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Petroleum exploration and extraction
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"Introduction

- What is Petroleum?

e A naturally occurring flammable liquid that is found in geologic formation below
& Earth's surface and consists of a mixture of hydrocarbons and/or non

hydrocarbons. (Petroleum deposits are epigenetic).
v Solid hydrocarbons : Asphalt
v Liquid hydrocarbons : Crude oll

v Gas hydrocarbons : Methane, Butane, Propane elc.




What is Petroleum?
Petro =2 Rock
Oleum =2 Oil

Petroleum is a broad term that combination of
organic liquid and gases that is formed after
kerogen is heated and compressed over long
periods of time. | ‘

Figure 01 : Surface-Crude oil
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Formation of Petroleum

@ There are 2 theories concerning the
formation of petroleum:

* The Inorganic theory
* The Organic theory




Inorganic Theory

@ Berthelot (1860) & Dmitri Mendeleev (1902):

* |[ron carbide in the earth’s mantle would react with
percolating water to form methane.

* FeC, + 2H,0O - CH, + FeO,

 This theory is called Deep-Seated Terrestrial
Hypothesis.




Organic theory

* Most geologisk view crude oil
and natural gas as the product
of compression and heating of
ancient organic materials over
geological time. Oilis formed
from the preserved remains of
prehistoric zooplankton and
algae which have been settled
fo the sea (or lake) bottom in

large quantities under anoxic
conditions.

* High Pressure
* High Temperature
* long fime ago
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300-400 million years ago

STAGE 1

When tiny organisms die, they sink to the bottom of
the sea and are mixed with mud and silt.

Tiny sea plants and animals died
and were buried on the ocean floor.
Over time, they were covered by
|ayers of sedimentary rock,




FORMATION OF CRUDE OIL & NATURAL GAS

STAGE Il

Bacteria removes most
of the
oxygen, nitrogen, phosp
horus, and
sulfur, leaving mainly
hydrogen and carbon.

50-100 million years ago

Sedimentary Rock

Plant & Animal Remains

Over millions of years, the remains
were buried deeper and deeper.
The enormous heat and pressure
turned them into oil and gas.

STAGE il

Lack of oxygen at the
bottom of sea keeps the
animals and plants from

decaying completely.

The partially
decomposed organisms
create a slimy mass,
which is then covered
with layers of
sediments.




FORMATION OF CRUDE OIL & NATURAL GAS

STAGE IV

Over millions of years, many layers of sediment
pile on top of the once-living organisms. When
the depth of burial reaches about 10,000 feet,
natural heat of the earth and intense pressure
combine to act upon the mass.

The end result, over time, is the formation of
petroleum

Sedimentary
Rock

0il & Gas Deposits

Today, we drill down through layers
of sedimentary rock to reach
the rock formations that contain
oil and gas deposits.
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The Petroleum System

RESERVOIR
ROCK

The
Petroleum
System

SOURCE ROCK



—
The-Source Rogke="" ==

* A type of rock
which contains
organic matter
and is capable
to generate the
hydrocarbons.

Best example of
source rock is
shale.

| Shl ) Carbonate
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*He Reservoir Rock
—
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® A reservoir rock
is that kind of
rock which can
hold the

hydrocarbons.

Most common
examples of

reservoir rocks
are sandstone

and Carbonates

Sandstone Carbonate Fractured rocks S {[15ToS (el lok= 1416
(limestone & dolomite) of other types dolomite)
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petroleum from ou
‘the source rocks to " SECONDARY

MIGRATION

== reservoir rock.
. S G
involves S RN
the movement of ;4‘/'"""""@“";5 S
SN . Z - i
petroleum through | 0 S8 =
permeable layers N e 2% aasT™
(carrier beds) to

the trap.

PRIMARY SECONDARY
MIGRATION MIGRATION

(from Tissot and Welte, 1978; reprinted with permission of Springer-Veriag)
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Poor Permeability
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Cyclohexane carboxylic acid

4-Methyl cyclohexane acetic acid
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Specific gravity

density of the object  popject

S - . G .t -_—
pecific Gravity density of water Pi,0

0.8 = é
x=0.8



AR
enerqgy
/|

®

AMERICAN
PETROLEUM
INSTITUTE



141.5

SADE=— 131.5
141.5
SG =
131.5+ API
141 5
AP = SG3—131.5 p, =2
-
141 5
5G i 5G=L2

1315+ °4P] o



Weight

AP| Specific Gravity
(Ib./US gal.) (kg/m’)

8 1,014 8.448 1012
10 1.000 8.328 998

20 0.934 7.778 932

30 0.876 7.296 874

40 0.825 6.870 823

50 0.780 6.490 778




Specific gravity @60°F/15,5°C

1.10
1.05
1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65
0.60

API vs specific gravity

| AHeavy io"i'l'
Viedium oil
Light oil
Condensate
__..
LNG/CNG
10 20 30 40 50 60 70 80 90
AP], °

The Engineering ToolBox

www EnginearingToolBox.com






= Hydrometer

Fead at lowest
part of liquid level

AP
Eravities

Fetroleum
licyuic

Thermometer
T

-+ Cylinder




Viscosity

high wiscosity |y wistaEsly Waner Synag

Kinematic Viscosity, V= IJ./ )

Where,.
V = Kinematic viscosity
Ll = Dynamic viscosity

p = Density of the fluid
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Flash Point

The flash point of a volatile material is the lowest temperature at which vapours of
the material will ignite, when given an ignition source.

Flash point is the lowest temperature at which a liquid can form an
ignitable mixture in air near the surface of the liquid. The lower the flash point, the
easier it is to ignite the material. For example, gasoline has a flash point of
approximately -40 degrees C (-40 F) and is more flammable than ethylene glycol
(antifreeze) which has a flash point of 111 degrees C (232 F) in closed cup tests (see
below).




Fuel

Flash point

Autoignition
temperature

Ethanol (70%)

16.6 °C (61.9 °F)I°I

363 °C (685 °F)°!

( )
Gasoline (petrol) -43 °C (=45 °F)I®] 280 °C (536 °F)["]
Diesel (2-D) >52 °C (126 °F)®! 256 °C (493 °F)["]
Jet fuel (A/A-1) >38 °C (100 °F) 210 °C (410 °F)
Kerosene >38-72 °C (100-162 °F) | 220 °C (428 °F)

( el

Vegetable oil (canola)

327 °C (621 °F)

424 °C (795 °F)®

Biodiesel

>130 °C (266 °F)




Fire Point

The fire point of a fuel is the lowest temperature at which the vapour of that fuel will
continue to burn for at least 5 seconds after ignition by an open flame. At the flash
point, a lower temperature, a substance will ignite briefly, but vapor might not be
produced at a rate to sustain the fire. Most tables of material properties will only list
material flash points. Although in general the fire points can be assumed to be about 10
°C higher than the flash points this is no substitute for testing if the fire point is safety
critical. Testing of the fire point is done by open cup apparatus

gas for
ignition flame

lquig




The flash point is sometimes confused with the autoignition temperature, the
temperature that results in spontaneous autoignition. The fire point is the lowest
temperature at which vapors of the material will keep burning after the ignition source
Is removed. The fire point is higher than the flash point, because at the flash point more
vapor may not be produced rapidly enough to sustain combustion.ll Neither flash point
nor fire point depends directly on the ignition source temperature, but ignition source
temperature is far higher than either the flash or fire point.
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burning-point

The temperature at which the vapor from the free surface of an illuminating-oil
contained in an open vessel, when ignited by contact with a flame, will continue to burn:
distinguished from the flashing-point which is the temperature at which the first

momentary ignition becomes possible.




Pensky-Martens Closed Cup Flash Point

ASTM International, formerly known as American Society for
Testing and Materials




Manual Cleveland Open Cup Flash Point Tester
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Aniline Point

The aniline point of an oil is defined as the minimum temperature at which equal
volumes of aniline (C6H5NH2) and lubricant oil are miscible, i.e. form a single phase
upon mixing. The value gives an approximation for the content of aromatic
compounds in the oil, since the miscibility of aniline, which is also an aromatic
compound suggests the presence of similar (i.e. aromatic) compounds in the oil. The
lower the aniline point, the greater is the content of aromatic compounds in the oil.



Determination of aniline point

Equal volumes of aniline and oil are stirred continuously in a test tube and heated
until the two merge into a homogeneous solution. Heating is stopped and the tube is
allowed to cool. The temperature at which the two phases separate out is recorded

as aniline point.




Ash Content

Ash contents is defined as the inorganic residue that remains after combustion of the
ol in air at specific high temperature. Ash ranges from 0.1% to 0.2%. The ash
content of a fuel is a measure of the amount of inorganic noncombustible matenal it
contains. Some of the ash forming constituents occur naturally in crude oil: others are
present as a result of refining or contamination during storage or distribution. For
instance, it could be due to the presence of compounds of the following elements:
vanadium, sodium, cakium, magnesium, zinc, lead, iron, nickel. Or it could be
picked up by the crude oil during storage and handling. Metals content above 200
ppm are considered to be significant but the variations are very large. The higher the
ash content the higher is the tendency of the crude oil to form sludge or sediment.
Oils containing more than 0.05% ash are considered high ash oils; those containing
less than 0.02% ash are considered low ash oils.

Knowledge of the amount of ash-forming material present in a product can provide
information as to whether or not the product is suitable for use in a suitable
application. Ash can result from oil or water-soluble metallic compounds or from
extraneous soldier such as dirt and rust.



Stand Source of flame (heat)  Scientific Balance

Crucible Residue Crude (RC)

Ash A Ll L
sh,mass % = — - X

Where:
W3 - Wl = mass of ash in grams

W2 = mass of sample in grams



Cetane Number

Cetane number (cetane rating) is an indicator of the combustion speed of diesel
fuel and compression needed for ignition. It is an inverse of the similar octane
rating for gasoline. The CN is an important factor in determining the quality of
diesel fuel, but not the only one; other measurements of diesel's quality include
(but are not limited to) energy content, density, lubricity, cold-flow properties and
sulphur content

Generally, diesel engines operate well with a CN from 48 to 50 higher cetane fuels
will have shorter ignition delay periods than lower Cetane fuels.

T

cH _C
Ho? ~c” aeH

NP CH3(CH2)14CH3

HC%CH,CHC ﬁf;CH
Hexadecane (Cetane)

(Cetane number 100)

-methyl naphthalens
{cetane number 0}



Alkyl nitrates (principally 2-ethylhexyl nitrate[5]) and di-tert-butyl peroxide are
used as additives to raise the cetane number.

HaC CHs
HaC—}—0-0—{—CHj
HsC CHs

Di-tert-butyl peroxide



Benefits

1- Shortened ignition delay

2- Improved cold start

3- Reduced white smoke during warm up

4- Reduced emissions (HC, CO, NOx and PM)
5- Reduced engine noise

6- Reduced fuel consumption.



Cloud Point

The cloud point of the fuel is temperature of the fuel at which wax crystals will start to
form. These crystals block filters and cause hard starting in cold conditions.
The cloud point can be used as a guide to match the class of fuel for use within a

specific climate.




Doctor Test

This test method is intended primarily for the detection of mercaptans in motor
fuel, kerosine, and similar petroleum products. This method may also provide
iInformation on hydrogen sulfide and elemental sulfur that may be present in these

sample types

sour gasoline in the presence of NaQH  alkyl disulfide

RSH +Na,Ph0, + R-5-$-R -+ PhS + 2NaOH




DROPPING POINT

Dropping point is the temperature at which the grease passes from a semisolid to a
liquid state under the conditions of test

The dropping point indicates the upper temperature limit at which a grease retains
Its structure though is not necessarily the maximum temperature at which a grease

can be used.




Heat of Combustion

The amount of heat released during the combustion of a specified amount of it.
The total energy released as heat when a substance undergoes
complete combustion with oxygen under standard conditions. The chemical
reaction is typically a hydrocarbon or other organic molecule reacting with oxygen
to form carbon dioxide and water and release heat

The reaction of combustion of the gasoline 1s given by the following chemical equation:

20 Hys(1) + 250,() = 16C0,(g) + 18H,0(0)
and the equation of the reaction of combustion of the diesel 1s:

71
2C3oHqs(1) + Bl 0,(g) - 24C0,(g) + 23H,0(1)



Penetration Number







Octane Number

C C C
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2,2,4-Trimethylpentane (iso-octane) (upper) has an octane rating of 100 whereas n-
heptane has an octane rating of O.



Motor

Group Research method othod
n-alkanes 13.449] 1 1.0u2
Isoalkanes 28,625 26,180
Aromatics 19.226 15,843
Naphthenes 3,321 4,189
Olefins 4.144 5,208
Oxygenates 4,095 3.8068
Unidentified 13,306 9.721
Total: 88.211 74.101
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Octane Ratings of Hydrocarbons
n-octane -20 A n-butane 94

n-feptane O A propane 97

n-hexane 25

: 2 2 4 trimethyl-
n-propyleyclopentans 32 pentana 100

n-péntane 62 l!:}

cyclopentana 101
IEopropocyclohexana G Y 2
2 4-dimethylhexane &8 {:} benzene 105.8

isopropylcyclopentane 21 {E}—EI |5 teduene 118
cyclohexane B




Naitia Condensed Structural Octane Naivie Condensed Structural | Octane
Formula Rating Formula Rating
CH,
n-heptane CH,CH,CH,CH_CH,CH.CH, 0 o-xylene @[ 107
CH,
n-hexane CH,CH,CH,CH,CH,CH, 25 ethanol CH,CH,OH 108
t-butyl
n-pentane CH,CH,CH,CH.CH, 62 alcoh{)I (CH,),COH 113
isooctane (CH,),CCH,CH(CH,), 100 p-xylene H3C~<j>~CH3 116
benzene @ 106 ST FRut H,COC(CH,), 116
ether
methanol CH,OH 107 toluene <j>7CH3 118
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Octane Chemistry — Octane Ratings

ROM = 108.6
ROM = 100
ROM = 92
ROM = 44
ROM = 0

ROMN = -30
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(a) Petroleum distillation tower

outlet

Fraction

>

—»

Number of

carbons
Gases 1-4
Naphthas 5-10
Kerosenes 10-16
Gas oils 16-60
Lubricants >60
Fuel oil >70
Asphalt >80
(b) Petroleum fractions

Boiling point
range

0-30°C

30-180°C

180-260°C

260-350°C

350-575°C

>490°C
>580°C
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How is Natural Gas Used in Your Home?
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CHEMICAL REACTIONS IM JET FUEL MERCH TREATIMG

Caustic Presvash: Merox Reaction:
HalH + H;5 — NaiH + H,0 4REH + 0y — ZRSER + 2ZH,0




Girbotol Process

Sweet gas

Malkeup
Water

Absorber
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absorder: 35 to 50°c and 5 to 205 atm of absolute pressure
Regenerator: 115to 126°c and 1.4 to 1.7 atm of absolute pressure

at tower bottom




Malaprop Process

i
ZR—NH.+CO;, —— R— N —C—N —R + H,O or H,S
ar - e— —
cCos A
DCGA + CO; or COS = N,N'bis(hydroxyethoxyethyl)urea
(BHEEU) + H:O or H:S
H S H
COS I .

ZR—NH, +9T —SR—N—C—N—R + H;O or H,S
C5, —

DGA + COS or C5; 2 N,N'bislhydroxyethoxyethyljthiourea +
(BHEETU) H:O or H:5

where R = HO — CH; — CHy — O — CHy; — CH; —



