1.1.2 Crude Oil Properties

Petroleum (an equivalent term is crude oil) is a complex mixture
consisting predominantly of hydrocarbons and containing sulfur,
nitrogen, oxygen, and helium as minor constituents. The physical and
chemical properties of crude oils vary considerably and depend on the
concentration of the various types of hydrocarbons and minor
constituents present.

An accurate description of physical properties of crude oils is of a
considerable importance in the fields of both applied and theoretical
science and especially in the solution of petroleum reservoir engineering
problems. Physical properties of primary interest in petroleum
engineering studies include:

Crude oil gravity "yo".
Specific gravity of solution gas "yg".
. Crude oil density "po".

. Gas solubility “Rs”.

. Bubble point pressure “pb”.

. Oil formation volume factor “Bo”.

. Isothermal compressibility coefficient of crude oil “co”.
. Total formation volume factor “Bt”.

. Crude oil viscosity.

1 Crude Oil API Gravity "yo".
The specific gravity of a crude oil is defined as the ratio of the density of
the oil to that of water.

Po
Yo = eq.(1.29)
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where:

vo = specific gravity of the oil.
po = density of the crude oil, 1b/ft3.
pw = density of the water, 62.4 1b/ft3.

pw = 8.33 ppg
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2 Specific Gravity of the Solution Gas, "yg"

The specific gravity of the solution gas yg is described by the weighted
average of the specific gravities of the separated gas from each separator.
This weighted average approach is based on the separator gas-oil ratio,
or:

Y. = ;.l=1(Rsep)i.(}’sep)i + Rst Vst
7 ?il=1 (Rsep)i + Rsr

eq.(1.31)

where:

n = number of separators.

Rsep = separator GOR, scf/STB.

ysep = separator gas gravity.

Rst = GOR from the stock-tank, scf/STB.
yst = gas gravity from the stock-tank.

3 Crude Oil Density, "po"
The crude oil density is defined as the mass of a unit volume of the crude
at a specified pressure and temperature. It is usually expressed in pounds
per cubic foot. Several empirical correlations for calculating the density
of liquids of unknown compositional analysis have been proposed.
The following equation used to calculate the density of the oil at pressure
below or equal to the bubble—point pressure. Solving Equation for the oil
density gives:
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Ib/ft3 for light volatile oil to 60 1b/ft3 for heavy crude oil with little 30
or no gas solubility



62.4y, + 0.0136R,Y,
pﬂ' = BO

Where:

vo = specific gravity of the stock—tank oil
Rs = gas solubility, scf/STB
po =oil density, Ib/ft3

Depending on Standing (1981), the density of a crude oil at a specified
pressure and temperature can be calculated from the following
expression:

62.4y, + 0.0136R.y,
Po = 2 =7 — €q.(1.32)

Y, 0.5
0.9759 + 0.000120 [RS (y—f’) +1.25(T — 460)]
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Where:

T = system temperature, °R.

vg = specific gravity of the gas.

Rs = gas solubility, sct/STB.

Bo=oil formation volume factor, bbl/STB

4 Gas Solubility “Rs”
(solution gas oil ratio or dissolved gas —oil ratio)
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Rs= vol. of gas produced at surface con.
vol. of oil entering stock tank at surface con.

Rs=SCF/STB

The gas solubility Rs is defined as the number of standard cubic feet of
gas that will dissolve in one stock-tank barrel of crude oil at certain
pressure and temperature. For a particular gas and crude oil to exist at a
constant temperature, the solubility increases with pressure until the
saturation pressure is reached. At the saturation pressure (bubble-point
pressure) all the available gases are dissolved in the oil and the gas



solubility reaches its maximum value. As the pressure is reduced from the
initial reservoir pressure pi, to the bubble-point pressure pi, no gas
evolves from the oil and consequently the gas solubility remains constant
at its maximum value of Rsb. Below the bubble-point pressure, the
solution gas is liberated and the value of Rs decreases with pressure.

As shown in Figure (1.1)
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Figure (1.1):Gas-Solubility as a function of pressure relationship
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Rp= Cumulative Produced Gas-Qil Ratio (Rp)=GOR

Rso= solution gas-oil ratio (SCF/STB)
Gp=Cumulative oil Production (SCF)
Np=Cumulative Qil Production (STB)

U B daalal) cililall aaf ga Jlad) oY i3 Rp=Rsi is ¢saSall Jaadd a8yl (e
WY G o) craSall 1 W e £ 0 Bale) & Rp J) oiaddd da jiial) J glad) aa)
L) ghalia pad o) Alle Jadi 1) 58 Y anay mal

Figure in below shows the variation of solution gas with pressure for the
Big Sandy reservoir fluid at reservoir temperature 160°F.

Pi= 3500 psia,

solution gas 567 SCF/STB

Pb=2500 psia

At 1200 psia, the solution gas is 337 SCF/STB,



The data of Figure were obtained from a laboratory PVT study of a
bottom-hole sample.
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Standing’s Correlation for Determining “Rs”
p 1.2048
Ry =Y, |(-55 + 14) 107] eq. (1.33
with:
x = 0.01254PI — 0.00091(T — 460) eq.(1.34)
where:

Rs = gas solubility, scf/STB. T = temperature, °R.
p = system pressure, psia.
vg = solution gas specific gravity. API = oil gravity, *APIL.



5 Bubble Point Pressure “pb”

The bubble-point pressure Pb of a hydrocarbon system is defined as the
highest pressure at which a bubble of gas is first liberated from the oil.
the bubble-point pressure is a strong function of gas solubility Rs, gas
gravity yg, oil gravity API, and temperature T, or:

pb=f (R, ,APLT)

6 Oil Formation Volume Factor “Bo”

The o1l formation volume factor, Bo, is defined as the ratio of the volume
of oil (plus the gas in solution) at the prevailing reservoir temperature and
pressure to the volume of oil at standard conditions. Bo is always greater
than or equal to unity.

Bo=f(Rs,yg,yo,T)
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Bo= vol. of oil+vol. of dissolved gas at res. con.
vol. of oil at stock tank at s.c.
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where:

Bo = o1l formation volume factor OFVF, bbl/STB.



(Vo)p, T = volume of oil, in bbl, under reservoir pressure, p, and
tempera-ture, T.

(Vo)sc = volume of oil is measured under SC, STB.

A typical oil formation factor curve as shown in Figure below.
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Figure shows Oil Formation Volume Factor “FVF” as a function of
pressure relationship.

7 Isothermal Compressibility Coefficient of Crude Qil "co"
Isothermal compressibility coefficients are required in solving many
reservoir engineering problems, including transient fluid flow problems,
and they are also required in the determination of the physical properties
of the undersaturated crude oil.
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Po=Por* [1+Co (p-pv)]

]30:]30b>< [ 1+Co (p_pb)]
P~Py
Where:
co = isothermal compressibility, psi—1
po = oil density Ib/ft3
Bo = o1l formation volume factor, bbl/STB

At pressures below the bubble—point pressure, the oil compressibility is

defined as:
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Where

Bg = gas formation volume factor, bbl/scf

Rs = gas solubility at any pressure, scf/STB

8 Total Formation Volume Factor “Bt”

Bt, is defined as the ratio of the total volume of the hydrocarbon mixture
(i.e., oil and gas, if present), at the prevailing pressure and temperature
per unit volume of the stock-tank oil.

Total Formation Volume Factor describe the pressure-volume relationship
of hydrocarbon systems below their bubble-point pressure.
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p.T = () above the bubble point pressure; no free gas exists.
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where:

Bt = total FVF, bbl/STB.

(Vo)p,T = volume of the oil at p and T, bbl.

(Vg)p,T = volume of the liberated gas at p and T, bbl.
(Vo)sc = volume of the oil at SC, STB.

B = B, + (Rgp — Rs)Bg eq.(1.42)

where:

Rsb = gas solubility at the bubble point pressure, scf/STB.

Rs = gas solubility at any pressure, scf/STB.

Bo = oil FVF at any pressure, bbl/STB.

Bg = gas FVF, bbl/scf.

A typical plot of Bt as a function of pressure for an undersaturated crude
oil as shown in Figure below.

Voo + (V)

»T
B, = ~ } \
(. 'r_:.]:.‘:‘ \i
m i —
h | (Rao-RaBg e
— ! g |
o B, |
|
I
/ |
f + Py

Fressure ———»

Figure shows Bo and Bt vs. pressure.



9 Crude QOil Viscosity “po”
The viscosity, in general, is defined as the internal resistance of the fluid
to flow. po 1s an important physical property that controls and influences
the flow of oil through porous media and pipes.
According to the pressure, the viscosity of crude oils can be classified
into three categories:
° Dead-Oil Viscosity.
° Saturated-Oil Viscosity.
° Undersaturated-Oil Viscosity.
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The viscosity of the oil is measured laboratory by (High Pressure High
Temperature Rolling Ball Viscometer).
viscosity is dimensionally represented as [M' L™ T™].

PETROLEUM RESERVOIRS

Oil and gas accumulations are result from the coincident occurrence of
the following six elements:

Source Rock

Burial depth and temperature
Reservoir Rock

Migration pathways

Seal Rock

6. Trap

A

Petroleum will accumulate in traps, which are locations where oil and gas
can no longer migrate to the surface. The two primary types of traps are

structural and stratigraphic. A structural trap is present when the



geometry of the reservoir prevents fluid movement. Structural traps
)comprising about 70%( occur where the reservoir beds are folded and
perhaps faulted into shapes that can contain commercially valuable fluids
like oil and gas. Anticlines are a common type of structural trap. Folding
and faulting can be caused by tectonic or regional activity.

Stratigraphic traps )comprising about 25%( occur where the fluid
flow path is blocked by changes in the formation’s character.

Stratigraphic traps originate from facies change or geologic unconformity
that provides a barrier to flow and leads to the entrapment of petroleum.

The types of stratigraphic traps include sand thinning out or porosity
reduction because of diagenetic changes.

Diagenesis refers to processes in which the lithology of a formation is

altered at relatively low pressures and temperatures.

In addition to structural and stratigraphic traps, many traps are formed by
a combination of structural and stratigraphic features and are called

combination traps.

Migration of petroleum

Source rock

Vertical migration and accumulation of petroleum in conventional
reservoirs
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Depiction of structural and stratigraphic traps responsible for oil and gas
accumulation in conventional reservoirs.

RESERVOIR ROCKS

Oil and gas reservoir rocks are porous and permeable (They contain
interconnected passageways of microscopic pores or holes that occupy
the areas between the mineral grains of the rock).

Typical reservoir rocks have a microscopic network of pores where
reservoir fluids are stored.

Shale is the most abundant rock type in sedimentary basins, comprising
about 80% or more of the total rock volume in many instances. However,
conventional oil and gas reservoirs are mostly composed of sandstone and
carbonate formations, often interbedded with shale. Carbonate reservoirs
(limestone or dolomite) are highly prolific producers, about 60% of the



world’s production of petroleum is based on these reservoirs. Sandstone
reservoirs account for over 30% of production.

The reserves

The term "reserves" means different things to different subjects. To the oil
and gas industry, reserves are the amount of crude oil, natural gas, and
associated substances that can be produced profitably in the future from
subsurface reservoirs.

Oil Reservoirs

Depending upon initial reservoir pressure pi
, oil reservoirs can be subclassified into the following categories:

1. Undersaturated oil reservoir. If the initial reservoir pressure pi is
greater than the bubble-point pressure pb of the reservoir fluid, the
reservoir is labeled an under saturated oil reservoir.

2. Saturated oil reservoir. When the initial reservoir pressure is equal to
the bubble-point pressure of the reservoir fluid, the reservoir is called a
saturated oil reservoir.

3. Gas-cap reservoir. If the initial reservoir pressure is below the
bubblepoint pressure of the reservoir fluid, the reservoir is termed a
gas-cap or two-phase reservoir.

Basic concepts and definitions in Reservoir Engineering

Porosity @

From the reservoir-engineering standpoint, one of the most important
rock properties is porosity

Porosity is defined as a measure of the capacity of reservoir rocks to
contain or store fluids.
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Porosity is defined as the ratio of the void space in a rock to the bulk

volume of the rock multiplied by 100% to express in per cent.

Three kinds of pores are normally found in materials (Figure below).
1. The closed pores are not accessible.

2. The blind pores terminate within the material.

3. The through pores permit fluid flow through the material.

Closed Pore Blind Pore

Through Pore



The following table defines what typically constitutes poor, good, and
very good porosity.

Range of Porosity and Practical Cutoff

What is good porosity

0—5%—MNegligible

5—10%—Poor

10—15%—Fair

15—-20%—CGiood

=20%Very good

Practical cutoff for oil sandstone ~8%
Cut off for limestone ~5%

For gas reservoirs, the cutoff is lower
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Porosity values depend on rock type, as illustrated in Table below. The
two basic techniques for directly measuring porosity are core analysis in
the laboratory and well logging. Laboratory measurements tend to be
more accurate, but they sample only a small fraction of the reservoir.

The Dependence of Porosity on Rock Type

Rock Type Porosity Range (%) Typical Porosity (%)
Sandsione 15-35 25
Unconsolidated samdstone 20-35 a0
Carbonate

Intercrystalling limestone 5-20 15

Oolitic limestone 20-35 25

Dolomine 1025 20

Vo — VeV,

I'_:|=—=_

where

¢ = porosity, fraction



Vb = bulk volume of the reservoir rock
Vgr = grain volume

Vp = pore volume

ENGINEERING CLASSIFICATION OF POROSITY

1. total (absolute)
2. effective.

GEOLOGICAL CLASSIFICATION OF POROSITY

1. (primary or matrix porosity)
2. (secondary or induced porosity).

Boyle’s Law Porosimeter
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PRESSURE GAUGE

P, P,
CHAMBERS
Sample Reference
Chamber Volume
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VT corr.

Vg

Vf corr.=Vol. of air compressed & Core vol.

P 1eref= PZ>< [Vref+Vcor_Vgra]

sz Vgra= sz [Vref+Vcor] -P 1eref

v P2x(Vref+Vcor)—P1xVref
gra” P2

Vgra =(Vref + Vcor) — -Z%XVref = Vmat



