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Chapter 1

Introduction

Prerequisite: None

Basic technique of petroleum
exploration, drilling & production wells
including methodology of production
process, production efficiency
distillation, Transportation and
marketing of crude oil and natural gas
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3.

Course Contents

. Introduction
. Petroleum geology

— Basic concepts

— Petroleum system

— Reservoir fluids

- Reservoir pressure
Petroleum exploration

— Surface geographic studies
— Data collection

— Geophysical surveys

— Reservoir development tools

Course Contents

. Drilling operation (9 hrs)

— Development of drilling for oil

— Drilling contracts

~ Rotary drilling systems

~ Routine drilling operations

— Development of offshore drilling
~ Mobile offshore drilling units

— Offshore drilling plate forms

— Directional drilling

~ Fishing

- Air and gas drilling

Mid Term Exam

4170200
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Course Contents

5. Petroleum Production
Early production methods
Well completion
Well testing
Reservoir stimulation
Reservoir drive mechanisms
Artificial lift
Improved recovery techniques
Surface handing of well fluids
Measuring and testing oil and gas
Well servicing and testing oil and gas
Offshore and arctic production

Course Contents

6. Transportation
— Onshore
~ Offshore
— Pipeline
. Production pipeline
Natural gas pipeline
Pipeline construction
7. Petroleum Refinery
8. Petroleum Marketing

Final Exam

4172013
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Petroleum Industry
Functions

Drilling &
Production

Petroleum Industry Functions

1. Upstream

- Exploration

- Development Drilling and
Production

: Dritling &
Production

2. Downstream
=Crude Oil Transportation and
Storage
=Refining and Petrochemical
=Product Distribution and
Marketing

NARSET
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How do we find the oil reservoirs?

* Geophysicists find reservoirs by bouncing sound waves of f
them, and timing how long it takes for the sound to come back

+ Computers process the data o construct pictures of what the
earth looks like underground.

Seismic Surveys

* Seismic surveys are used to locate likely rock structures
underground inn which oif and gas might be found
* Shock waves are fired into the ground. These bounce off lavers

of rock and reveal any structural domes that might contain oil

417201

2
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What do we do after we find a
reservoir?

We Drill Into It
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What do we drill with ?

A Drilling Rig |

Here are a few different types of drilling rigs available:

Jackup Rig

Land Rig For drilling in

water depths from
For drilling on and. 15h

50 [t

Inland Barge

Semi-Submersible Rig
For drilling in water depths Dritl ships and semi-submersible rigs are for

from 8 to 30 ft. drilling in water depths from 100 1o 5000+ f1,
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— \ Rotation Drilling
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Anatomy of an cil rig

Here’s a picture of the drill bit drilling the rock.

\ Systems

Power System
Hoisting System
Rotating System
Circulation (mud)
Sys. :
Well control system
Well monitoring
system

4/17/2G1
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The Drilling Mud Cyecle

4} the mixture is
circulated across

sereens at surface

6) Clean waud falls

through the screens and

is returned to the pits

5) the drill cuttings are removed. and

form a cuttings pile, This can be

hauled off and disposed of.

—

1) Clean drilling mud is taken from the steel mud
tanks and pumped down the inside of the drill

pipe.

3) the mixiure of drifhing mud and drill

cuttings are circulated up the annulus

2y the mud is circwlated through the drill bit into the

annudus, hiting the cuttings removed by the drill bir

Here’s a sequence showing how holes are drilled,

First, a large drill bit is used 1o drill a

short interval of hole.

2000

Then, stee} casing is ren and cemented on the

outside to keep the hole from collapsing.

4172013
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Again, a smaller

hole is drilted out,
and smaller

casing is run
to keep the
hole from

falling in.

In: this way, the hole is drilled in stages, until the target reservoir rock is penefrated.

Al this point, the geologists must figure out if there is oil or gas in it.

H1T2007

i0
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How do Geologists tell if the reservoir has oit or gas?

They do this by running logs across the zone. Logs are tools run on electric cable (“wireling”} which

record the physical propertics in the rock such as resistivity, porosity, density, radioactivity, and pore

pressure,

Here's an example of what a log looks like., Geologists look at logs to decide

whether or not to complete aveii (if there is oil), or abandon it (if there™s no oil).

©

Garmma Eteatricat -
Hadiatien Resrrivny
e —
Surul
“Shale
o
S Siltstere -
C. Shale
L Silisteind
Dolomite
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I¥ the wetl looks good on the logs, we nim a final string

of casing across the production zone, and cement it in place.

Then, we run perforating guns in the hete and perforate (shoot holes } in the casing

across the productive zone.
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Production tubing is run, with a packer to isolate the produced zone

{from the casing above.

—)
- wbing

Finally, the well is produced into

a pipeline, which takes it to

production facilities on surface.

4172013
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The production facilities on surface separate Produced Gas
out the gas, oil, and water into their separate

phases.

Production Separator
P Produced

Waler

Transportation

* Once exiracted oil
and gas must be sent to
a refinery for
processing

* Pipelines transport
most of the world's oil

from well to refinery

* Massive Oil Tankers
also play an important

role in distribution
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Floating Storage and
Offloading Unit ( FSO)

+ Knock Nevis at Persian

i .

hd

PRODUCTS

T ran cyeabe Irenerl phrses

pAnAsipt iy §en

aivoesl 5

41772043
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From there, the oil and gas may
be refined further before being

ready to market.

Produced Gas

Storage Tanks

Oil Refinery

Production Separator
Produced

Water

Marketing

Finaily, the gas and oil can be sold to

power cars and heat houses.

417720177

16
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tn

arketing: Fuel source

* 84% af crude ol is refined

inte fuel, principatly for cars

and planes

* Demand is ever increasing,

especially due to growth of

Chinesc economy

Marketing: Other uses

by Lo 303 e btk nags Kear

Food additives

Fertilizers and

Plastic
Pesticides

® The remaining 16% of crude oif is used for a range of purposes

shown above as well as synthetic fibres, dyes and detergents

4172013
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Chapier 2
Petroleum Geology

Course Contents

— Basic concepts

— Petroleum system
— Reservoir fluids

— Reservoir pressure
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What is petroleum?

TPetrofeum -
(O] & Nafum/
&as) .

Rock oil or crude oil isa mnmiiy oceurring, ‘F%ammaalﬁ

------ liquid consisting of a mmp%ew mixture of hydrocarbons of
various molecular we;? 13, and other orgaric compounds,
That are ’fsuﬂd in gaﬁ g!»:: ‘foi*me?saﬂs beﬁeaﬁ“h the ear’ﬁ‘h 5
surface. . R i

° Hydracarbons composmon (mos‘r[y H c (>75%) minar of S N O>

1. Gas 3. Solids
» Natural Gas » Coal
e Condensate * Kerogen- Insoluble in
2. Liquids ) organic solvents
¢ Oil, Crude oil Bg‘rumen Soluble
» Plastic

* Asphalt, Tar

Classification of Hydrocarbon

There are 3 series of hydrocarbon

1) Paraffin or methane series: [C, H ;. ]:
Alkanes

2)Naphthene or cycloparaffin series: [C , H
2n] Alkenes & [C , H 5, ,] Alkynes

3) Aromatic or Benzene series; Mostly
found in general crude oil [C, H ]
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Classification of Hydrocarbon

5

s at uratuils

Alkanes
Cdouble
Coblan i
N Ethene
'{Czihll

series

4/17/201;
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Gasoline

* Paraffins (Alkanes)
« Saturated Chains

(€B-C10)

e7%

Natural Gas

Methane

Ethane

Propahe

Properties of Oil

60|

074

Kerosene
(C11-C13)

13%

50

079

20

Diesel ~

Co12%
(€c14-ci8) |10

';.0-7_9.-_..:-';.

00

Heavy Gas
Qit
(C19-C25)

10%

Lubicating -

'(626;6:4.@)::'. S

20% .

30

Joss

500

Residual
(>Cc40) .

18%

10..

10°

« Light Oil: Used for

gasoline, benzene,
and aviation fuel.

« Medium Oil. Used
for kerosene, diesel

fuel, jet fuel, and
power plants

* Heavy Oil: Used
for fuel oil for
ships and power
plants

1712013

12
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Origin Of Petroleum Theory

There are Two theory:
1. Inorganic (Igneous and metamorphic rocks)
2. Organic matter (sedimentary rock)

1. The Inorganic Theory

QMaterial left over from the formation of the
solar system or was formed into petroleum later
within the depths of the earth.

® The petroleum generated from an igneous and
metamorphic rocks

Origin Of Petroleum Theory

2. The Organic Theory
+ Oil and gas formed from remains of plants and animals

+ Organisms that lived in rivers and seas subsequently
died and became trapped in seafloor _

- They were unable to decay normally because of a lack
of oxygen or had a quick burial

+ Sediment deposited over organic matter frapped it in
the seafloor

* Increasing pressure from continued sedimentary
deposits, high heat, chemical reactions and other -
forces transformed organic matter into oil and gas
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Which Theory does most accept?

Most exploration today is based on the Organic
Theory.

© 99.9% of oil in sedimentary basins (not in igneous
| or metamorphic rocks)

‘‘‘‘‘ ® 99% in rocks younger than 400 million yrs

® Bituminous shales can be heated up to produce oil
® Analogous to coal (which contains plant fossils)

° Crude oil contains many biomarkers

° wggfzc i8 typical of biological activity (enriched in

Concept of Petroleum Origin

v" Source Rocks (any carbon bearing element such
as plants or marine plankton)
> Burial or Accumulation of organic matter
(The generation of petroleum from a source rock

is controlled by temperature)

| » Maturation (Oil Kitchen: enough heat and

| pressure)
» Migration (movement of the hydrocarbon from

deep in the subsurface to shallow)

v Reservoir Rocks (a porous sedimentary rock in
which the liquid or gas hydrocarbon can be held)

v Trap and Seal Rocks (something preventing the
hydrocarbon from leaking out)
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Concept of Petroleum Origin

Petroleum—Where is it found?
Basins are containers for sediment

Earth's basins contain sedimentary rocks, air, or water

contineaal shelf rontinendal shelf

- fm\g%k . 5
L
5_.
d o
'j —
an
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Basins: Forces that shape the earth's crust

Basins form in response to subsidence of the
crust and grow due “loading” of sediment deposited in
..... _ them

i fhut

i irensibegnand it suagee

wehion (Al

sinsebatwenesi fik agy Bk

s A
Boasagwiagn

Origin of Petroleum

Development of the oil and natural gas shown in three steps

PETROLEUM & NATURAL GAS FORMATION

 OCEAN  GCEAN
U4t millionyears ago | 0-100 million years ago

Tinysea plants and animals diog (i g of pears. theremalis  Today, v dall duwwn through anz%mi

ardd wern burled on e oosan finae  ween Dot doeper and desper, of sand, i, and rech o remmh
Carthme, thoywars coverad by Tho smeemous teat and presapre B ek formualions that sontan §
favers of sl and sand, turmand tham into ofl and gas. il apvd g depasing. :

4177201
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Petroleum Generation and Accumulation

OilKitchen -
{cooked) -

Maturation

Source Rocks Oil Kitchen Migration Reservoir Rocks
Shale Time Compaction Sandstone
Carbonate Temperature Buoyancy Carbonates

Organic-rich Thermally Matured Qil
Source Rock Organic Matter

Concept of Petroleum Origin

4177201
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Kerogen

Kerogen: Complex organic molecules that are
produced by modification of organic matter
preserved in sediments. When heated, this solid

waxy organic substance can produce coal
macerals, oil and gas.

Kerogen Transformation

Kerogen Type

2.4 5
3 i
metageﬁesis catagenesis
ALGAL
/ Type L (alginite) ;
s 4 /. / i
v % 2 / Type 1l (exinite) LIPIG  sporen
= RS % .
i St ;_)o.’fe.}
E s colicules
z S was
L Diad
_.'_/:;,./’:)’pe HE viteniie) fout Tﬁlﬂ;ﬁ[{‘.\m}.
e caliulose e
4.3 - Type IV linerisnite) Oxidalie ‘_
pra-tiepasitio B
; ? ;
0 031

4
at At {0 U 02

Van Krevelen diagrams are a graphical-statistical method that cross-plots the O/C and H/C
rafios of

41772013
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Kerogen vs. Petroleum Types

Type I . |17-03 |01~ |Algae in lacustrine . -|Light, high
S 1002 " | and/or lagoonal quality oil and
‘environments, - some natural
Type IT  |14-03 |0.2- Mixture of plant Main source of
0.02 debris and marine crude oil and
microorganisms some natural
gas
Type IIT:-110-0.3 10.4- . |Land plants in coa]y .| Mainly natural
P 0.02 .- __sadzmen’rs 3 | gas with very .
v _linH_e. oil *
Type IV |045- |0.3- Oxidized and charred | No pefroleum
0.3 0.02 wood

Types of Petroleum

Qil and gas are formed by the thermal cracking of organic
compounds buried in fine-grained rocks

TOC212WT%

'Algae = Hydrogen rich = Oil-prone. |

TOC 38 WT.%

4177201
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Depth
{ft.}

Immatura

£,080

Three Stages of Genesis:

Diagenesis. Biogenic decomposition produces biogenic
methane. At slightly higher temperatures and pressures
the organic matter is converted o kerogen - an
amorphous material of carbon, hydrogen, and oxygen. (x
60°C , few hundred feet depth; “heavy” oil)

Catagenesis. At higher temperatures and pressures
kerogen is altered and the majority of crude oif is
formed. During this phase and the next, the larger
molecules break down into simpler molecules (a process
called cracking). (60-140°C, > 5000 ft - kerogen and
“light" petroleum)

Metagenesis. In the final stage of alteration (at higher
temperatures and pressures) of kerogen and crude oil,
natural gas (mostly methane is formed.(>1409C gas ,
depth >15000 ft)

4172013

28
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Petroleum Migration 3

Tartiary
Migration

Primary Secondary
Migration Migration

Reservoir Rock

Petroleum deposits are called reservoirs which are
permeability and porosity of rock.

* The permeable (porosityéd
permeability)

strata in an oil trap is known as the
Reservoir Rock

* Reservoir rocks have lots of

interconnected holes called pores.
These absorb the oil and gas like a
sponge

30
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v" High Porosity (>10%)

Requirements for Reservoir Rocks

ommon reservoir rocks

» Sandstone {about
50%)
« High primary
porosity, normally in
the range of 20-40%
* Coarse grained, well
sorted

+ Carbonate {Limestone
and dolomite) (about

v' High Permeability 30%)
v Great thickness (>10 ft.) *Low To moderate
v Good lateral continuity and cover primary porosity
wide area 'Hfgh Sacondar‘y
porosity

Seals or cap rocks

Seals or cap rocks: a unit with low permeability that impedes
the escape of hydrocarbons from the reservoir rock

~Regional seal determines migration pathway)
—Local seal seals the trap)
—Best seals: gas hydrates

e

.,\Qf

ey

Important characteristics of seal rocks
* Low permeability
* Ductility otherwise they are easily fractured during
deformation

41772013
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Hydrocarbon Traps

Trap is the stratigraphic or structural feature that ensures

the juxtaposition of reservoir and seal
Classification of fraps _ s

|

Structural Traps
Fold related

Fault related
Diapirs : Salt Dome

=R R~

Stratigraphic fraps
Related to unconformities
Sedimentological : Reef
Pinchout

Mecf
s

EEEN

@

Hydrodynamic traps

4. Combination traps

Hydrodynamic Traps

canfprmit Tinch Owt

Faull

A Hysiosishic btap

The movement of
water can modify
the geometry of al

B Hycrodyanrio tran

ol

oil accumulation

(-nH—ed OWC 3.5 The £ sydrodrasmie lmrsttnha.masad
most common :
example)

G Hecdradyimsic trap without ststis
closus argsind By dowadly walp

O THReS oFwatm contacl i 10i0-
dominitsd Wi with Hwndip
wralng wehdnsanl

172015
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Combination Traps

Sialt

Dome

Summary: Generation, Migration,
and Traping of Hydrocarbon

“

i

o
o

i

41772013
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Reservoir Fluids and Pressure

Types of reservoir Fluids

Fluid: any substance that will flow; oil, water and
gas.

1. Water:
- Connate water: the water in the formation
when development of the reservoir was started.
- Bottom water: occurs beneath the oil
accumulation
- Edgewater: occurs at the edge of the oil zone
on the flanks of the structure.

Types of reservoir Fluids (cont.)

2. Qil: lighter than water and not mix with
water

3. Gas: it is associated with oil and water in
~ reservoirs in two principal ways;

- Solution gas: High Pressure & Low Temp.

- Free gas: it is not dissolved in oil- 1o
accumulate in the highest structural part of a
reservoir (call gas cap)

34
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Lrmws seckion

CirE-mlanie o

6OC

Gag-water

ERRRIC] Rt ] FIdd

Orrlingl
Tk

cortiet ST o water

CHrg il baatn

Reservoir pressure

Reservoir Pressures are
normally controlled
by:

1. Pressure Gradient in
the reservoir

2. Gravity (drilling low
pt. in formation)

3. Capillary action

(fluid has been flow into
Tiny opening)

H1T12013

Lt
Ur
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Reservoir Pressure

Type of

1. Normal Pressure
2. Abnormal Pressure: L

Formation pressure ftends to increase
with depth according to the
hydrostatic pressure gradient, in this -
case 0.433 psi/ft. Deviations from the
hormal pressure gradient and its

associated pressure at a given depth
are considered abnormal pressure -

Normal & Abnormal Pressure .

D00 e

i -3
SO0 =k DL

e

0 2068 608 <G00

Prasaians {pablts
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Normal and Abnormal Pore Pressure

Depth, I

10,0007 a0
—_— Pore Pressure, psig T

Some Causes of Abnormal Pressure

1. Incomplete compaction of sediments

» Fluids in sediments have not
escaped and are still helping o
support the overburden.

2. Tectonic movements
b Uplift
b Faulting
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T NORMAL PRESSURE
-

Figure 1-4, High pressure occurs at the upper end of the reservoir.

Hydrostatic pressure gradient is lower in gas or oil
fhanin water.

HiIGH PRESSURE

’1\] NORM&L PRESSURE

Figure 1-3._

Faulting or upthrusting

When crossing faults it is possible to go from

normal pressure to abnormally high pressure in a
short interval.
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,,,,,, _ Indications of Abnormal Pore Pressures

Methods:
1. Seismic data 7. Change in Mud properties
2. Drilling rate 8. Temperature of Mud
3. Sloughing shale . Returns
4. Gas units in mud 9. Bentonite content in

shale
10, Paleo information
11. Wire-line logs

5. Shale density
6. Chloride content

Chapter 3
Petroleum Exploration

39
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Course Contents

— Surface geographic studies
— Data collection

— Geophysical surveys

— Reservoir development tools

Petroleum Industry Functions )

“Upstream
» Exploration
- Development Drilling and Production

“»Downstream
= Crude Oil Transportation and Storage -
= Refining and Petrochemical
= Product Distribution and Marketing

A0
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Petroleum Industry Functions

Drilling &
Production

Requirements for Commercial
Petroleum

Source: material from which oil is formed and matured

Reservoir Rocks: The hydrocarbons are contained ina
reservoir rock. This is a porous and permeable sandstone
or limestone, in which the petroleum may migrate and
accumulate after being formed

Migration Part: connecting source rock to reservoir rock.

Traps: subsurface condition restricting further

movement of oil and gas such that it may accumulate in

commercial quantities.

1+ Seal or cap Rock: The hydrocarbon trap has to
be covered by an impermeable rock known as a
seal or cap-rock in order fo prevent
hydrocarbons escaping to the surface

41
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Petroleum Systems

» Source Rock
»Migration Route
> Reservoir Rock
»Seal Rock

»>Trap

=Generation

*Migration
=Accumulation
aPreservation

Aim of Exploration

@ To predict and identify the presence of

The occurrence of hydrocarbons
is linked to sedimentary basin

Howne

geological structure that may contain

hydrocarbons in commercial quantities

What are sedimentary basin?
Where on the earth do we find them?
Are they all similar or are there many

different types?

What is required for a basin to

be propective?

41772017
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A Prospective basin must

v Contain source rocks and reservoir/seal pairs

v Be sufficiently deep/thick so that source
rocks have reached maturity to expel
hydrocarbons.

v’ Have all the parameters occurring in a
favorable combination, so that hydrocarbons
can migrate updip into a sealed reservoir,

v'Have undergone sufficient deformation prior
to the source rocks having reached maturity

to allow trap formation before hydrocarbon
migration. '

Exploration Method

1. GaTHerini information and planning geological
field wor

2. Seismic acquisition, processing and
interprefation

Prospect generation, potential evaluation and
prospect ranking

Drilling plan and well proposal

Drilling

Well evaluation, update exploration plan and
delineation plan (if success)

Production

NSOk W

43
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Petroleum Exploration Processes
1. Regional studies
2. Land acquisition
3. Exploration
4. Risk Assessment (Prospect evaluation)

5. Drifling an exploratory well

6. Well completion and testing
7. If the well produces oil or gas: Development

8. If the well produces mostly water: Abandonment

Exploration Tool

1. Geological Tools

> Geologic map

»  Structural map

> Stratigraphic correlation
> Geological modeling

2. Geophysical Tools
» Seismic

> Magnetic

> Gravity

24
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Exploration Tool

3. Geochemical Tools 4. Drilling and Testing
» Source rock evaluation > Mudlog
> Whole-rock analysis; » Wireline log
""""" (cutting, core, outcrop), . Rock sample, core,
TOC, pyrolysis , Rock cutting, side wall core
Eval Vitrinite

» Fluid sample

recflectant(VR) . Testing: DST

> Kerogen analysis; V.R
» Bitumen analysis; Gas

Chomatography
Masspectroscope (GCMS)

Petroleum Exploration

1) Geological Exploration:

°  Surface survey and Mapping: field work (geological
map, topography contour map, cross-section)

e  Subsurface survey and mapping : cutting, core
sample, well logs, seismic survey (isopachous map,
cross-section)

2) Geophysical Exploration

- Gravity

- Maghetic

- Resistivity

- Seismic: Refraction wainm and Reflection wuswiow
3) Drilling Exploration

45
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1) Geological Exploration

1.1 Surface Mapping
+Surface Geographical Studies
+Surface Geological Surveys
+As clues to subsurface features

1.2 Subsurface Mapping can be

defi i type: ~
ef ned into 3 M Sources of subsurface map
- Structural contour - Well Logs: mud logs,
drilling Togs, electric

maps:elevaﬁon Io_‘gs, adioactivity logs
- Isopachous maps: bed Thicknesﬁ _ Seismic data q

- Cross Section Maps: position and - ere drilling and analysis
Thickness of strata L

-

Mapping

% If rocks are
exposed af the
surface then
mapping them can
give a clear
mdilca‘i'ion of 'rihe
geology hot only on
the su‘{'face bu¥
also underground.

% You may be able to
work out an
underground cross
section.

46



© 534203 Peiroleum Industry

Geological maps

A 2
e
e |

Y A,
FE o RN

Topographic contour maps

41
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Surface Geology, Geological Cross-
Sections

e et RS e

v i

: Surface eolo?ical _mappinlg is the oldest and
cheapest exploration tool.

PA %eologfcal map contains a wealth of
information about the stratigraphy, structure,
and geological history of an area.

Subsurface Geological Maps

1. Subsurface structure contour -
maps
[=] o represent geological

structure in petroleum
exploration.

Structure contour maps are
very similar to topographic
contour maps.

2. Isopach maps Contours of

equal stratigraphic thickness.

These maps are often used to

find the thicknest part of the

reservoir.
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[S¥]

Fne Daia
Hncantoumd - Subsen top of ol Ismnation

‘Structural contour maps

“““““ Caniour
Cantoursd on bop of oitlomatian

DEEP RIVER FIELD

Other variables that are
commonly contoured are:
* Net pay
+ Porosity
- Qil saturation
- Pressure
others

L]

49
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2. 5eoph ysical Surveys

v' Geophysics concern th licati f physical principl —
Yo the studies of the Farth, 0" OF Physical principle

v The objective is to determine the structure and
properties of the rocks within the earth.

v' Some common type of geophysical methods.

* Seismic
»Reflection 98.6%
>Refraction 0.1%
» Gravity 0.5%
» Magnetic 0.5%
» Electrical and radicactivity 0.3%

v Petroleum industry accounted for 97% of geophysical
expenditure.

v' Gravity and magnetic are employed at the beginning of
the neiy venture, Thesg,me‘rhods are used toobtain the
general view of the sedimentary basin.

Gravity Survey

[2] Measures small variations of the Earth's gravity
field caused by density variations in geological
structures.

... 1s used as a supplementary method o raw
materials exploration and as reconnaissance to
design seismic works.

Gravity survey is used to determine:

B mapping deep structures in sedimentary cover
and consolidated basement -
m fracing density-lithological boundaries and
tectonic features
m exploring structures prospective for
hydrocarbon accumulation (find basin)

30
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Gravity Surveys

% These use a gravimeter
that measure the
gravity at a given

point.
% These can be carried in
| glanes, ships or carried
y hand.
% If there are denser

rocks below (ores) they
will give a positive
gravity anomaly.
# If there are less dense
rocks (salt/halite)
there will be a negative
| anomaly.

mgher and [rihss
O inrusion aravimater
oy B ovat Ei}ﬁg}iﬁ%ﬁ' ek ;
gnecus salt
- mtrysion / dome at doast _
) ] ﬁ poral T CABNg

e gver sading
unit
valley |

spring

weight

é“f%" reseng
B &
o L EAW

Iﬁi_.f{ﬁmi} Earaws

i - R L.

- igneous  riftvallsy  saltcome
S infrusion

* Gravity meter or Gravimeter @ unit in mgal
(milligal)

[




534203 Petrolemm Industry

- Detects changes in the earth's magnetic field
caused by variations in the magnetic properties of

rocks

Gravitational Anomaly

s

. s . #-i Ealr:u‘l.‘az ed
8,73 Lt ﬁ\*’h’“—h L ey Dbgeryad:
L E H : e, FE .

LR7m

Magnetic Surveys

* Use for determining depth to basement

» For basin analysis, the area of low magnetic
intensity usually indicate a sedimentary basin.

*Sedimentary rocks are not magnetic (negligible)

/17201 "
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Magnetometer

v Unit of measurement is in gamma (y)

v" Magnetic dataq, like gravity survey, are usually
displayed in form of map.

Magnetometer

Magnetic survey using

Benefit of Magnetic method

1. Fast & Low cost

2. Provide information about
the distribution of rocks

occurring under thin layers
| of sedimentary rocks

3. Useful when trying to
locate orebodies

4. Aeromagnetic surveys are
taken from a moving plane.

N
"5




534203 Petrolenm Industry 417204

Applications of Magnetic Method

- Shallow (Engineering and Environmentat):
contaminarits, ToxiC waste, pipes, cables
and metal inclusions

* Archeology: buried walls, old fire pits

* Mining: iron sulfide deposits

- OQil and groun%wafer': deg*rh to magnetic
nt in

baseme asins, structure and shape

of basin, and detection of fault.

Magnetic survey using a magnetometer

°*The data for a survey
can be plotted as a -
contour map using lines (((
which join points o =
equal "magnetic" value. 7~

°From these maps
geoscientists can
locate magnetic bodies
(even if they are not ~w-=
outcropping at the
surface), interpret the

tm onaden o e nqc ﬂn‘nlnﬂ:nat
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Seismic Survey

Seismic waves are wave of energy that
travel through the earth or other elastic

bodies.
[2] The propagation or velocity of seismic

wave depends on acoustic properties of

the rocks, e.g. elasticity, density,

discontinuity, etc.

There are 2 type of Seismic waves:
1. Seismic Refraction e
2. Seismic Reflection

Characteristics of Seismic Waves

Types of seismic waves gre generated at shot point.
1. Direct wave: fravel near surface of the ground
2. Refracted wave: travel through the second layer of
the rock with different angle.
3. Reflected wave: reflects back from the interface
between two rock layers.

Baurce

locophone Rucaivers

36
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Seismic Refraction wvinm)

» Used in a shallow SEISMIC REFACTION METHOD
depth survey FrasySoss s
— Groundwater Sy ‘
- Mining
) - Engineering site
investigation

Seismic Refraction

v' The waves are refracted
through the layers before
returning to the surface

v' These waves hit the
boundary between 2 rocks
and then travel along the

boundary before returning
RSN £

Susii rf tion
duepecarth be

ugth dar eath
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T UACERED MOUEL T BESMES

SEISMIC
- REFRACTION SURVEY
- FOR ESTIMATING
- RIPPABILITY &
DEPTH TO BEDROCK —

s

Seismic Reflection wwuasipunas)

v Widely used in petroleum exploration.

v Used fo locate geological structure, in
some case stratigraphic feature
favorable for oil and gas accumulation. |

v' As a tool for stratigraphic studies.

v Reconstruct depositional history of the :
area.

v In some cases, seismic reflection can be
used to directly locate the hydrocarbons
themselves.

58
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Seismic Reflection

v The seismic reflection
method works by bouncing
sound waves off boundaries
between different types of
rock.

v The beﬂecﬂons record

susicn
Neongh deop coutls

Seismic Sources and Detectors

In seismic surveys, a shock wave is created by the

following:

1.Compressed-~-air gun - shoots pulses of air into the
water (for exploration over water)

2. Thumper truck - slams heavy plates into the ground
(for exploration over land)

3. Explosives - drilled into the ground (for exploration
over land) or thrown overboard (for exploration over
water), and detonated

The reflections of the shock waves are detected by
sensitive microphones or vibration detectors :

1. Hydrophones over water,

2.Geophone (seismometers) over land

417/2013
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Seismic Reflection in Onshore

Vibrator truck = Source of shock waves
Geophones = Detector

Seismic Source in Onshore

fa) i) {e!
74| v
B s
'
|7
21l
// /7‘4
/{///,‘/1' i./{/é
(a) dynamite (b) falling-weight (¢) horizontal-
sources force source
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Seismic Refleciion in Offshore

el ek waves s oompreseed
WOT2 erpailianigritaly ety than esplosives

hgdrophones - there are up o 3008
Fydrophones on a 3000m cable

. i
¥ i
s"'i'u Df relecte

LOEs o

Air gun = Source of shock waves
Hydrophones= Detector

411772013
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Steps in Seismic Survey

 gatheredbya

- specialized . -

Acquisition Proces

. field dataintoa

. Intense computer
- processing is’

“required to’
- transform the

meaningful seismi

Raw Seismic Data

The weighted average value of the shear wave velocity

data within the

depth of O to 100 feet can be used to

determine the International Building Code (IBC) site

classification.

F17/201:
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Geological Interpretation of
Seismic Reflection Data

1. Outlining of a sedimentary basin
2. Locating geological structures
Fault
m - Fold
3. Direct detection of hydrocarbon (Bright
spots)
4. Reconstruction of structural contour map
_ of the interested sedimentary layers.
5. 1-D, 2-D, 3-D and 4-D Seismic

2-D and 3-D Seismic Surveys

A gl vsiinb 1D caifics kR
datn pallactiaa bt olbostiing
Line showing Cube showing
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Seurce  Single sireamer wilh
. o hydnuphunes

Principle of
21D acquizition

F = Fressure wavey
& = Shear wayey

Survey lnes siten
Taaes agiand

Seismic
section

3-D Seismic
Surveys
Interpretation
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4D model

1955

What do we do after we find a
reservoir?

2013
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We Drill Into It 1!

Direct exploration methods: :

= There are 2 main methods:
= Drilling
= Subsurface Mappmg

Drilling
= Drilling in an area is often
the only way of being
absolutely sure what is
underground.

= The geochemical and
geophysical methods will give
a clue.

66
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® In the oil industry, many

® Such things as:

® These give clues about:

Stratigraphy: A Prospecting Tool

» Stratigraphy is study of the origin,

composition, distribution and succession of
rock strata.

» Stratigraphy correlation consists of
matching strata, fossils, rock hardness or

softness and electrical data from one well
to another or from one outcrop to another.

» The data are collected by well logs (driller's,

sample, electrical, radioactive and acoustic
logs) '

Down hole logging surveys.

ik

FWIEI 5
Y

Types of geophysical survey

can be carried out by placing
instruments down the . .
exploration borehole. AN L e

imaging Tools

AR
e

)_
,_m[fﬂ Py

+Resistivity
+ Sound wave velocity
+G&amma ray radiation

+Porosity and permeabilit| “Z51.
+Dip of beds
+Fluid pressures

41772013
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172010

How do Geologists Tell if the reservoir has oil or gas? -
Logs are tools run on electric cable (*wireline™) which record

the physical properties in the rock such as resistivity,

porosity, density, radioactivity, and pore pressure, -

Here's an example of what a log looks like. Geologists look at :
logs to decide whether or not to complete a well (if there is oil), -

or abandon it (if $here’s no oil).

Gamma Electrical -Par‘osify
ot Radiation| Resistivity - e
.
S Ghadel e
good o
Siistone parosity :
200
o Shale ol o
T poor
* Sillstane - resistivit R
‘ poor
Dolamite g;"obubiy porosity
warey P—
500"
g ( good
porasity )
- resistivit
: - Locks ¥,
fike may have peor
- sand | |~ L =i
) quality poor f/i
NS reststivit E geod
¥, porosity
probably Y|

WAaTEF
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Can you tell where the geologist would complete this well?

G Fleatileat Pazoslty

Tanliation Resintiviiy

pour relstinity,

probubly watce

]

7 (ﬁ%ﬂ HRight here! This shows a clean
sand, with good poresity and
eatt prabshiy water ﬁ o purosdiy E

S

resistivity.

Driller's Logs

» Common and basic information
v'Depth
v'Kind of Rocks
v'Kind of Fluids
v'Others

69
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Sample Logs

* Logs get from well cutting and cores
— Lithology sequence *

A VERbIGH wRLy fe0

Sample Log

Formation
boundary

[=]Lithology
(Description+sy
mbols)

70
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¢ ABC Logging B] ™
"

Mud Log

* Rate Of
. Penetration (ROP):
Drill Rate

> Lithology
_ (Description+
- Symbol)

~* Hydrocarbon: Gas
= & Oil show

Electrical logs

v’ Record the conductivity of the
interstitial water in the rock.

v’ Record the movement of the drilling
mud into porous beds

v Record the movement of formation
water into the wellbore

71
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W
Bovehole principle
Rale — very low resistivily: Waler-bearing sandstone — Jow pe
Hydrecmbon-bearing sandstone — high resistivity

Borehole condition

D‘Rc:ﬁisﬁvity of the zene
O“" Resisuvity of the wateyr in the zone

&-—n Water saturation in the wone

k
(BED THICENERS)

4172017
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Radioactivity logs (or radiation logs)

v Record the natural or induced
| radioactive characteristics of
subsurface formation.

v Consist of gamma-ray and neutron

v Both give an indication of the type of
rocks and types of fluids contained in
- the rocks.

v"Run in a cased or uncased hole.

GoAMA RAY, CF3 MEUTEQR, CP5 GLIARD
i Hn]

168 &0

4000
LEEAD — -

— i
5
Flack Shai) i
-§ E’
ISRONID q:;“ R
)

- 4038
= — :
- = P
0 'Z—L% [

Nﬁ;““} ,: fi i{%_u 4100
=]

I
My
r

FHEG
' c
i
"o fy &\\hx &g e
Rt miimcttns
- U i {) ——————h‘_‘w:»_ G. S"d T
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$

]

| Gamma ray tool

AN BTN

T Retcrding Trask

Gating )

RasTIMENT
o,

L

STIEE CEATEITIE
3 "'i:ln‘?&*@ﬁi;ﬁ%;ﬂ%gai

E——

il

! Ammitier

[N T
shambaf

Acoustic logs (or sonic logs)

v' Use to determine
the porosity of a
formation.

v Measure the time

it takes for a
sound impulse.

TG R # ]

v 18 misre amvarania {mi}

WA 2 60 QN s
e

COMPAGT
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rilling Operation
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Content

v Drilling operation

Development of drilling for oil
Drilling contracts

Rotary drilling systems

Routine drilling operations
Development of offshore drilling ;
Mobile offshore drilling units -
Offshore drilling plateforms '
Directional drilling

Fishing ;
Air and gas drilling -

vV VY

YV ¥V V V¥V V¥V V¥

%

Why drilling?
qadseed siodsnuanbhilasdundedmelumarintu iy

wanmsaasmanite (Principle of Drilling)

1. mevauiiebifeditlaaufindamenina i leawioredmasingun

(Drill the well to the targets with circulating -
fluid)

2. memepmguazansihmsas (Well control while drilling
operations)

3. mah Logging Casing and Cementing well

4, mmsreunauiiafiasinsndn (Complete well for
prod u C‘l’i on) Lmamiwmﬂaﬁumil‘vmLaa“ﬁsmma’ﬁmm@mmaﬂﬁa&m

b. & mmsw@aawauLLaf;ﬁivmummmmmam win memam‘ﬁaem s
VRIIAD (di”y we.l l) w;a‘mmawawmmﬁ[mmamumwmu,m vihmile
ARMHAAUATALTNMaIAE (Plug and abandon WEL”) g
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Overview of Steps to Drill a Gas/Oil Well

. vasmihmsdme seismic, wwire line log swsudayasusioud
. hmsevdnns (concession) sndsua

. dnasniFinadhsasazladnenuduaiunisas

. ﬁwﬂ%mmﬁﬁm&mmwa@iaﬂzﬁaanuﬁﬁqmsg@mz

. MIUBARHNAIINSFINAWEaMUIEIUAGUA

Oy Ot B W =

. Lm%'mm@ﬂ‘samﬁmﬁ@mwmawaaawqu (drilling and comple'rion
program)

. msamiamizadlegszya drilling contractors Wesedldsamihlasims
A5aN2

~J

8. 5’15’1@]%3@%@’1"@1&1?&Lﬂ?;ssw%aﬂ%'nﬂga program Tﬁ't,a’ﬁﬁ'ul,@%msmz&;&]ﬂﬁnimaa
dfsumn(contractor)

Steps to Drill a Well - cont.

9. vhmateatiunun neshwnk platform LEﬁS@@%&Qﬂﬂ%Eﬁ%@%ﬂWﬂmﬂ
awn u site. ‘

10, msvsspmerhadisanaemudlasensinussnads contractor
Senh pre*spud meeting: mwnmﬁwmmLﬁﬁﬁ:laﬁaunm’%jmﬁqmrnz

11. msyeiarz (drilling)

12 dowwisiwndoillantarinelundedsumsnmsyameaenty

13, sinsveseumgaans (Complete well): Taemwin Core
sampling, DST uwa: Wire line logging

15.  aedwunsimanda (Install surface facilities)

16.  Twnedvihmsnda dasiimaihmsiers ugumsedes laeineanudu san
M3 aTaniiei

4/17/2013
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History of drilling

Years Technical achievments

25000-15000 B.C. | Simple methods of rotation. Drilled stones, teeth, bones.
15000 - 3000 B.C. | Instruments made of stones.

3000 - 20C0 B.C. | Simple drilling bits made of stones.

2000 - 1500 B.C. | Instruments made of bronze.

1500 - 50C B.C. Ingtruments made of iron.

1450 B.C. Triple bow drill invention in Egypt.

500 B.C. Development of Chinese drilling up to 600 m depth.

221B.C. Production of oil and gas from the well drilled for salt
| production (China}.

1126 Drilling of water well in France, Artoi.

1420 Information about well construction by Jiovanni Fortana,

1714 Ttalia.

1751 Description of rotary driliing by Leman (Leipzig).

1847 Description of rotary drilling in Encyclopedia (France).

1878 First oil well drilled in Baku. '

1888 Patent of two-cone drill bit (Hughes),

1896 Patent of rotary table.

Project of of fshore drilling.

DEVELOPMENT OF
DRILLING FOR OIL

Antique drilling Rigs in Zigong,

China

Fig.: Drilling installation in China with pereussion deviee in ¢a. 600 before Chr,

41772080
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R TR

Antigue drilling rig now on display at Western History Museum

in Lingle, Wyoming, it was used to drill many water weils in that

TR g

area—many of those wells are still in use

Drilling Contracts

1. Drilling rigs dwlminnsds 155w oil and gas
exploration and production dmmsamsusssda

2. Drilling rigs #wlmdfwinesibidnsisnbilumsdmuasnnes
wiiniuleanas drilling contractors

Drilling contractors iy ﬁdrilfing equipment),
AT UAIT T, (e,xperhjse and labor) finde fvhaulii

e N AL V. S R S LA S ) : T o M owe

uimbals da Sl myhd e umnsaiesldtayauansuay
Y v oA Mos o

sadufalenmpnnifadeiefoslduamanmeasenamena
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Drai!mg Contract Types
ﬁ%’e]ﬁ]ﬂ‘i.}ﬂla@ma\‘lﬂll N‘ill LWSJ')’J'!Q“’?']Q'NLLSJ?JGZ,@]

1. Day Work Contract. A day work contract is "a contract for the
drilling of an oil and gas well under which 'the drilling contractor
furnishes the drilling crew and drilling equipment (mshearadumeiv

2. Footage Contract. A footage contract provides that payment is
made based on an agreed sum per. foot of hole drilled. Much like a

day work contract {m‘aanymmammmwanmmu)

3. Turnkey Contract. A turnkey contract is a contract wherein the
drilling contractor drills the well, establishes production and

Turns the completed job over to the operator for the amount
specn‘led in the contract. (msu.mwanfl-mnmwmmmma ﬁiannwwﬁmmnmawam)

4. Combination agreements: the based for payment are
combination in the final agreement.

UszNYBINqNAALAL

msnfimLm'aﬂizmmaawau@w%mgwmﬂqumLsm aanlaiin 3 Usziaw safh

1. Exploration Well #s vguiivmszaanzlulassadhadsslainsumi
w =y = ar i =1 [ :5 17 ) o
Forinziltilasdoninifivagute i dumsgmamiadunilosdes

2. Appmlsal Well aa wanAImage@Iznamnfifinsauwulmaenn
dutllasndouudd Lfﬂ%m‘sﬂ;grmmxLﬁa“f,ﬁ’mznﬁwa‘nsfu@LLasﬂ%mms‘hﬁawa«%;méaﬁﬂ

=
541

3. bevelopmen'r or Production Well & wam?;ﬁ'lmﬁa;m
La’i‘"slumnmmmmmmI,memﬂiml,aﬂmnLnﬁamﬂumi“ﬂmmwmam

ﬁIﬂiLa&lN‘B%NWT‘H

80
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ROTARY DRILLING HIGSI

o ;EBOTTDM SUF‘PORT_' [F'LGAT!NGI iCDNVENTIONﬂL’ iMGBILEI

I
1S€M!SUBMERSIBLE[ IDR]LLSHIP‘ IJACKNIFE] EiPGHTABL.E HAST]

T

[
(PLATFORM' IBARGEI LJACKUP]

{ ] Classification of rotary
: iSELF CGNTA!NEDI ]'TSNDERED' @?ﬁéﬁg ﬁgﬁ

1. msazvgudsnuuwun (Onshore)

1.1 wiwmzuuueawns
TULUA
(conventional
drilling rig) duuiw
mzﬁﬁ%&a‘iﬂmmﬁ,mz

aualsznavehey Tugfiga

S =
ﬁ?ﬂd?‘iﬂ%‘%’i&lﬂﬁﬂ%&']ﬂ?}?ﬁmd

30,000-35, 000 W&
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1. MSAZUGNE 15ALULA (OWShor‘e) 518

1.2 wiwanzuunedausheld
(Moblie Rig)

[~ 1 éd ar &

sl ane et
lasssdrsuuuwanasdesnansg

ar 5£ [ va o '
wuliausuld Gadsagun
AUTIYNAWIG (ua) v fensnss

¢i 2 1 Rt
maaummmums‘l@a BNIEHEAIN

Mobile Land Rigs -

O
e
e
.

Jacknife rig Portable Mast rig
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DRILLING RIGS
- Offsihore

Onshore

10,000 ft 400 ft max
4,000 ft max 50-150 ft

2. ﬂmquuﬁﬁ'eﬂw&a (OffSh@P@§

2.1 uvwanzuuuniidenunzs APURIIAANUNA Do

LLSJﬂIEJ% 2 UL @!1&!5ﬂ1§'§%ﬂﬂ'§ﬂ§f’%ﬁ~ﬁlé}&§'¥%

- 2.1.1 wiwanzuwuiansu (jCICk up)

ol

U RS UT LTI N B I S A N O A BTN

o
I~} ng ] 1 = ng 1
asldBefunsia Taedwinanvesurwaizanni lassus 3-
k-2
5 91 basnaazedanuenailszanas 300-500 Wo Juagny

-1 &
mmﬁﬂmaﬁmgmﬁlm%mmﬁu
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2. mswanzvgudena lunsia (Of fshore)

2. maaeipuaes nze (Offshore)

2.1.2 wiwnzuuuguiedn (Fixed
platform) duswansitenlddmsommae
Tlamduamdmmnmmaasauistauds mmedumssdeiu
diaasi mandelusvaren Seasinoaniunazadia

AR

34
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2. mfimmq&lﬁmﬂmm (Offshore)

2.2 wimnzriauiuseslnsfafofuiumsadisans Siuruaned
gﬂaamwﬁmLﬁa‘ﬂ%’é'mmﬁmﬂﬁa%mﬁ' £ 3 wyy
2.2.1 wudseaun (barge) dwdegasuuu fansel
memshansaguyde dhlfasifusmelahauviauinm
nesashy Aflszaui lifnannsin shazgnuaazdrchiBaludoud
Bendt dasdinm Lﬁa?]%m‘sdqaﬁ]}ﬁﬁﬂL%q\lﬂﬁlﬂgavgﬁslwmzﬁﬁ%
msiate dislsistanasthmsguhesniiie Misaaoeis

2.2.2 LL&J&JL%aQémmwm@lmg (Drilling Ship) dusge
e ajlaynsaimsinziiadaaguuia din dasudnndifisdui
TaiEnsnnin TasmwzTunzia

2. M‘iL‘%’iz‘iﬁq&lﬁ‘!ﬂﬁlng‘}']&ﬁ (Of‘fShOi"e)

2 = s A
STVIN 2 R LRSI Wi i i gy s

Barge

172010
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Drilling Ship

S
: %’}"g%;%@ ;ég . @% &?x%
hg{ﬁ?},f o
w 5‘1‘@;}“25 :
e

S
o

_ B1CHULT
4 Gk L
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Major
Components of a

Rotary drilling
Rig

|

BParrick

Rotation Drilling
Systems

1. Power System -

2. Hoisting System

Blowout
Pm\mn:m: £

o

LA T ]

Emgines )
wwetumtable 3. Rotuting System

Spare Plpe,
sareERt .

Easing 1 i
o

-
/
ori string L |

PAlt Collar sl

4. Circulation (mud) Sys.

™,
()"‘ N .
Elettrie Mud and Caslngs
Senerstor

3. Well control system

- Bit

6.  Well monitoring system
DRNL g BT Wby

Anatomy of an oH rig

88
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1. A Rotary Rig
Power System

[EEPIERL S TN

Iurem e

&

Hb$EE R b SR

2. A Rotary Rig
_ ks Hoisting System

)

CROWN__#lj
BLOCH -»«-#'

DAILLING LINE
{8 LINES ARE

STRUNG
EASTLING :

TRAVELING BLOCK

DEADLIMNE
ANCHOR

HOOK,

DRAWWORKS

ORUM BAAKE

Trariss 90 A ROTAHY MLG HOTING SYSTEM
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3. Roftating Sysitem

Crown Aloek

L]

Kelly
+ Swivel

Frezeiln

Blozk =y

#
Sabvelns

Eally "
retmeg, e Rotary table
l « Drill pipe
£0elll Plps .
;j « Drill collars _
’ - Bit

i3 Collae Bl 3.8 Closeup of the

. 2ty spite showiing huw
ﬁ Boenlt iixglgcﬂy fis inta 1he volary

Flgaze 17+4  ‘The tary svsters

Type of drilling bits
1. Roller Cone (Rock) Bit

TGEIey
Corkide {TC1)

i

Mite
Tooth

Mill toth Tungsten carbide Insert

2. Polycrystalline diamond compact( PCD) Bit
-_ e . ..,gﬁ oo -

steel body
matrix body

90



7534203 Petroleum Industry 1772013

Type of drilling bits (Cont.)
3. Diamond Bit: natural diamond, thermal
stable polycrystalline diamond (TSP)

T,

4. Other Application Bits: core bits, bi-center
bit, drillable shoe casing drilling bit

4. Circulation or Mud System

* Th system is used t drilli dd
the gg}ijl?s r’ing arlid %aeccf( u%gr%m ergutj‘?gcrgg own

Function of circulation:

1. Control the subsurface pressure via mud
weight

2. Blow-out preventers (valves)

3. Prevent the hole from collapsing
4, Cool the drill bit
5

. Remove the drill cuttings

» Drilling mud is a key element of the drilling
process, If the mud weight is Too high the
reservoir may be damaged, if too low there may

be a blow out if a high pressure zone is
encountered.

91
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Drilling Fluid

Type of Drilling Fluid
1. Water base mud
—  Fresh water base mud
— Chemically treated mud
— Calcium treated mud
— Salt water mud (brackish mud)
— Qil-in water emulsion mud
2. Oil base mud
— QOil base mud
~ Water-in-oil base emulsion mud (invert mud)

e 436 e wad g e
AHilline ddakk thropah e covatar
g7 Svatean

The Drilling
Mud System

ERNNCE

Fiypra £.27. Tis Croutabin

417291
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Circulation (mud) System

53
el

=

t Swivol

Huslly

AR
Pl

Wi Pits

- Annulas

g~ DTiE
Soilar

Horohoto
Bit

Mud circulation in the hole

The Drilling Mud System

L 1 Clean drilling mud is taken from the

steel mud tanks and pumped down the
4} the mixture is inside of the drill pipe.
circulated across

screens at surface
3) the mixture of drilling mud

and drill cuttings are circulated

6} Clean mud falls 1
through the screens ajd

up the annulus

is returned to the pits

5) the drill cuttings are remoeved, and form a 2) the mud is circulated through the drill bit

cutiings pile. This can be hauled off and into the annulus, lifting the cuttings removed

disposged off by the drill bit.

41772013
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5.

Conventtan med punit
o Fodener

= TR
st

Feil

5
:
CoMrwrdsreLlyv. i

Simapa A2 ,.,,‘5 g

i

A comvanional weil control dess
wiel control dasign {r ght).

BOP system

WRFT w2 Lo

g
e

oo

™

w piegr
o pELH

Haft) and

ell control system

i

_ 1. Blowout Prevention

d172000

The activities involved in

well control are:

Program (BOP)
Monitoring and _
Maintaining Mud System -
Tnhstalling BOPs,

Accumuiator, and Choke

Manifold

Testing BOPs

Accumulators, and Choke <
Manifold

Maintaining Surface

Control System -

6. Well monitoring systems

94
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Depending upon the remoteness
of the drill site and its access

1. Onshore Rigs: fransported
by truck, helicopter or barge.

- 2. Offshore Rigs: built on ships
or barges

- work on intand water where
there is no foundation to
support a rig (as in marshes
or lakes).

Drilling Operations
: Work by Field Engineers, Drilling
Foremen
1. Well planning prior to SPUD (start to drill)
2. Monitor drilling operations

3. After drilling, review drilling results and
recommend future improvements
- prepare reporf.

4. General duties.

What are the well requirements?
Target: objectives, safety, cost

Setting Up the Rig

4172013
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Routine Drilling Operation

Drilling continues in stages:

» After SPUD (start to drill)

» Continues Drilling
» Then run and cement new casings,

» Then drill again. When the rock

cuttings from the mud reveal the oil
sand from the reservoir rock,
(reached the final depth).

# At this point, remove the drilling

apparatus from the hole and perform ;

several tests to confirm this finding

@)
SN

a8
T
")

G
Z%f:%jf

£

o
7

6]
W

i

o

Making a

Coanection

| A b

BASC RIG (OMPOMNEMTE

Bit, feck
Hiock, Crewn

Disek, Travelng

Boller
Bathtag, Drive

Engine

¢

e

{5y
Flow Lina, M {53}

Tripping;: the operation of hoisting the drill stem out of and returning it to the welilbore

i
Sy _.::‘1\)
A & 3
& T
! “
i

e

N

R:‘a“"\@&%‘@%&
\&%&\\*‘\\\\QA:\\‘_—';m 2 -
RTINS

%;—‘E‘»\i\‘\i‘é o

i Hosk, Rutaty
17 iosn, Rotary

i Vi AT

Making a

Trip

417201
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{ . - ISRy - BIMRLE
| i e CAGE mAZK

Gaa i A P 9////3;’// 4’?';:%/%/7-/
. Making 2 mousehole connection

Mousehole Luwau i iswsiwnvafianiwnifuws (ripping) Tagdher Kelly Tdaririe

i Mousehole LLRE

!

: Moving Kelly

¢ to Single in

- Muousehole

Single Added. |

Ready to Drill

e

a Ervss o W
i G A e b
G A
I % et Ve
G ; s
Gl Y SIS

Making a mouschole connection - cont’d

97
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Making a trip

S Put Kelly in

- Rathole

Rathole i0unauniflismindnia Kelly fin

Igdnn

=4

!
:

4172017

Making a trip - cont’d

- Why trip?
: Use Elevators
for T
tripping
= Fripping one
" stand at a time
60-90 ft

93
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Casing

- Function of casing

| Prevents caving of the hole
Prevents contamination of fresh water zone
Excludes water from the producing formations
Confines production o the well bore
Provide the anchor for blowout preventers

| Seals of f troublesome zones to permit deeper
drilling

Facilitates the installation of subsurface
equipment required for artificial lift

ook W

~

Type of casing

Conductor pipe

Surface casing

Intermediate casing fomdsrpee
Production casing

. Liner or perforated
i n'i'ei"val prteomedhile RN

Senlace casng

N

Pege 0 B0 CAEIE s

Pernmyes MEGal e

94




534203 Petroleum Industry

. Surface casing: use for control gas and the protect

. Liner or perforated

417201

Function of Casing Type

. Conductor pipe: the firsfcpipe string run on location, it

set by driving or hammer down on ground, Tt ?roTecT
the soft formation from caving in.(structural base for
BOP and well Christmas Tree)

Treshwater zohes (Rig up of BOP; required by Law)

. Intermediate casing: secure the well against collapse,

lost circulation, abnormal pressure and éther down:
hazards.

Production casing: set at production zones and

facilitate production tubing and other well completion
equipments.

interval: the pipe string which
not come to surface but suspended from the casing
above by using hanging device.

Here's a picture of the drill bit drilling the rock.

The drill string is turned at
_surface, which turns the bit at the o &

bettom of the hole. -

The teeth on the drill bit grind
the rock inte fragments, or

“cuttings™.

:_- Drilling mud is .
~ pumped down the iﬁside of
the drill pipe, through jet

: npizles in the bit, and i_nlb' :
the “annulus”, This is fhe N
space bc;weén the sides of

the hole and the.drill pipe.

 The mud lifls ihe cutiings
. and circulates them back to
surface where they are

removed.

160
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Here's a sequence showing how holes are drilled,
First, 2 large drill bit is used to drill a Then, stee] casing is run and cemented on the
AAAAAA short interval of hole. outside to keep the hole from collapsing.
o
2007
s 0
Next, R . :
N a smaller bit is run Then, this new
inside the frst hoie s also
casing. cased ofT and
— o4 cemented.
This bit drills cuwt
the bottom of the
casing, and drills 2000
new hole.
h 500°

{1H]|
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e and s )
Again, a smaller hele is S and smalier

drilted out, feasing isrun |
“to keep the

hole from

 falling in.

Development of offshore
drilling

* Offshore drilling typically refers to
the discovery and development of oil .
and gas resources which lie
underwater.

* Start 1930's petroleum exploration
companies realized that oil and gas

reservoirs existed in shallow waters
offshore

02
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Offshore drilling rigs

10,000 ft 400 ft max
4,000 ft max 50-150 ¢

Mobile offshore drilling units (MODU)

Drill ship

172013

103
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lobile offshore drilling units
(MODU)

MODU is a genetic term for several classes of
self-contained floatable or floating drilling
machines such as submersible, jackups, =
semisubmersibles, and drilling shipe.

W

(MODU

Submersible rig was a posted barge. It
consisted of a barge with several steel posts

attached.

JACKUP Modu is a self-contained combination
drilling rig and floating barge, fitted with long
support legs that can be raised or lowered

independently of each other.
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obile offshore drilling units
(MODUV)

Semisubmersable is a particular type of
AAAAAAA floating vessel that is supported primarily on
large pontoon-iike structures submerged

below the sea surface.

Drillship is a maritime vessel modified to

inchude a drilling rig and special station-

keeping equipment. The vessel is typically
capable of operating in deep water.

The Discoverer Deep Seas
drill ship sits off the coast
of Louisiana as Chevron

driils for oil in the Gulf of

Mexico.

: P e

— e : S o ;}/{\i}\i@‘
0 - :

Drilling off the coast of

Cuba.

103
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Oﬁshgrfg drilling rig.

T Tan ey

=

HAZ ENTHY CONE

Subsea Equipment
Installation Procedure

P
| lom-6uE LinES
~GUIDE BAST

vk

T T T e T

WEILHT
MATERIAL

1. POSITION VESSEL

ON LOCATION

2. INSTALL GUIDE BASE

BUNMFER 1R

Tuang -
G SES FIOOR

TIRIETITT L

3. DRILL COMOUCTOR RILE :-:..'.: :
AND COHDUGTOR GASING |
HOLES AND INSTALL GASING.

TR SLIP JUINT
EE e MARINE RISER

e B B KILL
. LINES S

FLEX JOINT

e BOP. STACK:

e GHEE
TABSEMELY

et CONDEICTCR
o CASING -~

L CRLL STRING

— BT

4. INSTALL BOP STAGHK AND.

MARIME RISER

H12085
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L rEAVE
PRELMAT LOMPCNTATOR

TENSIOHIRNS

Schematic of
Equipment for
Marine Drilling

F:aTaear -

DEILLING T,
YEBBE L

s SE A LEVE

417
ANCHEH 7
LINE .

1. Floating

o

SUDSEa BOE SYAC

Lo gl g
») Y A8 &2 FTY
4, Ty ki
" SEA FrLoCR ¥ - sYEm

e

e RILL E

e BHUTARE R SUG

— GRILL COLLANS

H
i

b — = 4T

—_ . —— - LR e b el L R s s R T P T T I 1 oY )

Offshore Platform Type

4172013
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Fixed platform

A Tension Leg Platform

2,000-10,000 ft

2k

=semisubmersinie nlstform

o
e
L

S

g T

g

AT

jack-up platform

A Floating Production System
(FPS)
1,500-8,600 1t
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Platform installation

Erawan Plat

41772013
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: ﬂfswﬂamaa@maﬁmwmammu

1.

.2.

Special

1. Directional Drilling

. il lasides (EPGWG?! Tanker or Fi@@‘i’%ﬂg

417201 -

Ex: Emwam Pia"ﬁ*f@rm

o

SRR GHIEL {wel! pim‘?@rm) Sadrnn 12 wiv awminn A-L
%w,ﬂ“mmwmamﬂ i :

wivedadas {Premote processing platform) 44 wiude =
win B, C, D wss B sfelugivwnwamdn B, C, D, E dammbin
lesdumnuudndinaoumauen gas, cond ensm‘e or oil

and water ﬂwﬁmmf ivhdadie iduhidanans

. WinNAanaS {central pmcessmg P G?f@i‘"ﬂ’!} fnriude by

ORI TEy S L Py pe?roieum A fuiise

. wrinfivinad (]W??’ig quarier p latform) Doy

‘E}JQa"%ﬂx,']“‘.%’\jl‘tﬁaﬂ‘*lﬂi‘,%aﬂ“d"ﬂ_5 HUMEANSY LRz VMP"W} A

s‘%‘omge unit) Suirniiu condensate srumdshen evhmen
thauszdmberiour Uay uadsaansiaisens

rilling Procedures

2.Fishing -
3. Air and gas drilling |
4. Foam drilling
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1. Directional Drilling

What is Directional Drilling?

Directional Drilling (DD) is the well bore
is deliberately deviated from the vertical
along a predetermined course to a target
reservoir.

Basically it refers to drilling in a non-
vertical direction. Even "vertical” hole
sometimes require directional drilling
techniques.

41772013

it
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bjectives of directional drilling

1. Multiple wells from single structure and/or
location

Shoreline drilling

Fault control

Inaccessible location: under building -
Stratigraphic traps (salt dome)

Relief well control -
Sidetracing off the obstruction (fish)

Reducing well course to more promising -
targets

O NN

Directional Land drilling

Imareesubly lacasis
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dnltips wz

T, P A AL A A AR
RV NS A

i i P N

41772013
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4177201
Why not drill .
from top of
mountain? -
Fig: Drilling of directional wells where the reservoir is beneath a major
surface obstruction. i

Cement Plug ; Fish Lost in Hole and Unable to
/ Recover

Sidetracked Hole Around Fish

g
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Using an old well to
explore for new oil by
sidetracking out of the

casing and drilling

directionally.

Directional Drilling

Type IT

Build-hold-and drop for

the case where:

. Ny

01d Oil Reservoir

Gil Producing Well Ready to
7 Abandon
N
Sidetracked Out of

Casing

Possible New Of

n oi Kickofl

i End 0 i Bllﬂd :

: Maximum

7" Inclination Angle

4

-

17201

)
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Typel Type i Tvpe Ui

(] shape) (S shape) (curve shape)

- Build - Build-Hold Contipuous -
and Hold and Drop Build

Major types of wellbore trajectories

BREIMTAg)

Horizontai gﬁ;ﬁ
.

. Departare to

Tdrgc.t ’\\\'

ll \\\g
VAN LT
A N 8L Build-hold and Drop (8 Type™) o
- Buiidand Hold Type 7y N N S B iid-old Drop andior Hold (Modified
NN
aoBN \ \;; "8 Type)

~IHN
\:\\ /37
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Directional Tools

1. Whipstock
2. Jet Bits

| 3. Downhole motor (mud motor) and
N bent sub |

{<)

Figg. .33 —Technigses for making s posittye dirooton cloargms.
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1. Setting a

> Small bit used to start

» Run whipstock to the
KOP depth

= Apply weight to:
—set chisel point &
shear pin

Drill 12'-20'
Remove whipstock
Enlarge hole

-}

L]

2. Jetting

* Wash out pocket (One i |k

nozzle: big boy) s
= Return to normal drilling (3! |¢
Survey

> Repeat for more angle if
needed

* Good for soft and '
unconsolidated formation §

» Good for anti-collision
purpose

o ME R e

s
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172013

Jetting

* Fast and
economical

* For soft formation

* One large - two
small nozzles

* Orient large nozzle

» Spud periodically

« No rotation at
first

Motors and Bent Sub

Dritlpipe

Non-magnetic Drill

Collar

Bent Sub

Mud Motor

Rotating Sub
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rectional drilling operation

1. Drill the vertical (upper) section of
the hole.,

2. Select the proper tools for kicking
off to a non-vertical direction
(inclination)

3. Build angle gradually

Increasing Inclination

. e 5 w-:fe«lwwn-wm.-rp..r.
» Limber assembly e iﬁ?ﬁfggzgéz:ﬁ%%?ﬁ-
(aﬁmai“ﬁ@a\l,ﬂ”) ; R A A :
° Near"bi'r stabilizer o -orEeS el TR
(v )

* Weight on bit To
bend to low side of
hole {amwminlifsumusialy
iildagm)

° Bit face kicks up oh

mawElaeiagsz )
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Hold Inclination

* Packed hole
assembly

(leaunsalifis s

» Stiff assembly @i
fldaihbivamnideas)

 Control bit weight
and RPM mueueiminues
VIR EBaEITINNNTWRIMTAE)

P *
‘ »{;}\?ﬁ%z 3
A

e Pendulum effect

(letgnaiu)

° Gravity pulls bit
downward

 No near bit
stabilizer

4172013
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> Directional well bits can be used to straighten a
hole, deflect the hole from the original dry well

o intersect a

reservoir, Kill a wild well that is

burning, or sidetrack around a "fish"

2. Fishing

"Fish" (an object that has become lodged in the hole

and cannot be removed).

' Fish Lost in Hole and tnable to Recover

: Cement Plug

7

1
FISH LOST IN ™

TO RECOVER

MOLE ANE) UNABLE P,
.,

/
v

Sidetracked Hole Around Fish

L7

|~

417201
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4172013

Sidetracking around a fish.

Cement Plug Fish Lost in Hole and Unable to

” / Recover

Fishing
The application of tools, equipment and
techniques for the removal of junk, debris or
fish from a wellbore. The tools and techniques

employed and the process by which the
recovered fish will be handled at surface.
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o

These devices generally fall

-]

1]

@

-]

417201

FiShéﬁg T@@E Typical Fishing String
A general Term for special . Haospeioht érlgon

g‘;f‘

mechanical devices used to
aid the recovery of
equipment lost downhole.

. JaF aooeleritor

. il collars or
heawaya izt drilipipe

L Jar

into four classes:
Diagnostic (msmam msifast)
Inside grappling @hiudly)
Outside grappling @hiusmuan)

Force intensifiers or jars @
nIviL)

.. Buprgper 5yl

. Hvarshot

3.

» A drilling technique whereby gases (typically
compressed air or nitrogen) =

» used to cool the drill bit and lift cutting out of
the wellbore, instead of the more conventional
use of liquids.

: Advantages of air drilling
L. Much faster than drilling with liquids
2. Decrease the lost circulation problems.
: Disadvantages of air drilling

1. Inability to control the influx of formation
fluids info the wellbore

2. Absence of the wellbore pressure

Air and gas drilling =

124
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Gas Drilling

- First commercial drilling was with gas in
the U.S. (1940's)

Common Drilling Gases
. Air.
* Natural gas.
* Nitrogen.
* Engine exhaust (Nitrogen).

Gas Drilling,
N& Producing 3MM SCF/day

41712013
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MNatural Gas for Unbalance
(UB) Drilling

> Available.

»No downhole fires.

>No corrosion.

»>Low cost, long term contracts.

Western Air Drilling, 194

First Widespread use came with development
of portable air compressors.

eV ToTi ki
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Advantages of Gas Drilling

* Increase drilling rate.

* No lost circulation™

- No differential sticking.
B » Minimal reservoir damage.

Problems with &as Drilling
- Water. (nﬁmé'ﬂ!,ﬁ'mwaai?)
+ Washouts, especially in coal. msszdiuu
AGAW)
- Corrosion. (iansaw)
- Downhole fires with air. mssnlusf
+ Crooked hole. (MEAAI2BINN)

127
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4. Foam Drilling

FOAM

Has the greatest potential of any of
the "Light” fluids.

Advantages of Foam Drilling

* Great liffing capacity. 10X of mud)

* Controllable BHP (borehole pressure).
- Increase drilling rate.

* No lost circulation®

* Minimal reservoir damage.

28~
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. TdFrg

CAvrker rord

Course Contents

» Early production methods

> Well completion

> Well testing .

= Reservoir stimulation

* Reservoir drive mechanisms

« Artificial lift

» Improved recovery techniques

« Offshore and arctic production
* Production Costs
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production method

Drilling continues in stage:

* Drill in depth and then run
and cement new case

+ Drill again until the rock
cutting from the mud reveal
the oil sand from the
reservoir rock (Final depth)

- Remove the drilling apparatus

ra R H {
A A RAIZNALALA

- Well logging
Drill-Stem testing (DST) > -~
| Core samples

(30
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...... | | Test to confirm

,,,,,, Perform several tests to confirm this finding:

1. Well logging - lowering electrical and gas
sensors into the hole fo take measurements
of the rock formations

2. Drill-stem testing - lowering a device into
the hole o measure the pressures, which will
reveal whether reservoir rock has been
reached

3. Core samples - taking samples of rock to look
for characteristics of reservoir rock

¢ In this way, the hole is drilled in stages. until the farger reservolr rock is penetrated. A1 this poirg, the geologists must

¢ figure our if there s ol or gas in L
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How do Geologists tell if the reservoir has oil/gas?

They do this by minning logs across the zone. Logs are tools run on electric

cable (*wireline”) which record the physical properties in the rock such as

resistivity, porosity, density, dioactivi!;y, and pore pressure.

4177201
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Open Hole Well Logging  Cased Hole Well Logging
P o s e

g
%
v
3

Well Logging
Type

1. Open Hole

2. Cased Hole

- Gament |
< Caging |

Well logs are the main tool for Characterizmg awell

The book has a reasonable summary of the different
types of logs available and the principles behind them.

Geological Well Logs

« Lithologic Logs
- Spontaneous Potential (SP) | |4 3 {1
- Gamma Ray (GR) B L \,
- Porosity Logs Pl |
- Neutron b ! 2N
N _ Deﬂ‘sl.[,y » ‘ 2{& (\
- Sonic . {01
- Resistivity Logs (Fluid Type) - |1 ; I8 P
_ ~ Resistivity f < 1IN
- Induction R = { . ¢
- Other ! S %
- Dipmeter : ) Jh oS
- Caliper : °§ ! }
- Temperature : K 20

- Many more ...

203
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A7
. * Gamma ray (GR), SP,
Well Logging Resistivity (Rsn, Ril),
Neutron (CNL), and Density
(FDC) logs to identifyagas- 7
[ ies o rich zone.
Cressmryl  CUROSIY OvERLAY
H frighi B FANDSTUNE POROSITY ipul
b I ay a0 i 0 —
*The Gamma Ray and SP
indicate the location of the
reservoir bed, the high B
Resistivity at the top of the
bed shows that it is
saturated with
hydrocarbons,
— " *The cross-over of the
Fig 34 e ONLEDC ovavlay rmn!iug gas zonz in .
cleaizer part sf }:amf. As S&F:tg{x by Neutron and D€n5|TY l095
Canmria Ray the npper part of the i
fe‘;:f;?]fs rz';;‘lg‘. ,fF?Ui;{’ Re';}fi, vuyr;vi_vi] Shows Tha‘i‘ The hyd!ﬂocarbon
WL in guestion 1S gas. .
Here’s an example of what a log looks like. Geologists look at ogs to decide
whether or not to complete a well (if there is 0il}, or abandon it (if there’s no oil). -
Sand m_.;, — p—
S Shale oand
Silistone ~ o
. IR R _5._5&1‘;;. T —" 2 o
SRS Rk E T Sione’ L i gt
o Dodonuite porsiy
: i
R | %
O T =T .
) % -
4 Y]
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Can you tell where the geologist would complete
this well?

Gamma

Electrical Parosity
Raudintiom

Rexistivity

2| YRight here! This shows a clean

sand, with good porosity and

resistivity.

LS

5
E BECE AL BHVE

Koy
Y

| CORING
CBULLEY

—
o carcrse

I
@E@}j} DUMOND 08

S RATON 87

Plgmea 13-3 A votary e3ring . \
it aised 10 fake 4 core. iz‘;r:;:‘ A sidara cor

b

1" Sidewall cores are collected b lowering a tool that has
hollow sampling bullets attached with a wire. Small
cy!rindrical plugs are recovered when the tool is pulled back
out,

2. Conventional cores are cut with a bit that cuts a cylinder
of rock and traps it inside the drill string.




[l

by
]

d
&

2

0

-
A

Petroleuny Industry

Whole Cores

If the well looks good on the logs, we run a final string

of casing across the production zone, and cement it in place.

5607 [faM

477201
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Drill-stem-tests (DST)

Test the fluids in an
e p——— open hole by se‘rﬁng
i gack_er's above and below
he interval of interest.

This way a unit is
isolated and the
formation fluids are
allowed to flow into the
drill string.

[=] This way the formation
pressure, and
permeability can be
measured and the
formation fluids
sampled.

Flgures 38-2 A drill stem
teatl.

Then, we run perforating guns in the hole and perforate (shoot

holes ) in the casing across the productive zone.
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Production tubing is run, with a packer to isolate the

produced zone from the casing above.

tbing .

Finally, the well is produced into a

pipeline, which takes it to production

facilities on surface.
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Extracting the Oil

Alter the rig is removed, a pump is placed on

the well head.

Casing

----- g Tuking

s R - : Unbeators |
. gt
2rfary

PRODUCTION

¢ Production is the operation|
That deals with:

v'bringing hydrocarbons to;
the surface
v'maintaining production

. v'Purifying (Separated oil,
gas and water),
Measuring, testing

» Production begins after the well is drilled.
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PRODUCTION- Purifying

The mixture of oil, gas and water from
the well is separated on the surface.

m The water is separated

s The oil and gas are treated, measured,
and tested.

PRODUCTION

m After a well is drilled, the
operating comﬁany
considers all the data
obtained from the various
tests run on the formation
of interest and a decision is
made on whether:

> 1o plug and abandon the
well

» Yo set production casing
and complete the well
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PRODUCTION

m If the decision is to abandon it, the hole is

considered to be “dry” not capable of
producing oil or gas in commercial quantities,
can not justify the expense of completing the
well.

Therefore, several cement plugs will be set
in the well to seal it of f more or less
permanently.

m If the operating company decides to set
production casing Well Completion

WELL COMPLETION

* Completion (well):
All operations (fubing,
installation of valves, R
wellhead, perforating etc.). =~
to bring a production well sweon—
into operation. S

O S0

41772013
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WELL COMPLETION

Well completion allows the
flow of petroleum or natural
gas out of the formation and
up to the surface.

s It includes;

1. Strengthening the well hole
with casing,

2. Evaluating the pressure and
temperature of the
formation,

3. Installing the proper
equipment to ensure an
efficient flow of oil and
natural gas out of the well.

WELL COMPLETION

m Tnstalling casing in the well
is an important part of both
the drilling and completion
process.,

B Casing is used;

v’ 1o strengthen the sides of the well hole,

" ensure that no oil or natural gas seeps out of the
well hole as it is brought to the surface

v to keep other fluids or gases from seeping into the
formation through the well.

= Cement is then forced info the annulus between the casing

and the borehole wall to prevent fluid movement between
formations.

A72000 7
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WELL COMPLETION

Some of the casing
strings:
#Conductor Casing
= Surface Casing
® Tntermediate Casing
= Production Casing
2 Liner String

ot COROUCTOR
CASING

e CERERT

GERMEHT - - - GA3ING BHOE

Function of Casing Type

1. Conductor pipe: the fir‘sTOpipe string run on location, it

set by driving or hammer down on ground. It protect
the soft forfmation from_caving m.%sfrucmra base for
BOP and well Christmas Tree)

Surface casing: use for control gas and the protect
freshwater zohes (Rig up of BOP, required by Law)

Drilling
i
[3%)

3. Infermedjate casing: secure the well against collapse,
L Eﬁs? cgcu!a‘hon, abnormal pressure and ather down
azards,

4. Production casing: set af producﬁon zones and
facilitate production tubing and other well completion
equipments.

Liner or perforated interval: the ﬁ{'pe string which not
come to f\urche but suspended from the casing above
by using hanging device.

‘Production
i

4E712013
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Production casing
» Production casing or oil string or long string

* The last and deepest string of casing run to
the well

Size of this casing can be considering from

subsurface condition:

1. Subsurface artificial lift equipment required
i.e. gas valves

2. Multiple-zone completions requiring several -
string of tubing

3. Type of completion method o be used: open
hole, perforated casing, screen open hole, or
screened perforated casing

4. Prospects of deepening the well at a later date -

Production casing

ol
: praduced L
[ o salace

Casing

[87)]
Tuough
wriaration:
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Tubing and packer

® The well is not produced through the casing. A small
diameter pipe, called tubing, is used to transmit oil or
gas to the surface.

= A device called packer
that fits around the tubing
is lowered just above the
producing zone.

It expands and seals of f
the space between the
tubing and the casing,
forcing the produced fluids
to enter the tubing to the
surface.

PERFORATING

B Casing must be perforated to allow liguids to flow
into the well. This is a perforated completio

w Perforations are simply holes
through the casing and cement,
extending into the formation.

" The most common method of
perforating is using shaped-charged
explosives.

= A perforating gun is lowered into
the well opposite the producing zone
onawire line & fired by electronic
means from the surface.

72013
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ﬂ%@auﬁﬁmﬁs‘?\?m@ ( Perfora f’l??gj —

If the well looks good on the logs, we run a final string _
~of casing across _}f_}j}_g__progiucﬁon zone, and cement it in_pche. ~~~~~~

Then, we run perforating guns in the hole and perforate (shoot hales ) in the casing across the produciive zone.
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‘Production tubing is run, with a packer to isolate
_the produced zone from the casing above.

o
I AL

Finally, the well is produced infoa
-pipeline, which takes it to
- production facilities on surface.

172013
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Christmas tree

When casing is set, cemented and perforated and
when the tubing string is run then a collection of
valves, called Christmas tree is installed on the

R

surface at the top of the casing

2 Tt contfains tubes and valves
that control the flow of
hydrocarbons and other fluids
out of the well.

= Usually, once the Christmas
tree is installed, the well can

truly be said to be complete. 7

INSTALLING THE CHRISTMAS TREE :

Trae cap and gaugs
rae adapter
— Swaab velve

Kill viing valve
!
\
1

s . Froduction wang valve e
\

Kill wng ..y g Suifage choke

CONTALTHIN
L, Tooreducton faciities

e BPRRC TSt valve B

Lower master vake

e Tubriny-beail adaplas

Fraduction string

Ik
GRWIFHENT,

e

e

¥
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In production oil & gas more importance is
being placed upon the most efficient

kkkkkkk recovery (MER) performance of the

producing wells.

,,,,,, - 1. Efficient recovery take proper
engineering and planning along with the
right equipment

2. Controlling The production rates

‘‘‘‘‘‘ 3. Protects the well or formation damages

WELL TESTING

Flowing well

1. Gaswells

. produced by pressure flowing though the
formation

- 2. Oil wells

: may flow naturally due to a driving force during
early stages of their productive life.

. at some point before depleting they will need
an external energy source (Christmas Tree)

149
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Classification of Well Testing
1. Potential test: measures the max. amount of oil
and gas production rates in 24 hour period under
certain fixed condition.
~ Normal test made on the each newly completed
well and during its production lift
Production rates (flow test, pressure drop of
the well, determine reserve of reservoir)
2. Bottom-hole pressure test: measure the
reservoir pressure of the well
— Flowing bottom-hole pressure test: measures while
the well continues to flow

— Shut-in bottom-hole pressure test: measures
after the well shut in (closed) = information about
the fluid levels in the well

Classification of Well Testing (cont.)
3. Productive test: determine the effects of different
flow rates on the pressure within the producing zone

— Test on both oil & gas well include the potential and
bottom-hole pressure test

— measure from the bottom-hole first, measure the
each flow rate by estimate of the maximum flow rate
(affect to risk of damage to the well)

4. Fluid-Level Determination: test most commonly
performed on oil wells that will not flow and must be
made to product by pumping or artificial lift

5. Bottom-Hole Temperature Survey: determines the
temperature of the well at the bottom-hole or some
point above the bottom

— Determine in locating leaks in the pipe above the
producing zone -

172080



7534203 Petrolenm Tudusiry

WELL STIMULATION

1. Acidizing—Carbonate reservoir

2. Fracturing—Sandstone reservoir

WELL STIMULATION- Carbonate rocks

" Sometimes, petroleum exists in a formation
but it is unable to flow readily into the well,
because the formation has very low permeability.

1. Acidizing a weli consists of injecting acid
(usually hydrochloric acid, HCI) into the well.

= Tn limestone or carbonate formations, the
acid dissolves portions of the rock in the
formation, opening up spaces to allow for the
flow of petroleum.

41772013
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4172087

WELL STIMULATION- Sandstone

rocks

When sandstone rock contain oil or gas in commercial
quantities but the permeability is too low to permit good
recovery, a process called fracturing or Frac job may be

used to increase permeability to a practical level.

2. Fracturing consists of injecting a fluid down the well
and into the formation under great pressure. Pumping
continues until the formation literally cracks open.

In addition fo the fluid being injected, 'propping
agents’ are also used to prop open the newly widened
fissures in the formation. S
* Hydraulic fracturing (water + sand + additive)
involves is injected into the formation.

RESERVOIR DRIVE MECHANISMS

“ After the well has been completed, the
hydrocarbons flow from the reservoir to the
surface. This first period in the producing life of a
reservoir is called primary recovery or primary
production.

= During this stage, natural energy in the reservoir
often displaces the hydrocarbons from the pores
of a formation and drives it toward the wells and
up to the surface.
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Reservoir Drive M
« There are five important drive mechanisms (or
combinations).
1. Gas Drive:
1.1) Solution Gas Drive
1.2) Gas Cap Drive
2. Water Drive
3. Gravity Drainage
4. Combination or Mixed Drive

A combination or mixed drive occurs when any
of the first three drives operate together or
when any of the first three drives operate with
the aid of gravity drainage.

RESERVOIR DRIVE MECHANISMS

- 1. Water drive -when there is enough energy
available from free water in the reservoir

- 2. Gas drive

2.1 dissolved-gas drive (Some hydrocarbons in
the oil become gaseous when the well releases
pressure from the reservoir.)

2.2 gas-cap drive (Gas forms a cap on top of the
oil. When there is an escape route for the oil in
the reservoir, the pressure of the gas cap
pushes the oil.)

,,,,,,, | 3. Gravity drainage- (Gravity causes oil o migrate
upward, because water is heavier than oil.)
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Reservoir-drive mechanisms.

5!
=)
s.d_|--_:3

L

Dissolved gas drive Gas-cap drive ~ Water drive

Solution Gas Drive Reservoir

During Depletion
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Gas Cap Drive Reserveoir

Cross Section
During Deplation

Kap View
During Deptetion

Gravity Drainage

Water Drive

o

Cliem Waler Drive

Edge Water Drive

1772013
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Bized Drive Resarvoir

e

%3;%% = i A : s & 43 .
Map View During Depletion

ARTIFICIAL LIFT

1. Surface Lifts
2. Subsurface Lifts

3. Other Submersible Lift Systems
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ARTIFICIAL LIFT

When pressures in the oil
reservoir have fallen to the
point where a well will not
be produced by natural
energy, some method of
artificial lift must be used.

= Artificial lift uses oil well
pumps and high pressure
gas to lift the oil from the
reservoir.

When do we use the artificial lift

1. Producing wells that can't flow on their
own

Initial unloading of a well that will flow
later

Increasing the production of flowing well
Producing deviate and horizontal well
Overcoming sand and scale problems

Unloading a well affected adjacent
drilling and fracturing

Back flowing a well

N oo~ N
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Classification of Artificial Lift

1. Surface lifts consist of:
Rod pumping

Stuffing Box

Sucker Rods

Plunger Pumps

Horsehead

Walking beam
Counterwieght

Other Rod Pumping Units

®NO OIS WN

Surface lifts
» The most common method

WALRING BEANY

PRNE

motion to a string of rods & A
\
called sucker rods.

of pumping oil in land- /§§:i§gw
based wells is beam ”“fiiff;_ﬁ oy el e
pumping. o | Al
*+ The beam pumping mfi:"i\ : i
creates an up-and-down w2 i

e

[
- R0

CARRER
847

string hangs down inside  swes
the tubing.

* A sucker rod pump is
located near the bottom
of the well.
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2. Subsurface Lifts

1) Subsurface Hydraulic Pumping

2) Gas lift

SRt AGE a8

e GAREERT

GE" T Calue

TUBING |
A

CASING ~

e
| L PATRER

PROCLGCING
FORMATION

"y

-

(LT -3 CIL AND
o GAS

T e (AT
{

QUL LEVEL HAN MOVED
OGCVINWARDS, EAZH

L
LgING
ANNULIE MDVING
LORNIWARD,

= GAS ENTERS JOWEST
VALME CNLY.

VALVE HAS CLOSED A3 |

Figaie 53 Fripsipios of gas L

3. Other Submersible Lift Systems
1) Sonic pump lift
3) Plunger pump lift

Lusratoy

Eapar Dutieg

]

nget valzher

Szl Yeasta

2) Ball pump lift

4) Electrical
submersible pump (ESP)

4/17/2013
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Enhanced Oil Recovery (EOR)
- Techniques

» After a well has used up the reservoir's
natural drives and gas lif+ or pumps have
recovered all The hydrocarbons possible

« 25 to 95% of the original oil in the
reservoir may still be there.

* These techniques are used when production
from the well starts to decrease.

* The major methods of /improved oil recovery
are:

S A N

Water flooding
&as injection
Chemical flooding
Thermal recovery
Steam injection
Others

EOR

HTRGLT

66
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1.

mproved recovery techniques

Waterflooding: water is injected into the
formation using wells. Water flooding is
The least expensive and most widely used
secondary recovery method.

The injected water enters the reservoir
and displaces some-of the remaining oil
toward producing wells in the same
reservoir. The producing wells then pump up
the oil and water.

Several injection wells surround each
producing well.

Waterflooding

Injecticn
well -

4/17/2613
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Improved recovery technigues-Con't

2. Gas injecting: The injected gas expands |
To force additional volumes of oil to the
surface.

Ex. Natural gas, Nitrogen and Carbon
dioxide

s
G e
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as ﬁj@ﬁﬂﬁﬂg -

MITROGEN — GO, FLOODING
el i arad 5 g e ol bank
g SR,

__

Improved recovery techniques

3. Chemical flooding uses special chemicals in water
to push oil out of the formation. These chemicals
act as surfactants that cause the oil and water
to mix and breaks the oil into tiny droplets that

can be more easily moved through the reservoir

to the well.

4. Thermal recovery is used when The oil is so
viscous, or thick, that it cannot flow Through the
reservoir and intfo a well. When the oil is heated,
iTs viscosity is decreased and the flow increases.

Recovery techniques that use heat are called

Thermal processes or thermal recovery.
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Chemical floodinc

Gresn Surfactanis
for iIOR

Surficiom
Wjecting Well

= i

BEE e i b ! ipobiiieed - rasidual ond £

f patyar  autsctant 000 ol myppesesnan EEL
- =5

ditestion of flovw

Improved recovery techniques-Con't

5. Sieam Drive or steam injection involves
genherating steam on the surface and forcing
this steam down injection wells and into the
reservoir. When the steam enters the
reservoir, it heats up the oil and reduces its
viscosity. The heat from the steam also
causes hydrocarbons to form gases which also
increases flow. The gases and steam provide
additional gas drive and the het water also
moves the thinned oil to production wells.
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Stream drive

SR MR PR i
injection Femlurdon
Walls . Wells

Improved recovery techniques

6. Others

o Fire flooding, or in situ (in- place)
combustion

« Microbial or Biosurfactant

163
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ffshore Operation

* Offshore operations are fundamentally the |
same as onshore operations with the major -
difference being in the complexity of the
production sites and hence their costs. .

« Offshore producﬂon';’f‘aciliﬂes are self-
contained production sites.

* The platforms are semi-permanent
structures from which many wells are
drilled and completed.

Offshore -
Operation

166
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Arctic Operation

« Both onland (onshore) and at sea
(offshore)

° Common problem to both are the
extreme low temperature |

» Steel and metal becomes as
© brittle as glass

« Lubricants freeze into solid
» Engines can not stop
* Hard to human

o

L Gl

Arctic Oil Rigs

Onshore Offshore

167
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Arctic operation: Onland

Production Costs

* Production or lifting costs are the expenses
associated with bringing oil and gas from the -
reservoir to the surface, separating the oil
from any associated gas, and treating the
produced oil and gas To remove impurities such
as water and hydrogen sulfide,

> Worldwide lifting costs have been increasing
since 2001

~U.S. costs have been higher than foreign cost
since 2004, In 2007, U'S. production costs
were $11.25/barrel of oil equivalent (BOE)

— foreign costs averaged $8.88/BOE.



77534203 Petroleum Industry V172013

_____ | Cost of EOR

Chapter
% Transportation

Storage

169
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Storage
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Petroleum Tanker

An oil tanker or petroleum tanker, is a ship
designed for the bulk transport of oil and gas.

There are 3 basic types of oil tankers:

"""" 1. Crude tankers: large size, move crude oil from
its point of extraction to refineries.

2. LNG tankers: spherical tank, move LNG
gf,iqugfiied Natural Gas) from offshore to
erminal.

- 3. Product tankers, generally much smaller, are
designed to move petrochemicals from refineries
To points near consuming markets,

Oil lanker (side view)




]

il and LG Transport

Hafine i Two Train Loading- _
WA oy rein Loading
» ~ooat r.e_fm_e;*_&,_ri- -

5

R e .

ING i o~
unloading
#

S0l pumping 7 - '
7 Oil and LNG
-~ . Loader

LG Tanker

il Tank_er

Oil Loading Platform and Tankers
» The Tankers are loading oil and LNG at the offshore

loading platform in a stopped load process. The loading

tubes on the platform are animated.

* In the picture, crude oil is loaded from the right side
of the platform and LNG on the left side.

LNG

Crude oil

4177201
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Type of Storage Tanks

1. Vertical tank: Oil & Water tanks
1.1 Dome roof tank: Fertilizer and chemical
solvents

1.2 Floating roof tank: flammable/ combustible
liquids

2. Horizontal tank: Gas & Oil tank

2.1 Pressurized horizontal tank: Butane, propane,
anhydrous ammonia, chlorine, sulfur dioxide and
hydrogen chioride

2.2 Non-pressurized horizontal tank:
Flammable/combustible liquids, corrosives,
poison, solvents

Dome roof tank

i
o

Floating roof tank

Horizontal tank

471772013
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External floating roof tank

[-— et 12D (R0 Trsd 1ol

Thatiow Amin—

nmw,...]

Whruuts oroaker

Arcrsd huooft

Gotge halhi
sarpie port
/’ Saiid guliepoin

(unatrtai]

Gayga foal
B oz

imeckanical-shos)

3. Spherical tank: methane, propane, LPG
4. Cryogenic liquid tank: oxygen, nitrogen liquids

5. Underground storage tank: LPG, gasoline, fuel
oil

Uinderground Storage Tank Helease Detection

176
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Spherical tank
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iy
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Typical Storage Tank
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Composition of STomge Tank

s Roof Access Ladder - iula

n Access Manholes -dodifmuhudldnduy desnnazaeniodomen tank

s Water Drain -mnieenon tank fivinisuandsssnowilinnden wisanhaen
ilavinmazern Tank

* Transfer Pumps - 53‘1!‘5‘:}6511141?;1{1 product aif Bo sousan salil wiereds
wiafhmsnald product Aeghu tank dffusaushaiu

» Bund Walls (or Firewalls) - lunflesiunisianisialua ifusmmasu e
wniinamas Tank senvniiilaoseumiiondaty

» Relief Valves - #ndailsls tank dsznovdiunudugs desaannudih tank
rietlosiuliRndimmo

= Inert Gas Blanket —daduiio tank dszneud volatile liquid ez
Tuazszfialdhudofuiaiuama andnaiudssililunssmdldie Nitrogen

* Foam Injection -lunsdignin Foam ssgeiedihliidunsiramues tank
nazdahlndiufinves liguid

= Vapour Vent - (wanfadundr ‘Breather Valve') —daaszingonm -

& HGRA
[CI e

ey eSS M e sngainte Ttk e e, e

m Storage Tank level measurement based on radar gauges

® The Tank gauging should be integral to the Automation
system

w Facility wise inventory calculation and reporting
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1.

Transportation

Transporting petroleum fluids from the
producing field fo the customer
requires

It includes:

1. Pipeline
2. Transport frucks
3. Railway tank cars

4. Inland water way barges
5. Ocean-going tankers: FSO, FPSO

Qil/Gas/Condensate
Transportation

Onshore:
Truck, Rail
and Pipeline

Offshore:
Ship and
pipeline

4/17/2013
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Onshore and Offshore
Transportation

Anfinerias Gag Satiors

Heliheod
Prathictry

Flatlorm
Producees

Shipg/Barga )

;F.he SHESupply Chaln

Eineling
Gathating

A L7201
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Floating Storage

.and Offloading (FSO)

41772013
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How does FPSO work? .

Injection faes

L"—E)L'IS‘{

i

LNG-Ligquefaction

» Contaminants are removed to avoid
damaging equipments

¢ Purify Natural Gas

» Cooling To -260°F
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LNG - Transportation

» Special Purpose Vessels

» Spherical, Membrane,
and Structural Prismatic
Design

* Pipeline vs. Ship

» 2000+ Miles

Offshore Regasification

US to build fwo Offshore plants, one
already under construction

[=1 Floating Storage and Regasification Unit
(FSRU)

%

o
S
.

41722013
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Petroleum Industry

Regasification and Storage

* Specially Insulated Tanks

» LNG is converted back to its gaseous
phase

* Transferred by Pipeline

Ship-to-Ship Transfer (STS)

Emergence of Offshore regasification and
liqguefaction

New vessels may now have capability to
transfer or receive loads

FAMDEM TRANSFER

172010
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Pipeline

Use both onshore and offshore
There are both oil and natural gas
pipeline

Easy for transport

High construction cost

Harm environment and animal
Danger when got accident

-]

L]

L]

Pipeline Types by transport function

pipelines can be classified in three categories
depending on purpose:
1. Gathering pipelines:

— Group of smaller interconnected pipelines
forming complex networks,

— the purpose of bringing crude oil or natural
gas from several nearby wells to a treatment
plant or processing facility.

—  Short pipeline and small diameters.

— Sub-sea pipelines for collecting product from
deep water production platforms are
considered gathering systems.
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Pipeline Types by transport function-
Con't

2. Transportation pipelines:

—  Mainly long pipes with large diameters

— Moving products (oil, gas, refined products)
between cities, countries and even continents.

— Transportation networks include several -
compressor stations in gas lines or pump |
stations for crude and multiproducts
pbipelines.

Pipeline Types by Transport function-
Con't

3. Distribution pipelines:
* Composed of several intferconnected pipelines

with small diameters
> Used to take the products to the final consumer
* Feeder lines to distribute gas to homes and

businesses downstream. -
> Pipelines at terminals for distributing products

to tanks and storage facilities are included in
This group.
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Figeline Transportation — Supporting The American Way Gf Life

Petroleum Pipelines

> Pipelines are generally the most
economical way to Transport large
quantities of oil, refined oil products or
natural gas over land.

» Multi-product pipelines are used to
Transport fwo or more different
products in sequence in the same pipeline.
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Type of Pipeline define by product

Type of Pipeline can be defined into
1. Oil Pipeline
2. Natural Gas Pipeline

1. Oil Pipelines

®0il pipelines are made from steel or
plastic Tubes (diameter 4 to 48 inches
orl00 to 1,200 mm).

®Most pipelines are buried at a typical
depth of about 3 o 6 feet (0.91 10 1.8 m).

®The oil is kept in motion by pump stations
along the pipeline,

®Flows at speed about 1 t0 6 m/s (3.3 1o 20
ft/s).
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2. Natural Gas Pipelines

+ Constructed of carbon steel
* Varying in size from 2 - 60 inches (b1 -
'''' 1,500 mm) in diameter, depending on the
Type of pipeline.
« The gas is pressurized by compressor
stations and is odorless unless mixed
with a mercaptan odorant where
required by a regulating authority.

Offshore

= Gas will be shipped via pipeline, and
condensate will be stored in the FSO ...
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Pipeline Inspection Gauge

> Pipelines are inspected and cleaned using pipeline
inspection gauges Pigs (Scrapers or Go-devils).

> Smart pigs (intelligent pigs) are used to detect ;
anomalies in the pipe such as dents, metal loss
caused by corrosion, cracking or other mechanical
damage.

» These devices are launched from pig-launcher
stations and travel through the pipeline o be
received at any other station down-stream, either
cleaning wax deposits and material that may have
accumulated inside the line or inspecting and
recording the condition of the line.
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There are 4 main uses for pigs:

1. Physical separation between different
liquids being fransported in pipelines
2. Internal cleaning of pipelines

3. Inspection of the condition of pipeline
walls (also known as an Inline Inspection
(TLI) tool)

4. Capturing and recording geometric
information relating To pipelines (e.g.
size, position)

41772013
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How the Pigs work?

inserting a pipeline
inspection gauge
("pig") into a natural _
gas line ~
'®The pigging here
was done to shunt
any water that may
have precipitated

out of the natural
gas.
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Offshore Pipeline Construction

Figure 12, Tyzicai Nawral Sax Pipaline Cansirusbon Prazors

2
e el

Natural gas
Pipeline
Construction

Bitehing [Teci} Paddirg Jidch doitam

Uneup, Steiager Fead and AatPae  $il mad Cop Watd

Aa Bulz Y.Raynad  Cnstlag Fidd Ircpucinn Lowaniag by ExRaill
fastege  Ukld Bepair  wnd Tuctory fteg un ol Sarvey
Veoicx Comim
Hrepieal

Prading
Tvar iy "
ok P‘:’I( ¥ruring

Shwnag znd

Hyfroxinlic A

472013

193




334203 Pewrolenm fndustry 41772010

Docklands Project
30" Pipes sprayed in
M» t ,. "

T
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Pipeline Components .

Pipeline networks are composed of several pieces
of equipment that operate together to move
products from location to location.

The main elements of a pipeline system are:

1. Initial injection station (supply or infet station):
is the beginning of the system, where the
product is injected into the line. Storage
facilities, pumps or compressors are usually
located at these locations.

Pipeline Components-Con't

2. Compressor/pump stations: Pumps for liquid
pipelines and Compressors for gas pipelines, are
located along the line to move the product _
through the pipeline. The location of these
stations is defined by the topography of the
terrain, the type of product being fransported,
or operational conditions of the network.

3. Partial delivery station (/ntermediate
stations): these facilities allow the pipeline
operator o deliver part of the product being
transported.
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Pipeline Components-Con't
4. Block valve station: First line of protection for
pipelines. These valves the operator can isolate any
segment of the line for maintenance work or isolate a
rupture or leak. Block valve stations are usually located
every 20 To 30 miles (48 km), depending on the type of
pipeline.
5. Regulator station: Special type of valve station, where
the operator can release some of The pressure from the
line. Regulators are usually located at the downhill side
of a peak.

6. Final delivery station (Qutlet stations or terminals):
this is where the product will be distributed to the
consumer. It could be a tank ferminal for liquid pipelines
or a connection to a distribution network for gas
pipelines

Y2003
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Pipeline Operation
» When a pipeline is built, the construction project
not only covers the civil work to lay the pipeline and
build the pump/compressor stations

> Field devices are instrumentation, data gathering
units and communication systems includes flow,
pressure and temperature gauges/transmitters,
and other devices to measure the relevant data . -
required. |

> The information measured by these field
instruments is then gathered in local Remote
Terminal Units (RTU) that transfer the field data

To a central location in real Time using
communication systems, such as satellite channels,
microwave links, or cellular phone connections.

* Remote Terminal Units (RTU): information -
measured by local field instruments then send the

data to main control

» Pipelines are controlled and operated remotely,

from The Main Control Room
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The natural gas transmission pipeline system
is composed of three major sections

weshen 1

Pla¥orm

* Dl shors Comprassat

Eiplisn

Natural

Eeclon 2

Cilshore Onshore
Gffshers b
Pimagivin
* Cantral Frocessing * OGP

¥ Dew Point Sordial Unit

* Comorassct Stakion

Section 3

Oinsho

? Transmission Fipsdine

* Distobudion Pipsling

>as Transmission Pipeline

Om?é@ﬂ in Thailand

The head quarter is located in Chonburi (Chonburi
Operations Center)

Offshore Pipeline Operations Department is
responsible for offshore gas transmission,
Erawan Riser Platform (ERP) and PTT Riser
Platform (PRP) covering the area of Pattanee
Songkhla, Nakhon Si Thammarat, Surajthani,

Chumporn, Prachuabkirikhan and Rayong.

1. Region I Gas Operations Division is responsible
for gas transmission in Rayong, Chonburi,
Chachoengsao, Samutprakarn and Bangkok

47172013
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Natural Gas Transmission Pipeline
Operation in Thailand-Con't

2. Region IT Gas Operations Division is responsible
for gas transmission in Bangkok, Pathumthani, Pha
Nakhon Sri Ayutthaya and Saraburi

3. Region ITI Gas Operations Division is responsible
for gas transmission in Rayong

4. Region IV Gas Operations Division is responsible
for gas transmission in Khon Khaen.

5. Region V Gas Operations Division is responsible
for Thai-Burma border gas transmission from Baan
E-Tong, Thongphaphum District, Kanchanaburi to _
Ratchaburi power plant, Ratchaburi. —

Natural Gas Transmission Pipeline
Operation in Thailand-Con't

6. Region VI Gas Operations Division is responsible
for gas transmission in Bangkok, Nonthaburi,
Samutprakarn, Pathumthani and Nakhonpathom.

7. Region VIT Gas Operations Division is
responsible for gas transmission in Songkhla.

8. Region VIII Gas Operations Division is
responsible for gas transmission in Kanchanaburi.
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Main Duties of Gas Operations Division

Operation controlling and planning
. Gas transmission pipeline engineering support
Gas transmission pipeline maintenance

Gas transmission pipeline’s safety and
environment control

Block valve station control

Preventing and handling gas transmission's
emergency by using Supervisory Control And
Data Acquisition system (SCADA) via

- communication systems e.g. microwave, optic
fiber cable and satellite communication

B wpoe

o o

Gas Transmission Control System
of Pipeline in Thailand

The gas fransmission system consists two major parts as
follows

1. Block Valve Station Each block valve station is
installed with gas transmission controlling system.

2. The system is directly operated by Chonburi
Operations Center and other gas operations division
via the SCADA system.

- Chonburi Operations Center is the main controlling
centre and staffed 24 hours.
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Crude Qil

o Method by which crude oil converted to
petroleum products
1. Fractional Distillation: msnsuseudam

* At high temperature the lightest fractions
rise To the top of a tower, heavier fractions
- condense at bottom

Refining

2. Oil CPGCkiﬂgi MINERLLL Cmcking

1) Thermal Cracking
2) Catalytic Cracking
- 3) Steam Cracking
4) Hydro Cracking
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(Crude Qil Fractional Distillation)
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Fractional Distillation
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1. Thermal Cracking
2. Catalytic Cracking
3. Steam Cracking
4. Hydro Cracking
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1. Thermal Cracking

Thermal - heat large hydrocarbons at high temperatures
(750-900 °C) (sometimes high pressures as well) until they
break apart.

: Products: light gases, diesel fuel and medium naphtha.
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2. Catalytic Cracking

* Catalytic (or Cat cracking) - uses a catalyst to
speed up the cracking reaction.
* Catalysts include zeolite, aluminum hydrosilicate,
bauxite and silica-alumina.
~Fluid catalytic cracking - a hot, fluid catalyst
(1000 °F/538 °C) cracks heavy gas oil into
diesel oils and gasoline.

Catalysts used in
catalytic cracking or
reforming

41772013
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3. Steam Cracking

= Steam: high temperature steam (1500 °F /816
°C: No oxygen) is used to break ethane, butane

and naptha into ethylene and benzene, which are
used to manufacture chemicals.

© ©
-8 LA .
@00
g‘:—“’“‘% :u!{t}ggds .

4. Hydro Cracking

4.1 Hydrocracking - similar to fluid catalytic cracking,
but uses a different catalyst, lower temperatures,
higher pressure (5000 kPa), and hydrogen gas.

— Heavy oil cracks into gasoline and kerosene (jet fuel).

» Large, thick-walled chambers are required
To contain the reactions and pressure.

Propanedbutane 0eC

Light gasoline 0-70eC T
Bezene 70-140°C

Naphtha 140-180°C

Kerosene 180-2500C

Gas / ol 250-3500C
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4.3 Coking: residual from the

4. Hydro Cracking

4.2 Visbreaking: residual from the

distillation tower is heated (900

°F/482 °C), cooled with gas oil and
rapidly burhed (flashed)in a
distillation tower. This process
reduces the viscosity r:nEJ heavy weight
oils and produces tar.

distillation tower is heated to
temperatures above 900 °F/482 °C |
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until it cracks info heavy oil, gasoline
and naphtha. When the process is
done, a heavy, almost pure carbon
residue is ie¥f (coke); the coke is
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Petroleum Products from Distillation
Column
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Petroleum products

WHAT HAPPENS TO THE BAD STUFF -
IN THE CRUDE?

1. Sulfur

- converted to elemental sulfurin high
sulfur fuel oil in coke

2. Heavy Metals (nickel, vanadium)
- in high sulfur fuel oil and coke
3. Nitrogen (organic nitrogen)

- most is converted to ammonia and
neutralized in high sulfur fuel oil -
and coke
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41772013

Classification of N

Dry Gas: Natural gas consisting principally of methane
(>90%) and devoid of readily condensable constituents
such as gasoline.

Wet gas: Natural gas consisting of methane (<90%) and
heavier hydrecarbon (C2-C5)

Condensate: A hydrocarbon mixture that is gas phase in
its reservoir but condenses into liguid when produced. Tts
gravity usually ranges from 55 APT upward. (C6-C7)

Sweet Gas: Gas that contains with low or no sulfur is
priced higher than sour gas.

Sour &as: Gas that contains significant amounts of sulfur
or hydrogen sulfide.

Bacteria &as: Methane formed by bacteria
(methanogens) utilizing carbon dioxide and hydrogen.

Tsengwsinsiuludszme e
1. lsnduisinlnenees Thai Oil Qﬁ.@ﬂﬂer’y}

Tssnduigie Yo, azi‘ii&@ﬂgl,!,azﬂ'l’iﬂ’ﬁ}% (PTTAR

Refinery)

Tasnausihsuszeassienivhiend Rayong Purifier
Refinery).

Taondushuiulendid IRPC Refinery)
Tesndwhiuneen ( Bangchak Refinery )
Taanswshauesld Esso Refinery)
Tsanswwinsusondillandan Fkity SPRC Refinery)
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Tssndwihduludsainelng

Suud Tasnds Adsndwsheisdu 2008 | 0
saasiadn | Swdesdats
1 e aaed (TOP) 275,000 437
2 laandid (TRPC) 215,000 34.2
3 wild (£SS0) 170,000 270
4 dmsilasiden Suniii SPRC) 150,000 238
5 o azlssndnduazmsnan (PT TAR) 148,000 23.1 -
6 yuaniilasies (BCP) 120,000 191
7 szuauienivhanead (RPC) 17,000 27
33 1,092,000 1736
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uel source

.+ 84% of crude oil is
refined into fuel,
principally for cars and
planes

» Demand is ever increasing,
especially due to growth of
Chinese economy

Other uses

Food additives

Fertilizers and

Pesticides

* The remaining 16% of crude oil is used for a range
of purposes shown above as well as synthetic fibers,
fertilizer and detergents and so on.
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+ Organization of the Petroleum Exporting
Countries (OPEC) is a group of 13 countries that
produce 36% of the world's oil, or 32 million
barrels of oil per day.

» The biggest producer is Saudi Arabia, but Iran,
United Arab Emirates, Kuwait and Venezuela are
also major suppliers
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her Producers

» Organization for Economic Co-operation and

Development

> (OECD) produces 24% of all oil, or 21 million

barrels per day.

> The USA is the biggest single producer in OECD

but Mexico,

» Canada and the UK are also major suppliers

» Qutside QECD, the states of the former Soviet

Union are also major producers supplying a further

15% of global output

Today's Super-Majors Oil Companies
1. Exxon-Mobil
2. Shell
3. BP (formerly BP-Amoco)
4. Total
»  Merged with Pefrofina (Belgium) 1999
* Merged with EIf Aquitaine (France) 2000

5. Chevron (formerly Chevron-Texaco)

6. Conoco-Phillips
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USA uses 24% of global
supply but China shows
the biggest year-to-year
increase in usage

« In 2007, global consumption grew by 1.2 million barrels per
day.
* OPEC and OECD nations can only raise production by a

further 2.5 million barrels per day so a squeeze is on the
cards
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* In 1956, Hubbert predicted that global oil
production would peak around the Year 2000 and
trigger an Energy Crisis with power blackouts and
rising costs of energy and fuel
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Fossil Fuel Prices

« NATURAL GAS:

- $3.00 1 £t3 s
':.11300 ﬁ.'g*) (lﬁﬂﬁ ETU} = $.;._DD.-‘1CH5 BTU

$50, . 1 ton 11k . 106 BTU, -
tton’ G000 15T Zx10% BTU (108 BTU) = $1.92/108 BTU

. $20 1 barrel 106 BTU,

{.}} arga} } {_15 Bx ;U:‘S ETU) (.103 ETU‘} = $3.45/106 BTU

Rising Oil Prices

$139 by June 2008

* Oil prices have been steadily
rising for several years and in
June 2008 stand at a record high
of $139 per barrel. (1bblz42 US
gallon or 158.9873 liters),

April 17, 2(‘:35
5116 §114.85 -

» Is the rise due Yo a squeeze in
availability (peak oil) or are other
o sensers  Political or economic factors to
Seurzs, U E. Erargy nformmicn b! am e?
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OIL PRICE DETERMINATION
3EFORE DEREGULATIO

RETAIL PRICE = EX-REFINERY/IMPORT PRICE +
OIL FUND + TAXES + MARKETING MARGIN
when

: Ex-refinery & import prices &aima%’gma Toaldsenomanansfi
Singapore Lﬁi&%%u:‘pu

® Marketing margin éf&l@ﬂ%’gmau,agﬁnﬁl,ﬁgmwaaﬂfﬁmmn (rarely
changed)

® Excise and municipal taxes mivasd
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OIL MARKET BEFORE DEREGULATION

Retail frade controlled by 4 major oil companies:

PTT, Shell, Esso, and Caltex

1. Oil imports were controlled with quota system

2. No new entrants info oil business due to
government policy (no license issued for Article
6 oil trader)

3. Domestic refining capacity approx. 50% of
demand

- 4. Many remote areas did not have petrol stations.

Consumers bought oil from "DRUM PUMPS"

whose prices were not controlled and were 1-3
''''' baht/liter higher than service station prices.
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