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Reservoir Engineering Overview: (General)
●Location of World Oil Resources
●Reservoir Structure/Depositional Sequences
●Petrophysics: Porosity, Permeability, and Correlations
●Rock Properties: Homogeneity/Heterogeneity
●Phase Behavior of Reservoir Fluids
●Formation Evaluation
●Pressure Transient Analysis
●Reservoir Modeling

History of Reservoir Engineering:
●History of Reservoir Engineering 
●Tasks of the Reservoir Engineer
●Data Sources
●Fundamental Drive Mechanisms
●Trapping Mechanisms

Orientation: Reservoir Engineering
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Discussion:
●The known deposits of oil and gas in 1920.
●Offshore deposits would not have been discovered.
●Most deposits were discovered by seeps.

Map showing distribution and relative size of world's oil resources, prepared under direction of U.S. Geological 
Survey in 1920. The general validity of this prophecy has been amply demonstrated in the past eight years-growth 

in the importance of the West Texas region balancing the shrinkage in the estimates of Mexican oil reserves.

Overview: World Oil Resources (Circa 1920)
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Discussion:
●Note predictions in red text (all are wrong).
●Production analysis came about due to taxation.
●Early correlation of ultimate recovery given as "appraisal."

AUSTRALIA AND NEW ZEALAND
A moderate production of oil may ultimately be
attained in New Zealand, but there is apparently only a
remote chance that oil fields of more than local
importance will be found in either Australia or New
Zealand. Some 60,000 barrels of oil have been
produced in New Zealand, and seepages have been
noted in as yet untested localities. Small quantities of
oil and gas found at various localities in southeastern
Australia appear to indicate that with further drilling
and with more detailed structural mapping in
Australian areas oil fields will be found. No major
production is, however, probable.

AFRICA
Africa is quite certainly devoid of major oil deposits,
the surface of much of the continent being covered by
rocks definitely barren of oil. Such oil production as is
now obtained in Africa (1,100,000 barrels annually)
comes almost entirely from the Egyptian fields on the
Red Sea coast opposite the Sinai Peninsula, a tiny
amount also being produced in Algeria. Some oil
manifestations occur in British and Italian Somali-
land, south of the Gulf of Aden; in Madagascar;
doubtfully in Portuguese East Africa; in Natal; in
Angola; and at various localities around the shore of
the Gulf of Guinea; but it appears unlikely that
extensive or other than locally important development
is probable in any of these regions. Fr
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Appraisal curve for an Oklahoma oil field.

Production decline curve, showing the
extended curve of probable future production.

Overview: World Oil Resources (Circa 1920)
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Diagram of major depositional environments for sandstones.
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Discussion:
●Schematic for sandstone (clastic) reservoirs.
●Transport mechanism is water.
●Extremely large deposits of basin sandstones can exist.
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Overview: Reservoir Structure/Depositional Environments
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Common sequences of sedimentary structures, texture,
and composition observed in reservoir sandstones of

different origins. Diagrams have no vertical scale because
thickness is not a criterion.Fr
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Discussion:
●Diagrams of sedimentary structures. (on left)
● Important to observe/describe core (rock) samples.
●Well log responses indicate similar profiles. (on right)

Typical response of spontaneous potential (SP) and gamma-ray (GR)
log in sandstone sequences. Log patterns are similar to textural

changes.  Dotted patterns indicate dominant sandstone as interpreted
from the logs. Resistivity (R) or porosity logs are also shown.
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Overview: Common Depositional Structures
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Diagrams of systematic packings of uniform spheres as described
by Graton and Fraser (1935). Porosity (n) is given for the principal packings.
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Discussion:
●Idealized configurations help to establish limits.
●Orthorhombic (cubic) is highest (39.5 percent).
●Rhombohedral is lowest (26 percent).

Diagrams of unit cells and unit
voids for cubic and rhombohedral

packings of uniform spheres.
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Overview: Concept of Porosity (packings of spheres)
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Discussion:
●Porosity has many control factors.
●Most controls on porosity are from primary deposition.
●Secondary (digenetic) processes can also dominate.

Data of Beard and Weyl: (unconsolidated sands) (porosity is given in fraction)
Size_______________________

Coarse Medium Fine Very Fine__  
Sorting Upper Lower Upper Lower Upper Lower Upper Lower
Extremely well sorted 0.431 0.428 0.417 0.413 0.413 0.435 0.423 0.430
Very well sorted 0.408 0.415 0.402 0.402 0.398 0.408 0.412 0.418
Well sorted 0.380 0.384 0.381 0.388 0.391 0.397 0.402 0.398
Moderately sorted 0.324 0.333 0.342 0.349 0.339 0.343 0.356 0.331
Poorly sorted 0.271 0.298 0.315 0.313 0.304 0.310 0.305 0.342
Very poorly sorted 0.286 0.252 0.258 0.234 0.285 0.290 0.301 0.326

Porosity = f(Grain size,
Sorting,
Texture,
Angularity,
Composition (lithology),
digenetic processes, and
in-situ stress)

For packings of uniform spheres:
— Cubic (orthorhombic) = 40% (or 0.40)
— Rhombohedral = 26% (or 0.26)
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Overview: Concept of Porosity (unconsolidated sands)
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Discussion:
●Darcy's experimental apparatus.
●Darcy's flow relation.
● Image of Henry Darcy.

Governing Relation:

q = Flowrate
A = Flow Area
∆h = Head 
Change
L = Distance

L
hkAq 



Image of Henry Darcy.Diagram of Darcy's experiment.
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Overview: Concept of Permeability (Darcy's Experiment)
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Discussion:
●(Important) The "Darcy" is a defined unit.
●Image shows square cross-section (can be generalized).
●The dimension of permeability is L2 (i.e., area).

The unit of permeability — a Darcy.
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Overview: Concept of Permeability — Definition of a "Darcy"
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Discussion: Archie Petrophysics Proposals
●"Petrophysics map" was put forth in 1950 (left).
●Proposed the log(permeability) vs. porosity plot (right).
●These were the earliest "petrophysics" tools.
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Overview: Petrophysics Map — Archie (1950)
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Discussion:
● log(permeability) vs. irreducible water saturation (left).
●Univariate correlations may not be sufficient.
●Multivariate correlations relied on simple relations (right).
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Overview: Petrophysics — Early Correlation Concepts
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Physical properties of hydrocarbons and associated compounds.

Correlation: Pseudoreduced 
Temperature and Pressure 
for Natural Gases.

Correlation: z-factor 
for Natural Gases.

Correlation: Viscosity 
of Natural Gases.
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Overview: Phase Behavior (Example Gas Data/Correlations)
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Phase relationships and compressibility of a single component — propane.
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Overview: Phase Behavior (Vapor-Liquid Equilibria)
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First well log — run by 
Schlumberger brothers (1927).

● Resistivity Logs:
— Measures resistance of flow of electric current.
— Response is a function of porosity & pore fluid in rock.
— Frequently used to identify lithology.

● Spontaneous Potential (SP) Logs:
— Measures electrical current in well.
— Due to salinity contrast (formation water/borehole mud).
— Indicates bed boundaries of sands & shales.

●Gamma Ray Logs:
— Records radioactivity of a formation.
— Shales have high levels of radioactive minerals.
— Gamma ray logs infer grain size/sedimentary structure.

● Neutron Logs:
— Counts quantity of hydrogen present.
— Used to estimate porosity.
— Lithology indicator when used with the density log.

● Density Logs:
— Measures bulk density of the formation.
— Used to estimate porosity.
— Used with sonic log to yield synthetic seismic traces.

● Sonic (acoustic) Logs:
— Measures of speed of sound in formation.
— Used to estimate porosity.
— Used with density log to yield synthetic seismic traces.

Slide — 15

Overview: Formation Evaluation (Types and Uses of Well Logs)
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Discussion:
●Archie's First Law [Formation Factor = f(Porosity)].
●The "cementation factor" (m) is the correlating parameter.
●Typical range:  1.7 < m < 2.4.
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Overview: Formation Evaluation — Formation Factor ()
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Discussion:
●Archie's Second Law [Resistivity Index = f(Saturation)].
●The "saturation exponent" (n) is the correlating parameter.
●Typical range:  1.6 < m < 2.2.
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Overview: Formation Evaluation — Formation Factor (Sw)
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What is Pressure Transient Analysis? (or "Well Test Analysis")
● The goal of well testing is to collect information about flow conditions in the

well, around the immediate vicinity of the well, as well as in the virgin portions
of the reservoir not influenced by the drilling operations and simulation
treatments, and to obtain informa-tion about the boundaries of the reservoir.
The well flowrate is varied and the resulting pressure transients are
measured. The measurement of variation of pressure with time provides a
pressure transient data which then can be analyzed to determine the forma-
tion parameters that characterize the flow conditions that exist in the system.

●Well test analysis can be considered as a systems analysis technique:

● The system "S" represents the wellbore and the formation that it is in
communication with. The input "I" represents the constant withdrawal of the
reservoir fluid and it can be considered as a forcing function applied to the
system "S". The response of the system, "O" which represents the change in
reservoir pressure is measured during the test.

Slide — 18

Overview: Introduction — Pressure Transient Analysis (PTA)
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Type Curve Analysis — SPE 12777 (Buildup Case)
(Well in an Infinite-Acting Homogeneous Reservoir)

Legend: Radial Flow Type Curve
   pD       Solution
   pDd     Solution
   pDd  Solution

Legend: 
pD     Data
pDd   Data
pDd Data

Reservoir and Fluid Properties:
rw = 0.29 ft, h = 107 ft, 

ct = 4.2×10-6 psi-1, = 0.25 (fraction)
o = 2.5 cp, Bo= 1.06 RB/STB

Production Parameters:
qref = 174 STB/D

Match Results and Parameter Estimates:
[pD/p]match = 0.018 psi-1, CDe2s= 1010 (dim-less)

[(tD/CD)/t]match= 15 hours-1, k = 10.95 md
 Cs = 0.0092 bbl/psi, s = 8.13 (dim-less)

pDd = 1

pDd = 1/2
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Type Curve Analysis — SPE 18160 (Buildup Case)
(Well in an Infinite-Acting Dual-Porosity Reservoir (trn)— = 0.237,  = 1×10-3)

Legend: = 0.237,  = 1×10-3

 pD      Solution
 pDd    Solution
 pDd   Solution

Legend:
pD     Data
pDd   Data
pDd Data

Reservoir and Fluid Properties:
rw = 0.29 ft, h = 7 ft, 

ct = 2×10-5 psi-1, = 0.05 (fraction)
o = 0.3 cp, Bo= 1.5 RB/STB

Production Parameters:
qref = 830 Mscf/D

Match Results and Parameter Estimates:
[pD/p]match = 0.09 psi-1, CDe2s= 1 (dim-less)

[(tD/CD)/t]match= 150 hours-1, k = 678 md
 Cs = 0.0311 bbl/psi, s = -1.93 (dim-less)

  = 0.237 (dim-less),   = CD× = 0.001(dim-less)
  = 2.13×10-8(dim-less)

pDd = 1/2

pDd = 1
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Type Curve Analysis — SPE 9975 Well 5 (Buildup Case)
(Well with Infinite Conductivity Hydraulic Fractured )

Legend: Infinite Conductivity Fracture
   pD       Solution
   pDd     Solution
   pDd   Solution

Legend: 
pD     Data
pDd   Data
pDd Data

Reservoir and Fluid Properties:
rw = 0.33 ft, h = 30 ft, 

ct = 6.37×10-5 psi-1, = 0.05 (fraction)
gi = 0.0297 cp, Bgi= 0.5755 RB/Mscf

Production Parameters:
qref = 1500 Mscf/D

Match Results and Parameter Estimates:
[pD/p]match = 0.000021 psi-1, CDf= 0.01 (dim-less)

[(tDxf/CDf)/t]match= 0.15 hours-1, k = 0.0253 md
 CfD =  1000 (dim-less), xf =  279.96 ft

pDd = 1/2

pDd = 1/2
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Type Curve Analysis — SPE 9975 Well 12 (Buildup Case)
(Well with Infinite Conductivity Hydraulic Fracture )

Legend:
pD     Data
pDd   Data
pDd Data

Legend: Infinite Conductivity Fracture
   pD       Solution
   pDd     Solution
   pDd   Solution

Reservoir and Fluid Properties:
rw = 0.33 ft, h = 45 ft, 

ct = 4.64×10-4 psi-1, = 0.057 (fraction)
gi = 0.0174 cp, Bgi= 1.2601 RB/Mscf

Production Parameters:
qref = 325 Mscf/D

Match Results and Parameter Estimates:
[pD/p]match = 0.0034 psi-1, CDf= 0.1 (dim-less)

[(tDxf/CDf)/t]match= 37 hours-1, k = 0.076 md
 CfD =  1000 (dim-less), xf =  3.681 ft

pDd = 1 pDd = 1/2

c. Case 3 — Fractured gas well, low fracture conductivity. d. Case 4 — Fractured gas well, high fracture conductivity.

b. Case 2 — Unfractured well, dual porosity reservoir.a. Case 1 — Unfractured well, homogeneous reservoir.
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Overview: PTA — Example Pressure Transient Tests
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Basic Simulation Approaches:
●Analytical approach — providing an exact solution to an approximate problem.

This approach is utilized in classical well test analysis.
●Numerical approach — providing the approximate solution to an exact problem.

This approach attempts to solve the more realistic problem with very limited
assumptions.

Reservoir Characterization:
●A reservoir simulator can be used to characterize the reservoir under study using

a process called history-matching in which the reservoir parameters are adjusted
or tuned to match the past performance of the reservoir.

Forecasting:
●After the simulation model has been adjusted and validated through the history

matching process, the model can then be used to forecast future reservoir
performance.

● The history-matched model allows an engineer to investigate reservoir
performance under various production and operation strategies in order to
develop a well-designed strategy for field development and field operation
practices.

Feasibility Analysis:
●Results from the simulation study can then be used to perform cost and revenue

calculations in order to select a feasible production and operation strategy for
the field.

What Questions can a Reservoir Model Answer?

Slide — 20

Overview: Reservoir Modeling — Introduction
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Establishing the Objectives of the Study:
● The basic information required to establish a reservoir study includes:
— Amount and quality of data available (i.e., seismic, logs, well tests, etc.).
— Recovery stage of the reservoir.
— Additional data that would be needed in order to perform the study.
— The time to perform the project.

Checking the Inventory of Data:
● The information required to perform a field study comes from different sources

(different in levels and disciplines), it is important to perform an exhaustive
organization of the data.

Data Analysis:
● In order to define whether a data set is appropriate for inclusion in a reservoir

model, the engi-neer must be aware of not only the way the data was measured,
but also the physics and the conditions of the measurement itself.

Resolution of Data Conflicts:
●When there are two or more sets of data representing the same property, the

simulation engineer must define which measurement represents the actual
mechanism in the reservoir more closely. To achieve this resolution, these data
are input into the model and, by means of history matching and sound
engineering judgment, a "most likely" case is established.

Availability of The Computational Resources:
●When defining the objectives of a reservoir study, one must be aware that the

degree of complexity of the description for a given problem must match the
available computing power.

Slide — 21

Overview: Reservoir Modeling — Preliminary Work
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Parameters to be Specified and Parameters to be Matched:
● In general, the data to be specified are the flowrates of the reservoir fluids (e.g.,

oil flowrate for oil reservoirs and gas flowrate for gas reservoirs).
● The parameters to be matched during the history-match process depend on the

availability of the historical production data. However, there are two broad
categories — the pressure history and the fluid performance data (e.g.,
flowrates, water/oil ratio (WOR), gas/oil ratio (GOR), and water/gas ratio (WGR)).

Additional Tools:
●Material balance studies and aquifer influx studies.
●Pressure transient analysis, which provides permeability and (kh).
●Single-well models, which can be used to study coning (and other phenomena).

Quality of a History Match:
● The important issue is that the history-match must be consistent with the

objectives of the study. The purpose of the adjusted model obtained from a
history match will dictate whether the match is good enough and can be used
to perform the desired task with a good level of confidence.

Rules of Thumb for History Matching Studies:
●Adjustment parameters should be the data which are least accurately known.
●Adjustments within acceptable ranges defined by the engineers and geologists.
●Permeability is the most common parameter used in history-matching.

Slide — 22
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Overview: Reservoir Modeling — History Matching
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Process Selection:
● The feasibility of different production processes can be investigated through

simulation by making a forecast of future reservoir performance under different
production schemes.

Operational Parameters:
● The purpose of specifying operational parameters is to predict the important

events which may be associated with a given production scheme.
●Such parameters include: flowrate, well spacing, operating conditions, etc.

Process Optimization:
● The focal point of any study is "how fast" and "how much" can we recover?
● The optimal flowrate and ultimate recovery are to be investigated/established.

Validating and Analyzing Results of the Forecasting Study:
● The validation process is required to ensure that the results are realistic.
●Results should be compared to results obtained/estimated by other means.
●A good check is to compare the predicted results to the performance of analog

fields which have comparable rock and fluid properties, similar well patterns
and spacing, and similar field operations.

Rules of Thumb for Forecasting Studies:
●A base case is required for the comparisons of impact of various development

plans and production strategies.
●Once the base case is established, any variety of sensitivity cases can be

designed/performed.
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There are Five Basic Steps in the Process of a Simulation Study:
●Setting concrete objectives for the study.
●Selecting the proper simulation approach.
●Preparing the input data.
●Planning the computer simulations.
●Analyzing the results.

Factors that help Us to Define Appropriate Objectives:
●Available data.
●The required level of detail.
●Available technical support.
●Available resources.

Two Types of Objectives:
●Fact-finding.
●Optimization strategy.

Choosing the Simulation Approach:
●Reservoir complexity.
●Fluid type.
●Scope of the study.
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The Porous Medium as a Continuum:

The Fundamental Equations:
1.The Continuity Equation describes mass accumulation/transfer in the system.
2.The Equation of State describes density as a function of pressure and temperature.
3.The Energy Equation describes energy accumulation/transfer in the system.
4.The Momentum Equation describes momentum accumulation/transfer in the system.
5.The Constitutive Equation describes deformation of the fluid as a result of motion.

The microscopic scrutiny of a 
porous medium reveals that its 
local properties may vary 
widely depending on the vol-
ume over which the scrutiny is 
performed. Instead of a 
microscopic description, the 
usual way of approaching a 
description of a porous media 
and the fluids within it is to 
use the continuum approach. 
Fluid properties and porous 
medium properties are treated 
as varying "continually" in 
space.
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Porosity:
●Core: Core Scale (High Confidence)
●Open-Hole Logs: Reservoir Scale (High Confidence)

Permeability:
●Core: Core Scale (High Confidence)
●Open-Hole Logs: Reservoir Scale (Low Confidence) 
●Pressure Transient Analysis: Reservoir Scale (High Confidence)

Reservoir Pressure:
● Formation Wireline Tester: Reservoir Scale (High Confidence)
●Pressure Transient Analysis: Reservoir Scale (Medium Confidence)

Initial Saturations:
●Core: Core Scale (Medium Confidence)
●Open-Hole Logs: Reservoir Scale (High Confidence)
●Cased-Hole Logs: Reservoir Scale (Medium Confidence)

End-Point Saturations:
●Core: Core Scale (High/Medium Confidence)
●Open-Hole Logs: Swir — Reservoir Scale (High Confidence)
●Open-Hole Logs: Sor — Reservoir Scale (Medium/Low Confidence)
●Cased-Log Logs: Sor — Reservoir Scale (High/Medium Confidence)
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Always give more Weight to Data which:
●Contain a High Degree of Confidence:
—Pressure Transient Permeability versus Well Log Derived Permeability
—Unsteady-State versus Steady-State Relative Permeability
—Bottom-Hole PVT Samples versus Recombined Separator Samples

●Are Measured at the Appropriate Scale for the Reservoir Model:
—Well Log versus Core Data
—Pressure Transient Data versus Core Data

●Are Representative of the Processes Occurring in the Reservoir:
—Differential (Variable Composition) PVT Data
—Flash (Constant Composition) PVT Data
— Imbibition (Increasing Wetting Phase Saturation) pc and kr.
—Drainage (Decreasing Wetting Phase Saturation) pc and kr.

Best Advice:
●Use preliminary versions of the simulation model can be used to screen 

conflicting data to determine further course(s) of action.
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Topics:
●History of Reservoir Engineering 
●Tasks of the Reservoir Engineer
●Data Sources
●Fundamental Drive Mechanisms
●Trapping Mechanisms
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History of Reservoir Engineering: Orientation
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History: History of Reservoir Engineering — Timelines 

History of Reservoir Engineering: (Towler Ch. 1)
●1930's:

— Fancher (Petrophysics)
— Muskat (Fluid Flow Solutions)
— Schilthuis (Material Balance)

●1940's:
— Buckley-Leverett (Fractional Flow)
— Tarner (Solution-Gas-Drive)
— Purcell-Burdine (pc-k-kr)

●1950's:
— Early reservoir simulation
— Deliverability testing
— Advances in phase behavior
— Formation evaluation (well logs)

●1960's:
— Reservoir simulation
— Pressure transient testing
— Fractured reservoirs

●1970's:
— Fetkovich (Decline Type Curve Analysis)
— Advanced pressure transient testing

●1980's:
— Fractured wells (1970s/1980s)
— Geostatistics
— Production-driven economics

●1990's:
— Very intensive reservoir simulation
— Integrated reservoir management
— Blasingame (Production Analysis)
— Heterogeneity (k-distributions)

●2000's:
— Software-driven reservoir engineering
— Distributed temperature and pressure
— Deconvolution of well test data

●2010's:
— Very large-scale reservoir simulation
— Nanoscale petrophysics
— Nanoscale phase behavior
— Nanoscale fluid flow
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Tasks of the Reservoir Engineer:
●How much oil and gas is originally in place?
●What are the drive mechanisms for the reservoir?
●What are the trapping mechanisms for the reservoir?
●What is the recovery factor by primary depletion?
●What will future production rates from the reservoir be?
●How can the recovery be increased economically?
●What data are needed to answer these questions?

Example Activities:
●Estimation of reservoir volume by material-balance.
●Evaluation of reservoir drive indices.
●Fluid displacement theory for recovery.
●Decline-curve models — future production/ultimate recoveries.
● Improved/enhanced reservoir recovery (IOR/EOR)
●Economic evaluation for primary recovery/IOR/EOR?
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History: Tasks of the Reservoir Engineer
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Data Sources:
●Reservoir Properties:
—Reservoir porosity
—Reservoir thickness
—Reservoir permeability
—Fluid saturations

●Phase Behavior:
—Formation volume factors
—Gas-to-oil ratios
—Fluid viscosities

●Saturation-Dependent Data:
—Capillary pressures
—Relative permeability

●Production Data:
—Production rates
—Surface and bottomhole pressure data
—Gas and oil gravities measured as a function of time.
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History: Data Sources/Reservoir Engineering Workflows 
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Fundamental Drive Mechanisms:
● Solution-Gas Drive:
— Oil expansion for p > pb.
— Oil and gas expansion for p < pb.

● Gas-Cap Drive:
— p = pb at the gas-oil-contact (GOC)
— Gas cap expansion drives oil.

●Waterdrive:
— Aquifer under or aside oil column.
— Aquifer movement drives oil.

● Gravity Drive:
— Gravity drives segregation of phases.
— Efficient/effective, but very slow.

● Compaction Drive:
— Weak/deformable rock drives fluid.
— "Abnormally pressured gas" reservoirs.

● Imbibition Drive:
— Capillary imbibition.
— Often requires a cyclic process.

From:Dake, L. P.: The Practice of Reservoir 
Engineering, Elsevier (1994).

(conceptual) Geological model including 
faults/fluid contacts.
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History: Fundamental Drive Mechanisms
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Structural Trap                                                   Stratigraphic Trap

Fault Trap                                                            Hydrodynamic Trap
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Structural Trap

Fault Trap

Stratigraphic Trap
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Extracted text from Muskat:
● The question naturally arises 

regarding the ultimate loss of oil 
and gas from the original reservoir.  
In some cases involving fault 
zones, such losses are evident. 

● Assuming, therefore, that as long 
as abnormal pressures exist the 
gas accumulations are slowly 
expelled through the overburden, 
such leakage must stop when the 
reservoir pressure is in equilibrium 
with that in its surroundings. 

● Obviously, variations from this 
condition will exist if over a 
consider-able area the overlying 
cover is truly impermeable.  
Likewise, if rapid subsidence or 
uplift is in progress and the 
pressure adjustments are 
insufficiently rapid to keep pace, 
abnormally high or low pressures 
will prevail.
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History: Trapping Mechanisms (Comments from Muskat)
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T.A. Blasingame, Texas A&M U.
Department of Petroleum Engineering

Texas A&M University
College Station, TX 77843-3116

+1.979.845.2292 — t-blasingame@tamu.edu

Introduction to Reservoir Engineering
(End of Lecture)

Formation Evaluation and the Analysis of Reservoir Performance
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