla P_\alpha - \rho_\alpha g \nabla D)\) incorporates
permeability (\(k\)), relative permeability (\(k_{r\alpha}\)), viscosity (\(\mu_\alpha\)), pressure
gradient, gravity effects, and depth (\(D\)).



Types of Numerical Reservoir Simulators

The fundamentals of numerical reservoir simulation extend across various simulator types, each
catering to specific reservoir characteristics and operational objectives.

Black Oil Simulators

Black oil models simplify fluid representation by treating oil, water, and gas as distinct but
interrelated phases with constant properties, except for gas dissolved in oil. These simulators are
widely used due to their computational efficiency and suitability for conventional reservoirs where
compositional effects are minimal. They are ideal for primary recovery forecasting and waterflood
management.

Compositional Simulators

When reservoir fluids exhibit complex phase behavior, such as in gas condensate or volatile oil
reservoirs, compositional simulators become essential. They track individual hydrocarbon components
and their phase equilibria, providing a detailed depiction of fluid interactions. While more
computationally intensive than black oil models, compositional simulators enable more accurate
prediction of enhanced oil recovery processes like gas injection and CO2 flooding.

Thermal Simulators

Thermal reservoir simulators incorporate heat transfer alongside fluid flow, making them
indispensable for thermal recovery methods such as steam injection and in-situ combustion. These
simulators model temperature-dependent fluid properties and reactions, adding complexity but
improving fidelity in thermal enhanced oil recovery (EOR) projects.

Fundamental Steps in Reservoir Simulation Modeling

Developing an effective numerical reservoir simulation involves several critical stages, each rooted in
the fundamentals of numerical reservoir simulation.

Data Acquisition and Integration

A robust simulation model begins with comprehensive data gathering, including geological maps, well
logs, core analyses, and production history. Petrophysical properties such as porosity, permeability,
and saturation distributions are extracted and integrated into a coherent reservoir description. The
quality and resolution of input data directly impact model accuracy.



Grid Design and Upscaling

The reservoir is discretized into a grid system, which can be structured (Cartesian, corner-point) or
unstructured (triangular, tetrahedral), depending on reservoir complexity and computational
resources. Upscaling techniques reconcile fine-scale geological heterogeneities with coarser
simulation grids, preserving key flow characteristics while managing computational demands.

Initialization and History Matching

Initialization assigns initial reservoir conditions such as pressure and saturation distributions. History
matching is an iterative calibration process where simulation outputs are compared against historical
production data to refine model parameters. Successful history matching enhances confidence in
future predictions and reservoir management decisions.

Challenges and Advances in Numerical Reservoir
Simulation

Despite its critical role, numerical reservoir simulation faces inherent challenges related to model
uncertainty, scale, and computational resources.

Handling Reservoir Heterogeneity

Reservoir heterogeneity, including variations in rock properties and fluid distribution, complicates
accurate simulation. Capturing these variations at relevant scales without excessive computational
cost remains a persistent challenge. Techniques like geostatistical modeling and multi-scale
simulation frameworks help address this issue by better representing spatial variability.

Computational Efficiency and Parallel Processing

The growing complexity of reservoir models necessitates advanced computational methods to reduce
simulation run times. Parallel processing and high-performance computing architectures have
revolutionized numerical reservoir simulation, enabling real-time decision support and scenario
analysis.

Integration with Machine Learning and Data Analytics

Recent developments incorporate machine learning algorithms to enhance parameter estimation,
uncertainty quantification, and model updating. These methods complement traditional simulation
workflows by accelerating history matching and optimizing reservoir management strategies.



Applications and Strategic Importance

The fundamentals of numerical reservoir simulation extend beyond theoretical constructs to practical
applications with significant economic and operational implications.

Production Forecasting and Optimization

Simulations provide forecasts of production rates, reservoir pressure, and fluid distributions, enabling
operators to optimize well placement, completion strategies, and production scheduling. By
simulating various development scenarios, companies can maximize recovery while minimizing costs
and environmental impacts.

Enhanced Oil Recovery (EOR) Evaluation

Numerical reservoir simulation is vital in designing and assessing EOR techniques such as water
flooding, gas injection, chemical flooding, and thermal methods. Simulators predict how these
interventions alter fluid flow and recovery factors, guiding technology selection and field
implementation.

Risk Assessment and Decision Support

Simulators help quantify uncertainties associated with reservoir characterization, fluid properties, and
operational parameters. Through sensitivity analyses and probabilistic modeling, reservoir engineers
can make more informed decisions regarding drilling programs, investment, and production
strategies.

In summary, the fundamentals of numerical reservoir simulation form the backbone of contemporary
reservoir engineering, integrating complex subsurface data into actionable insights. As computational
capabilities and data integration techniques advance, numerical simulation will continue to evolve,
offering increasingly precise and dynamic tools for reservoir management in an ever-changing energy
landscape.
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electronic computers has gained wide acceptance throughout the petroleum industry for making
engineering studies of a wide variety of oil and gas reservoirs throughout the world. These reservoir
simulators have been designed for use by reservoir engineers who possess little or no background in
the numerical mathematics upon which they are based. In spite of the efforts to improve numerical
methods to make reservoir simulators as reliable, efficient, and automatic as possible, the user of a
simulator is faced with a myriad of decisions that have nothing to do with the problem to be solved.
This book combines a review of some basic reservoir mechanics with the derivation of the
differential equations that reservoir simulators are designed to solve.
  fundamentals of numerical reservoir simulation: Fundamentals of Numerical Reservoir
Simulation D. W. Peaceman, 1977
  fundamentals of numerical reservoir simulation: Fundamentals of Numerical Reservoir
Simulation Donald W. Peaceman, 1977
  fundamentals of numerical reservoir simulation: The Mathematics of Reservoir Simulation
Richard E. Ewing, 2014-12-01 This book describes the state of the art of the mathematical theory
and numerical analysis of imaging. Some of the applications covered in the book include
computerized tomography, magnetic resonance imaging, emission tomography, electron microscopy,
ultrasound transmission tomography, industrial tomography, seismic tomography, impedance
tomography, and NIR imaging.
  fundamentals of numerical reservoir simulation: An Introduction to Reservoir
Simulation Using MATLAB/GNU Octave Knut-Andreas Lie, 2019-08-08 Presents numerical
methods for reservoir simulation, with efficient implementation and examples using widely-used
online open-source code, for researchers, professionals and advanced students. This title is also
available as Open Access on Cambridge Core.
  fundamentals of numerical reservoir simulation: Computational Methods for Multiphase
Flows in Porous Media Zhangxin Chen, Guanren Huan, Yuanle Ma, 2006-01-01 Computational
Methods for Multiphase Flows in Porous Media offers a fundamental and practical introduction to
the use of computational methods, particularly finite element methods, in the simulation of fluid
flows in porous media. It is the first book to cover a wide variety of flows, including single-phase,
two-phase, black oil, volatile, compositional, nonisothermal, and chemical compositional flows in
both ordinary porous and fractured porous media. In addition, a range of computational methods are
used, and benchmark problems of nine comparative solution projects organized by the Society of
Petroleum Engineers are presented for the first time in book form. The book reviews multiphase flow
equations and computational methods to introduce basic terminologies and notation. A thorough
discussion of practical aspects of the subjects is presented in a consistent manner, and the level of
treatment is rigorous without being unnecessarily abstract. Audience: this book can be used as a
textbook for graduate or advanced undergraduate students in geology, petroleum engineering, and
applied mathematics; as a reference book for professionals in these fields, as well as scientists
working in the area of petroleum reservoir simulation; as a handbook for employees in the oil
industry who need a basic understanding of modeling and computational method concepts; and by
researchers in hydrology, environmental remediation, and some areas of biological tissue modeling.
Calculus, physics, and some acquaintance with partial differential equations and simple matrix
algebra are necessary prerequisites.
  fundamentals of numerical reservoir simulation: Asphaltenes and Asphalts, 2 T.F. Yen,
G.V. Chilingarian, 2000-08-16 This is the second volume in the series of Asphaltenes and Asphalts.
Since the publication of the first volume in 1994, there has been a significant advancement in our
knowledge. Knowledge of both asphaltenes and asphalts is needed by several disciplines, and often
the progress is dictated by interdisciplinary sciences and technology. This includes material
sciences, fuel sciences, chemical engineering, civil engineering, environmental engineering, polymer
sciences, transportation engineering, petroleum engineering, chemistry, geological sciences,
physics, geochemistry rheology, biological sciences, tribology, soil sciences, petroleum science. The
development in this field is not based on our knowledge of chemistry or petroleum engineering



alone, as many chemists and petroleum engineers believe. In this volume, therefore, significant
contributions from different disciplines have been included.
  fundamentals of numerical reservoir simulation: Trends in Differential Equations and
Applications Francisco Ortegón Gallego, María Victoria Redondo Neble, José Rafael Rodríguez
Galván, 2016-06-09 This work collects the most important results presented at the Congress on
Differential Equations and Applications/Congress on Applied Mathematics (CEDYA/CMA) in Cádiz
(Spain) in 2015. It supports further research in differential equations, numerical analysis,
mechanics, control and optimization. In particular, it helps readers gain an overview of specific
problems of interest in the current mathematical research related to different branches of applied
mathematics. This includes the analysis of nonlinear partial differential equations, exact solutions
techniques for ordinary differential equations, numerical analysis and numerical simulation of some
models arising in experimental sciences and engineering, control and optimization, and also
trending topics on numerical linear Algebra, dynamical systems, and applied mathematics for
Industry. This volume is mainly addressed to any researcher interested in the applications of
mathematics, especially in any subject mentioned above. It may be also useful to PhD students in
applied mathematics, engineering or experimental sciences.
  fundamentals of numerical reservoir simulation: Finite Element Methods and Their
Applications Zhangxin Chen, 2005-06-23 Introduce every concept in the simplest setting and to
maintain a level of treatment that is as rigorous as possible without being unnecessarily abstract.
Contains unique recent developments of various finite elements such as nonconforming, mixed,
discontinuous, characteristic, and adaptive finite elements, along with their applications. Describes
unique recent applications of finite element methods to important fields such as multiphase flows in
porous media and semiconductor modelling. Treats the three major types of partial differential
equations, i.e., elliptic, parabolic, and hyperbolic equations.
  fundamentals of numerical reservoir simulation: Proceedings of the Fifth SIAM
Conference on Parallel Processing for Scientific Computing J. J. Dongarra, 1992-01-01 This
text gives the proceedings for the fifth conference on parallel processing for scientific computing.
  fundamentals of numerical reservoir simulation: Advances in Transport Phenomena in
Porous Media Jacob Bear, M.Y. Corapcioglu, 2012-12-06 This volume contains the lectures
presented at the NATO ADVANCED STUDY INSTITUTE that took place at Newark, Delaware, U. S.
A. , July 14-23, 1985. The objective of this meeting was to present and discuss selected topics
associated with transport phenomena in porous media. By their very nature, porous media and
phenomena of transport of extensive quantities that take place in them, are very complex. The solid
matrix may be rigid, or deformable (elastically, or following some other constitutive relation), the
void space may be occupied by one or more fluid phases. Each fluid phase may be composed of more
than one component, with the various components capable of interacting among themselves and/or
with the solid matrix. The transport process may be isothermal or non-isothermal, with or without
phase changes. Porous medium domains in which extensive quantities, such as mass of a fluid phase,
component of a fluid phase, or heat of the porous medium as a whole, are being transported occur in
the practice in a variety of disciplines.
  fundamentals of numerical reservoir simulation: Microbial Enhanced Oil Recovery E.C.
Donaldson, G.V. Chilingarian, T.F. Yen, 1989-02-01 The use of microorganisms and their metabolic
products to stimulate oil production is currently receiving renewed interest worldwide. This
technique involves the injection of selected microorganisms into the reservoir and the subsequent
stimulation and transportation of their in situ growth products, in order that their presence will aid
in further reduction of residual oil left in the reservoir after secondary recovery is exhausted.
Although unlikely to replace conventional microbial enhanced oil recovery, this unique process
seems superior in many respects. Self-duplicating units, namely the bacteria cells, are injected into
the reservoir and by their in situ multiplication they magnify beneficial effects.This new approach to
enhancement of oil recovery was initiated in 1980 and the first results were published in the
proceedings of two international conferences. This book evolved from these conferences, and was



designed to encompass all current aspects of microbial enhanced oil recovery: the development of
specific cultures, increase of the population for field application, various methods for field
applications and the results, and the environmental concerns associated with this newly developed
technology. It provides a comprehensive treatise of the subject, and is arranged to show the
laboratory development of microbes suited to microbial enhanced oil recovery and the perpetuation
of the special cultures in a petroleum reservoir. Thus, this book has specific usefulness in the
laboratory, the oilfield and the classroom. Although not written as a text book, it can be used as a
reference volume for graduate studies in enhanced oil recovery.
  fundamentals of numerical reservoir simulation: Application of Optimal Control Theory
to Enhanced Oil Recovery W. Fred Ramirez, 1987-01-01 In recent years, enhanced oil recovery
techniques have received much attention in the oil industry. Enhanced oil recovery methods can be
divided into three major categories: thermal processes which include steam flooding, steam
stimulation, and in-situ combustion; chemical processes which include surfactant-polymer injection,
polymer flooding, and caustic flooding; and miscible displacement processes which include miscible
hydrocarbon displacement, carbon dioxide injection of large amounts of rather expensive fluids into
oil bearing reservoir formations. Commercial application of any enhanced oil recovery process relies
upon economic projections that show a decent return on the investment. Because of high chemical
costs, it is important to optimize enhanced oil recovery processes to provide the greatest recovery at
the lowest chemical injection cost.The aim of this book is to develop an optimal control theory for the
determination of operating strategies that maximize the economic attractiveness of enhanced oil
recovery processes. The determination of optimal control histories or operating strategies is one of
the key elements in the successful usage of new enhanced oil recovery techniques. The information
contained in the book will therefore be both interesting and useful to all those working in petroleum
engineering, petroleum management and chemical engineering.
  fundamentals of numerical reservoir simulation: Surface Operations in Petroleum
Production, I G.V. Chilingarian, J.O. Robertson, S. Kumar, 1987-07-01 This is the first part of a
two-volume work which comes at a time when oil producers are taking a close look at the economy
of oilfield operation and redesign of production technology to improve ultimate recovery. The very
high cost, and risk, of the search for new oilfields demands the re-evaluation of production
technology and reservoir engineering to improve the production characteristics of existing
oilfields.It is the aim of this work that it will be instrumental in the improvement of the global
enhancement of oil production and ultimate recovery. It is the outcome of extensive collaboration
between experts in petroleum who have devoted their time to the lucid expression of the knowledge
that they have acquired through experience in the evaluation and solution of field problems, and
development of economic field processes. Oil production companies have been generous in their
cooperation through assistance and encouragement to the authors and permission to publish data,
designs and photographs.Together, the two books provide a detailed and comprehensive coverage of
the subject. The physical and chemical properties of the fluids encountered by engineers in the field
are clearly described. The properties, methods of separation, measurement, and transportation of
these fluids (gases, condensate liquids derived from natural gas, crude oils and oilfield waters) are
dealt with. Following a presentation of the fluids and their process technology, a series of chapters
give a thorough discussion of every type of surface equipment that is encountered in the myriad
aspects of oilfield operations, ranging from waterflooding to new enhanced oil recovery techniques.
Included are all methods for pumping, water control, production logging and corrosion control. The
coverage also extends to: well completion and work-over operations, methods for design and
operation of underground gas storage, and a review of offshore technology.Surface Operations in
Petroleum Production is therefore a comprehensive reference which will be invaluable for field
production managers and engineers; as well as being an ideal text on production technology to
complement the study of reservoir engineering.
  fundamentals of numerical reservoir simulation: Enhanced Oil Recovery, II E.C.
Donaldson, G.V. Chilingarian, T.F. Yen, 1989-07-01 Written by foremost experts in the field, and



formulated with attention to classroom use for advanced studies in reservoir characterization and
processes, this book reviews and summarises state-of-the-art progress in the field of enhanced oil
recovery (EOR). All of the available techniques: alkaline flooding; surfactant flooding; carbon dioxide
flooding; steam flooding; in-situ combustion; gas injection; miscible flooding; microbial recovery; and
polymer flooding are discussed and compared. Together with Volume I, it presents a complete text
on enhanced recovery technology and, hence, is an almost indispensible reference text.This second
volume compliments the first by presenting as complete an analysis as possible of current oilfield
theory and technology, for accomplishment of maximum production of oil. Many different processes
have been developed and field tested for enhancement of oil recovery. The emerging philosophy is
that no single process is applicable to all petroleum reservoirs. Each must be treated as unique, and
carefully evaluated for characteristics that are amenable to one or two of the proven technologies of
EOR. This book will aid the engineer in field evaluation and selection of the best EOR technology for
a given oilfield. Even the emerging technology of microbial applications to enhance oil recovery are
reviewed and explained in terms that are easily understood by field engineers.The book is presented
in a manner suitable for graduate studies. The only addition required of teachers is to supply
example problems for class work. An appendix includes a reservoir mathematic model and program
for general application that can also be used for teaching.
  fundamentals of numerical reservoir simulation: Target Reservoirs for CO2 Miscible
Flooding John H. Goodrich, 1980
  fundamentals of numerical reservoir simulation: Inverse Stochastic Model... Mickaële Le
Ravalec, In order to understand fluid flows in underground porous formations, engineers need to
produce models, in the form of grid systems populated with physical properties such as permeability
and porosity. This procedure is of crucial importance but it is also problematic. It is crucially
important in determining where and how fluids flow; reservoir or aquifer modeling is used to plan
field development, optimize oil production with the judicious selection of well locations, assess
contaminant migration, design capture zones, and so on. It is problematic, because there is never
enough data available to describe with certainty the spatial distribution of permeability and porosity
on a given scale. Given the complex heterogeneity of natural porous media, the fundamental
question is: how can this reality be incorporated in models? This textbook refers to geostatistics and
optimization to review the whole workflow for modern reservoir characterization and to provide an
original solution. A CD-ROM with a software called GO is supplied with this book. It provides tools to
answer the illustrative exercises proposed and to help the reader to develop intuitive understanding.
This book is written at a comprehensible level for students who have had calculus, linear algebra
and some exposure to differential equations. It should also serve already-practicing engineers in oil
reservoirs, environment and hydrology.
  fundamentals of numerical reservoir simulation: Scientific Computing and Applications
Peter Minev, Yanping Lin, 2001 Scientific Computing & Applications
  fundamentals of numerical reservoir simulation: Petroleum and Marine Technology
Information Guide J. Hutcheon, A. Myers, S. Oue, B. Rodden, J. Whittick, 2003-09-02 First
published in 1981 as the Offshore Information Guide this guide to information sources has been
hailed internationally as an indispensable handbook for the oil, gas and marine industries.
  fundamentals of numerical reservoir simulation: Nonlinear Hyperbolic Equations — Theory,
Computation Methods, and Applications Josef Ballmann, Rolf Jeltsch, 2013-03-08 On the occasion of
the International Conference on Nonlinear Hyperbolic Problems held in St. Etienne, France, 1986 it
was decided to start a two years cycle of conferences on this very rapidly expanding branch of
mathematics and it·s applications in Continuum Mechanics and Aerodynamics. The second
conference toolc place in Aachen, FRG, March 14-18, 1988. The number of more than 200
participants from more than 20 countries all over the world and about 100 invited and contributed
papers, well balanced between theory, numerical analysis and applications, do not leave any doubt
that it was the right decision to start this cycle of conferences, of which the third will be organized in
Sweden in 1990. ThiS volume contains sixty eight original papers presented at the conference,



twenty two cif them dealing with the mathematical theory, e.g. existence, uniqueness, stability,
behaviour of solutions, physical modelling by evolution equations. Twenty two articles in numerical
analysis are concerned with stability and convergence to the physically relevant solutions such as
schemes especially deviced for treating shoclcs, contact discontinuities and artificial boundaries.
Twenty four papers contain multidimensional computational applications to nonlinear waves in
solids, flow through porous media and compressible fluid flow including shoclcs, real gas effects,
multiphase phenomena, chemical reactions etc. The editors and organizers of the Second
International Conference on Hyperbolic Problems would lilce to thanlc the Scientific Committee for
the generous support of recommending invited lectures and selecting the contributed papers of the
conference.
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