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Chapter Description

« Aims
— Understand the basic concept and activities for upstream operation.

» Expected Outcomes

— Explain fundamental knowledge of upstream activities including
petroleum system, surveying technologies, E&P phase, reservoir,
drilling, coring, cementing and well completion

» References

— Havard Devold, 2013, Oil and gas production handbook: An introduction
to oil and gas production, transport, refining and petrochemical industry,
ABB ATPA Oil and Gas.

@ @ @ @ Upstream Operations by Siti Noraishah




Content

(_J2iPetoleumsystems
)22E&Pphases

|

)24 prilling

)2.5 Casing

) 2.6 Well completion

0 ‘ @
@ Upstream Operations by Siti Noraishah
BY NC SA




2.1 Petroleum Systems

(" Definition: A sedimentary rock with
sufficient organic matter that when it
buried and heated it can generate and
\ expel hydrocarbons

i Example:

1) Shale source rock
. 2) Coal source rock

{ Definition: Break down the organic matter to hydrocarbon ]

—[ Immature stage Diagenesis (20-60 * C)
ag Microbial genaratk}n of gas anly

_ [ - Categenasis (60- 120 ° C)
Stagi]_[ il stagi’—[ Thermal generation of oil and wet gas
Mategenesis (120-200°C)
g Dry gas generation

Once the HC generated, it expealled from source rock and flows
throug h reservoir rock or along faults

Due to buoyancy, HC travel upward s towards surface till it can't move further ]

-[ 6 element of pultrnlnl.ln system ]
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continue...2.1 Petroleum Systems

[ 6 element of petroleum system ] (" Porosity=storage

void (the void
p | space within the
Definition: A rock that is capable of storing (porosity) ] \_ rock)
L and transmitting (permeability) fluids

é Permeability=transmissib

e Types ility (a measure of how
1) Siliclastics( Sandstones) n“:itt': ’m“f;:j‘;m}
2} Carbonates (Limestone & dolostones L pass

\_3) Evaporites

-—[ Definition: A imparmeaabla rock layer that block migration of fluid s throug h it ]

Definition: Configuration of reservoir and seal rocks that
allows petroleum to accumulate in the reservoir
- Anticline trap

AE:_[ Structural ]—[ Fault trap ]
ypes
l—[ Salt dome traps I
Stratigraphic
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2.2 E&P phases

E&P consists of;

« EXxploration phase- usually 5 years initial assessment and
surveying field that has high possibility to produce oil/gas well

 Appraisal phase- usually 3-5 years . To complete appraisal of
discoveries and assess remaining potential (success case)

« Development phase- 20-25 years can extend further depending on
lease renewals and field life

 Production phase- 20-25 years can extend further depending on
lease renewals and field life

« Abandonment phase — after 35-40 years of production
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2.2 Exploration and Appraisal Phase

[ Dome & haped oil reservoir ]—l

[ Gas reservoir ]—{ Types of reservoir }

[ Oil reservor with a gas

Reasonably certain called POO = anr —
-00%% certainty of being produced I |

Reasonably probable called P30 )
[ _EO% tainty of being prod y ]—[ Probable reserves I—l il reserves |

Having a chance of being developed called P10 - -I I
[ 10 tainty of being prod i Possible reserves

Measure the different grawvity
betwesn porous and non-porcus
ook | Appraisals |

[ Low cost and resclution than seismic survey ]—[ Gravimeter H Gravity Survey ]7

[ Us ed accelerometer as device ]— )

[ Used in mineral, coal & cil gas

industry
Measure the strength of earth Technology ',
magnetic fiek

[ Different mineral different magnetic field | [ Magnetometer }—{ Magnetic Survey | '

[ Can detect epecific ore

[ Measure the vibration in the earth

Show the types of structure and [ Seismograph ]—[ Seismic Survey ]—
density of rock, shapes of rocks
kying und erground
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2.3 Reservolr

STOIP ( Stock Tank Oil in Place)

| GIIP( Gas initial in Place)

| Petrophysics
| Types of reservoir

b

. Reservoir fluid
- Reservoir properties
' Depletion drive reservoir
| Water drive
. Reservoir drive mechanisms _ ]
~. Compaction drive

| Gravity drive
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2.3 Reservolr

| By pressure enlanged
|| or created rock cracks Source: o
' https://commons.wikimedia.org/wiki/Fil

e:(Non)_Conventional_Deposits.svg
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2.3 Reservolr

Source:
https://commons.wikimedia.org/wiki/File:Anticline_trap.svg

Qil well

Impermeable
Shale clay

Porous
Reservoir rock

Source rock
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2.4 Drilling

/-—[ Definihon ]—[ Create path way for communication between surface and subsurface ]
First exploration well drilled in

into available to obtain data &
Exploration wells prove HC presence
The subsequent wells drilled after a wild
cat well to further assess the field and
Types of well confirm its commerciality

Ol andior gas producer h Drilled to produce HC, oil and/or gas
Gas injector

Drilled for reservoir pressure maintenance

Development wells

Drilled for reservoir pressure maintenance
or gas conservation

Landrigs |—{ Land |
Drilling |‘ Jack-uprig |—| Water depth from 15 to 350 ft |

| Type of drilling rigs Inland barge |—{ Water depth from 8-30 ft |

Drill ship |— Water depth from 100-5000+ ft |

Semi-submersible rig }—| Water depth from 100-5000+ ft |

Core and drill bits

[ Hoisting equipment on the rig ) ok it
3) Insert bits
1) the drill string is turned at surface, which turned the bit at the bottom of the hole J
2) The teeth on the drill bit grind the rock into fragmnet, or cuthings J

;[ Process of drill bits 3) Drilling mud is pumped down inside of the drill pope
through jet nozzles in the bit and into annulus.

4) The mud hifts the cutting and circulates them back to surface ]
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2.4 (a) Drilling rig

' N\@~ | Traveling block
|
Swivel =
Standpipe
Rotary drive —— . |
~S—t—— Kelly .
Draw works N Blowout prevention
N exquipment
Mud pump
Engines = ~———AMud pit
3 |l Drill pipe Source:
] 1§ o https://commons.wikimedia.org/wiki/File:%D8%AC%D9%87%D8%
£ A7%D8%B2_%D8%AD%D9%81%D8%B1_%D8%A2%D8%A8%D8%A7
fe— Cement %D8%B1.jpg
£y Drill bit @
| )
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2.4 (b) Drilling / Rig Crews

Location supervior for drilling contractor ]

Senior, experienced individul who has work his way
up through the ranks of the drilling crew position.

[ Supervisor of the rig crew (the work
Largely administrative: J

& control major rig system)

-Ensure the rig has sufficient material & spare part

of the rig site and the safety of the -Ensure there is skilled personnel to continue efficient operations.

rig crew

L Responsible for efficient operation

[ In charge of the mud processing area during periods of circulation ]

Measure the mud density, handle pipe in the derrick while
pulling outfrunning into the hole

Report to toolpusher, but instructed in detail by the
mud engineer on what to add, how much and how
fast

‘ Has many years of rigsite experience &
workked his way up from other jobs

[ Know how to perform each of the job in the rig

[ Operates the pump, drawworks{ using long handled
lever)

[ Refer as the person who is 'on the brake' Controls the machinery rather than physically handling the pipe ]

[ Responsible for maintenance of the engines

For emergency, reach the ground by an escape line often called
Geronimo line

[Helips with minor repairs, involve in minor

repairs & routine preventive maintenance | Low ranking member of the drilling crew ]

Perform semiskilled & unskilled manual labor that
requires continual hard work in difficult conditions for
| many hours

| Understand how rig operates & demostrates their work ethics |

Company serves as the overall manager & decision maker of the ‘
drilling project

Have largest financial stake in the
project

[ Any unskilled manual laborer ]

Hired to do peripheral tasks, ranging from
cleaning up locations to cleaning threads
to digging trenches to scraping & painting
rig components

( Part of drilling contractors employee

workforce/ may be on location temporarily for
special operations

A

Responsible for recouping some of expenses from the partners ]

Upstream Operations by Siti Noraishah

Communitising Technology



2.4 (c) Drilling — drilling fluid/ mud

Mainly water

| Pumped continuosly down the drill string while drilling H
[ It lubricates the drilling tools, washes up rock

cuttings, balance the pressure of the fluid in the
rock formations below to prevent blowcuts

1) Minimize loss of fluid to the formation
2) Control formation pressure

3) Lubricate the drill string

4) Maintain baorehole stability 'm
5) Remove drilling cuttings from the hale

6) Provide hydraulic horse power to the bit

Gel strength
Mud pro jes
iaticn || - Mud ropertics }
Mud cake
| Emulsion stability |-
Oil based mud 1
(oil base mud, invert emulsion muds)
Waler based mud ™
(fresh-water muds, chemicall y-treated muds, i
cal cium-treated muds, alt-water muds, oil-emulsion Types of mud
muds, special muds)
=4 { Drilling fuids ]

Gases Flnd | | mud)
[ (air, gas, mist, foam, aerated muds) | ( [
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2.4 (d) Drilling — drilling fluid/ mud

l 1) A large drill bits used to drill a short interval of the hole -

2) Steel casing run and cemented on the outside to keepthe | :
holefrom collapsing _[ Drilling fluids ]

3) Smaller bit run inside the first casing andthis bitdrillsout | (rmusd)

the bottom of the casing and drills new hole. This new holeis
a0 cased snd cemested - Sequences of the drill hole ——

[ 4) Smaller hole is drilled out and smaller casing is run to keep

the hole from falling in

5) The hole is drilled in stages, until the targey reservoir rocks N
iz penetrated. At this point, geologistmust figure out if thereis |
oil and gas in it. )

o

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

[ 2) The mud is circulated through the drill bit into the

annulus, Iiﬂingthecul‘tings removed by the drill bit

3) The mixture of drilling mud and drill cuttings are | —
circulated up the annulus '[ Cycles of drilling muds I—"

[ 4) The mixture is circulated across screens at the surface ]-
l 5) The drill cuttings are removed and form cutting pile. Can

be hauled odd and diposed off
[ 6) Clean mud falls thru the screens and it returned to the pits |-
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2.5 (a) Casing

Define Steel pipe placed in oil/gas well as drillng progresses
- to prevent the wall of the hole from caving
-to prevent seepage of fluids
-to provide a means of extracting petroleum if the well productive

m To keep the hole open & to provide a
support for weak/fractured formations.

| Toisolate porous media with different
fluid/pressure regimes from contaminating

| the pay zone

To prevent contamination of near-surface fresh water zone

To provide a passage for hydrocarbon fluids
\\ To provide a suitable connection for BOP & well equipment

To provide a hole of known diameter & depth
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2.5 (a) Casing

[ Type of casing

1. Drive pipe/stove pipe /-[ Marine conductor/foundation pile for offshore drilling ]

To preventwashout of near sufrace unconsolidated formations ]

To provid a circulation system for the drilling mud ]

To ensure a stability of the ground surface ]

Size: 26-42 inch |

2. Conductor casing Installed from surface to shallow
depth

-to protect near surface
unconsolidated formations

-to ptovide a circuit for drilling mud

Installed a diverter system/BOP ]

Cemented to the surface & used to support subsequent casing
strings & wellheadequipment

Size: 18 5/8, 20, 30 inch |
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2.5 (a) Casing

l[ 3. Surface casing (BOPs are connected to the top of it) Set in competent rocks
-to prevent caving of weak formation
-to protect against troublesome formations, water sand

continue...

BOP connected on th top of string ]

Cemented to surface ]
Size: 18 5/8, 13 3/8, 20 inch ]

\ 4, Intermediate casing
below/above an over

Set in transition zone J

pressured zone
Used to =eal off a severe loss zone, or to protect against salt sections/caving shales ]

Cemented to surface ]

Size: 9 5/8 inch

5. Production casing /-[ Represent the last casing ]

Used to isolate producing zones, provide reservoir fluid
control & to permit selective production in multizone
production

Cemented to 200 ft above th topmost HC zone ]

Size: 7inch

6. Liner casing _/[ Hung on the intermediate casing |
Both liner and intermediate string act as the production stri ngﬂ

Advantages:
-reduce total cost

-reduce cementing time
-reduce the length of reduced diameter

Disadvantages: J

-Possible leak across a liner
-Difficult to fet a primary cementing
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continue... 2.5 (a) Casing

-10-3/4" Casing, 55,54, L-80, Vam Top
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2.6 Well completion

open hole completion

Screen Liner

Liner completion Types of wc

Perforated Liner
Perforated casing completuon

Tubingless or reduced diameter completion

Steel pipe placed in an oillgas well as drilling
progresses to prevent the wall of the hole from Definition
caving in during drilling :

Casing
Primary cementing . The application of liquid slurry of \
Secondary cementing ' cement & H20 to various points Definition . Well Completion
. " insideloutside the casing s -
Squeeze cementing
Restrict fluid movement between permeable |
zone . Cementing

Mechanical support for casing string

Function

Protect casing from corrosion by sulphate
rich fromation waters

Support for the wellboro walls to prevent |
collapse of formations
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2.6 (a) Coring

Definition: obtaining representative reservoir samples by cutting
&preserving the reservoir rock to be used for further analyses in
laboratory

Bottom,hole coring

Sidewall coring . Types of coring I
Coring whiledrilling
Safety first 1. Conduct a safe coring program
Maximise recovery |
Obtain representative core samples |
Environment Preserve core Vs y | \
Quality ' \ I
-\, Reservoir basic geology [ |
Porosity \ 1 !
1 1 (}n .
Fluid contact | \ 1.5 ring
Pressure \ l:l. Objective '
O . . | Characterize resource technical defibition -
Permeability | Reservoir flow properties
Wetttability f
Archie parameter
pa . . Reservoir electrical properties /| Gel .
Log callibraion | Epoxy resin |
Compressibility =~ Reservoir mechanical mechanism | Freezing N Types of perservation
Gypsum |
Strippable plastic

Upstream Operations by Siti Noraishah

Communitising Technology



2.6 Conclusion

1. Petroleum system elements is important to understand oil and
gas formation

2. Upstream operation are the main key for the production of oil
and gas.

3. Surveying is important to identify potential location for oil and
gas.

4. Suitable casing is required for production of oil and gas.
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THANK YOU.
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