Oil and Natural Gas
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Underwater Oil Seeps (natural)

Methane release

to the atmosphere Light petroleum hydrocarbons |

avaporate to the atmosphere

il skick on surface
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Ol droplets and
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migrate up through
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" petroleum hydrocarbons

Prevailing current

flow upward

cracks In sedimentary rocks to
the seafloor and may be partially
biodegraded en route,
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Sedimentary Provinces and Major Oil-Producing Basins

Sea58

NOMN ——

Sea 3.0 ;{L

Texas 105

Alberta 168
Permian 35

MISSISSIppI

San Joaquin 4.5 2
. O Delta 22 4

Gulf of Mexico 21.9 3 O
0= Algerid
Reforma- CanI\peche 10 192
Maracaibo 44~ o, Libya 48.5

Ecuador 3_{ Venezuela 297 ‘

Norway Nort

V

' V2
v"bnﬂ/ »e

W7
0 "\

/{1

Middle East 805

Brazil 13.2 |
Nigeria 37| 1

QO Subaquatic gas-hydrates

(? l MilesI 30|00

0 Kilometers 4000

Distribution of sedimentary basins showing location of major oil and natural gas
fields (reserves shown for oil in Billions of barrels, bbl). Note that many basins

extend offshore into the continental shelf
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Formation of hydrocarbons from heating
organic matter (decomposed from plankton, diatoms etc.)

into kerogen — o1l — gas
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The Mississippi River Delta, showing the sediment plumes from the Mis&éssippi and - ..

Atchafalaya Rivers, 2001. | MR




MississippiRiver entering
the Gulf of Mexico.
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Mahakam River, Indonesia



Formation of hydrocarbons from heating
organic matter (decomposed from plankton, diatoms etc.)
into kerogen — o1l — gas

More sediment
accumulates over the
plankton-rich layer
and compresses it.

Plankton and clay
floating in water
sink and accumulate. | |
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Formation of hydrocarbons from heating
organic matter (decomposed from plankton, diatoms etc.)
into kerogen — o1l — gas

More sediment

accumulates over the The red arrow indicates pressure, which

plankton-rich layer increases as burial depth increases.
and compresses it.

Plankton and clay
floating in water
sink and accumulate. | |
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Formation of hydrocarbons from heating
organic matter (decomposed from plankton, diatoms etc.)

into kerogen — o1l — gas

Plankton and clay

floating in water

sink and accumulate.
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Plankton

l. .0,- poor water
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More sediment
accumulates over the
plankton-rich layer
and compresses it.

-

Time

The red arrow indicates pressure, which
increases as burial depth increases.

As temperature increases,
kerogen turns to oil.
The oil rises.

Organic-rich mud
turns to black
shale. Under heat
and pressure,
kerogen forms.

Source rock






N PTH TEMP
‘véﬁ 1) (°C)

2,500 75

5,000

Methane (CHy) 9,000

" Carbon / Graphite T
Mixar Limited Ead "
H—C—H
|



CONVENTIONAL
RESERVOIRS



Formation of hydrocarbons from baking of
organic matter (decomposed from plankton, diatoms etc.)

into kerogen — oil, gas

Plankton and clay
floating in water
sink and accumulate.
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More sediment
accumulates over the
plankton-rich layer
and compresses it.

Time

The red arrow indicates pressure, which
increases as burial depth increases.

Organic-rich mud
turns to black
shale. Under heat
and pressure,
kerogen forms.

As temperature increases,
kerogen turns to oil.
The oil rises.

Source rock



A magnified image of a sandstone. The rock sample
was injected with blue-colored epoxy that is seen
here filling pores which are interconnected
(permeable). The sample is very porous and
permeable. The grains are loosely packed and there is
very little cement filling the space between the
grains. The arrow indicates possible pathways for
fluid movement.




Source rock; good extraction from rocks with high
porosity (storage) and high permeability (flow)
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flow
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UNCONVENTIONAL
RESERVOIRS



In an unconventional reservoir, the o1l and gas never left their source
rock; they are trapped 1n the source rock.
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Pouring nitroglycerin was risky
enough in the late 19th century oil
A Pennsylvania historical marker near Titusville notes the 1865 DA v Patch. Doing it for an illegal well
demonstration of the invention Union Col. E.A.L. Roberts. JEFLNAHE “shooting” led to the term

“moonlighting,”

patents for “Improvement in Exploding Torpedoes in Artesian Wells” on April 25,
1865...production from some wells increased 1,200 percent within a week of being shot
— and the Roberts Petroleum Torpedo Company flourished...$100 to $200 per torpedo
and a royalty of one-fifteenth of the increased flow of oil.



UNCONVENTIONAL RESERVOIRS REQUIRE “ENHANCED PERMEABILITY” FRACKING

Fracking
_engineered and used
starting in the 1860s

to enhance the
permeability of
vertical wells




What is Hydraulic Fracturing?

m MICHIGAN ENGINEERING



Extract o1l/gas from organic rich shales made possible by
1) directional drilling; 2) hydraulic fracturing

Issues:
fracturing fluid mix
waste water

D Other strata
D Marcellus Shale

(Not to Scale)

Drilling rig

Vertical drill hole
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Hydrofracture Horizontal drill hole

(b)

contamination of fresh water reservoirs

carthquakes



The Geology of Conventional and Unconventional Oil and Gas

Land Surface

Conventional :
Non-associated
Gas

o

Unconventional

Oil or Gas Well Coalbed

Siettinna Conventional

Associated
Gas

Tight Sand

Gas

Sandstone

Lateral Wellbore with
Multi-stage
Hydraulic Fractures

Oil and Gas-rich Shale

Source: EIA



Old Way of Drilling

Jelly Donut

Conventional Drilling
Basic Vertical Penetration
Limited Formation Contact

ustration © James Scherrer 2014

New Way of Drilling

Tiramisu

Unconventional Drilling
More Sophisticated Horizontal Penetration
Extensive Formation Contact

Illustration ® James Scherrer 2014



Wells can be spaced in 40-acre units or 16 wells per square mile




Finding Oil and Natural Gas






Seismic Reflection Imaging of Subsurface Structure

Vibrator, also known
as Vibroseis Recording
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Active source seismology for oil and gas exploration



Extracting Oil and Natural Gas



Primary Oil Recovery

sand grains

Natural pressure

pil droplets

f
’
f

Crude Oil

Primary
Recovery Phase

Uses natural pressure of the reservoir to
push crude oil to the surface

Allows about 10% of the o1l in the
reservoir to be extracted

Pumpijack, oil recovery
on dry land




Waterflooding Recovery (secondary recovery)

Inject water to drive the
residual crude oil and
gas remaining after the
primary oil recovery
phase to the surface
wells

Recovers additional 20 to 40% of oil originally in the reservoir.
(leaving 50 to 70% still in the ground)



Steam Injection Recovery (tertiary recovery)

Injection Production
Wells Wells
2\

gl Inject steam

(superheated water)
to drive the residual
crude oil and gas
remaining after the
primary oil recovery
phase to the surface
wells

Generator

Recovers up to an additional 80% of oil originally in the reservoir.



Enhanced Oil Recovery with Liquid CO, (tertiary recover)

CO, forces oil out of
tight pore spaces;

In the U.S., there are
~125 active commercial
CO, injection projects
that together inject over
2 billion cubic feet of
CO, and produce over
280,000 BOPD

Recovers up to an additional 50% of oil originally in the reservoir.

https://energy.gov/fe/science-innovation/oil-gas-research/enhanced-oil-recovery



Once 1t 18 extracted, what do we use 1t for?

.




Distillation (‘cracking’)

https://www.youtube.com/watch?
v=VofKBcdZtjo







Distillation (‘cracking’)

Refinary Gas 20°
Small Molecules
* | ow boiling point
= Light in colour
* Easy to light

‘ Bottled Gas

= Petrol for
ey m Vehicles
é Chemicals
¥

Jet fuel,
Large Molecules @.’_, Paraffin for
* High bailing point ™ lighting and

* Dark in colour reaing
* Hard to light :
s Thick Diesel fusls
_ - Lubncating
Crude Qil Lubricating Qils. Waxes,
- ‘\ Polishes
. Fuel for
Ships,
| Factones
Fuel il and Central

Heating

Roads and
Roofing

Fractioning Column
Copyright @ 2009 sciente-resources. oo, uk

Auto gas =5 to 10 C atoms
Naptha = 8 to 12 C atoms

Kerosene = 10 to 16 C atoms

Diesel = 14 to 20 C atoms

Bitumen, fuel o1l =>20 C atoms



Products Made from a Barrel of Crude Oil

Typical Products Made from a
42-Gallon Barrel of Refined
Crude Qil

. ———— 3% Asphalt
— 4% Liguefied Petroleum

10% Jet Fuel ~75% used for
18% Other Products .
transportation

23% Diesel Fuel & Heating Qil

47% Gasoline

Source: U5, Department of Energy.



Artificial Heart Valves
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EVERYTHING [R5 7 Plastic 5

PLASTIC
Is Made From Oil



Remaining years of o1l as of 2015
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Calculated as: known quantity of oil in the ground / annual rate of oil consumption



Remaining years of natural gas (NG) as of 2015
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Calculated as: known quantity of NG in the ground / annual rate of NG consumption



