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Fossil Sunlight — Part 1
Energy from Ancient Life

— OIl and Gas

Rob Kirk
TESEP



Presenter
Presentation Notes
This talk discusses oil and gas and its importance to our world.

We will look at energy considerations and then how we find and produce oil and gas.

The paper was created by Rob Kirk (robkirkconsultants@bigpond.com) 

with the help of many people such as Jill Stevens at ExxonMobil, Brenton Oke (formwerlly BHP),

Peter McCabe inter alia.


Teacher Earth Science Education Programme

Chapter 1
Fossil Sunlight — Topic and Curriculum



Presenter
Presentation Notes
This paper was created in mid 2009 while the new curriculum was still being formulated so final details were not available at time of writing.


Teacher Earth Science Education Programme

Key Terms of the New Science Curriculu

Contemporary science
“Contemporary science involves new and emerging science research and issues of current
relevance such as energy resources and technology, climate change and adaptation, mining
and minerals,...”

Technology (and design)
“Technology involves the designed world, its artefacts and systems, and the infrastructure to
maintain them”.

Structure of the Science Curriculum.

Science understanding-

Science Inquiry Skills-

Science as a Human Endeavour-social and ethical considerations such as global warming,
pollution, energy efficiency and also the multiple different disciplines required.

Connections to other Learning Areas.

“The union of science, mathematics and technology and design forms ‘the scientific
endeavour’. Although each of these areas has an identity of its own, each is dependent on and
reinforces the others. Mathematics knowledge and skills are fundamental to learning science.
Students will need knowledge and skills in areas such as: graphing, ratio and proportion,
converting from one unit to another, scientific notation, an understanding of place in number
(significant figures), estimation and calculation”.

(from Shape of the Australian Curriculum: Science, May 2009-National Curriculum Board.)




K_2 Science comparing, sorting and classifying objects and materials
understanding pushes, pulls, position and motion of objects
living and nonliving things
(5'8 yearS Of ag e) needs, sfructures and growth of organisms
objects in the sky
changes on earth and the effects on living things.

Science inquiry skills explore, be curious and wonder

ask questions and begin to investigate
describe what has happened

make and share observations

use evidence to support ideas.

Science as a human recognise aspects of science in everyday life
endeavour identify work associated with science in the community
care for the environment.

Years 3-6 Science understanding [0 properhes and uses of materials
(8-12 years of age)

e life cycles of organisms
* living things and the environment

¢ chanaes on earth and in space
telationship between earth, moonomd sun
» earth’s resources and their uses.

Science inquiry skills identify q predictions for testing

¢ plan and conduct simple investigations

* observe, describe and measure

® collect, record and present data as tables, diagrams er
descriptions

¢ analyse data, describe and explain relationships

¢ discuss and compare results with predictions

* draw conclusions and communicate ideas and
understandings.

Science as a human . con:uder how science is used in work and leisure

endeavour

. re-::ogmse the effect of science and technology on our

. be aware of the histerical nature of science ideas.

(from Shape of the Australian Curriculum: Science, May 2009-National Curriculum Board.)




Years 7-10 Science understanding
(12-15 years of age)

forms of energy, energ}'r transfer and storage
fersas-and motion

acids and bases

metals and non-metals

elements, compounds and chemical reactions.
Biology

cells and living things

the human body

ecosysfems

theory of evolution and the diversity of living things.
s ionce

structure of the earth and geological history
plate tectonics and geological phenomeng
stars, galaxies ana me omverse.

Science inquiry skills ermUfale scientitic questions or hypotheses :
design and conduct science investigations mvolwgﬁ

measurement and Tepeared Tt

¢ gather and organise data from a variety of sources

* analyse and test models and theories based on the

evidence available

explain and summarise patterns in data using science

concepfs.

Science as a human be aware ofce v sh-qs water and
endeavour its manade research,

apply scientific undersmndlngs Io make responsible,
ethical and informed decisions about issues

be aware of the nature of science and research of
Ausiralian scientists

* appreciate that science provides rewarding careers

* appreciate the diversity of people who have confributed
to, and shaped the development of, science.

(from Shape of the Australian Curriculum:
Science, May 2009-National Curriculum
Board.)
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Chapter 2
Oil, Gas and Coal Products



Presenter
Presentation Notes
Coal will be dealt with in more detail in Part 2.
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Uses of Ol

* OIll Is used for making electricity, plastics, transport
fuel, fertilizers and pharmaceuticals

e Natural gas (methane) is used for making electricity
and can be converted to liquids for plastics etc

« Coal is the main energy source, as coke, for the steel
Industry and is most important for producing electricity,
and is now also becoming a key source of natural gas

A hydrocarbon (oil and gas) is an organic compound
consisting almost entirely of hydrogen and carbon



Presenter
Presentation Notes
The students need to understand how important oil and gas are to our modern world.

Get them to think about which uses are the most important.

Plastics? Transport? Medicines?

As it runs out what should we prioritize?

http://en.wikipedia.org/wiki/Organic_compound
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Carbon
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Types of “fossil sunlight”

« CRUDE OIL

— Liquid in the reservoir (due to lower pressure and temperature)

and possibly not a liquid at the surface
— Range from tars to waxes to light olls
— Usually contains gas in solution

« NATURAL GAS (methane)

— Gas in the reservoir and at surface conditions
— May contain liquids which “drop out” at the surface (condensate)

e OTHER GASES
— Inerts - H,S, CO,, N,, He
— Their properties affect recovery & facility design
— Helium is rare but valuable




Types of “fossil sunlight”

« COAL

Teacher Earth Science Education Programme

Varying in grade from brown coal to anthracite with increasing
heating value

Coke is coal heated in the absence of oxygen and is used for
steel making

Coal can be converted to liquids, similar to some petroleum
liquid
COAL SEAM GAS

Gas in the coal seams - same gas as found when exploring for
oll (i.,e. methane, CH4)



Fubber
Plastic
Paint

Synthetic cloth, such as nylan

Biturnen {(asphalt or tar) for road surfaces and building
Lubricating oil for engines and other machines

Drugs and creams (2.9, Yaseling)

Diesel fuel

Lubricants,

Furnace oil,
bitumen

1. Paper Cups — Paper cups are coated with plastic orwax in order to make them
waterproof. Wae know plastic is derived from oil or natural gas, but did you know most wax
is ton? The type ofwax used to waterproof paper cups is polyolefin wax —which is a
polymer derived from oil or natural gas.

2. Candles — Speaking of wax, did you knaw that candles are also made from palyalefin
wax'? A natural alternative to burning polvolefinwax candles are heeswax candles.

3. Fruits & Vegetables — That wax coating on your store hought fruits and vegetables is
fyou guessed it) also made fram petroleum.

4. Reusable Shopping Bags — Many reusable shapping hags on the market today are
iranically made from the same oil derived materials they are desioned o replace.
Reusable shopping hags are typically made from non-woven polypropylene — PP or resin
ID code & for short.

TABLE 1. PETROCHEMICALS USED IN MEDICINE http:/imysite, verizon, netivze49Shzfidl 9, hkml
I. Phenol, acids and anhydrides, alkanolamines and aldehydes:

Used for: analgesics, antihistamines, antibiotics, antibacterials, sedatives,
tranguillizers

1. Esters and alcohols:
Utilized in process of fermentation to manufacture antibiotics.

Ill. Polyethylene glycols, hydroxyethyl celluloses and watersoluble ethylene
oxide polymers:

Used as tablet binders and pill coatings.

IV. Other

Essential uses in pharmaceutical products, from aspirin to penicillin molds.
Common medications may require ethanol a5 a salvent to extract the
antibiotic agent; polyethylene glycol is used in rectal suppositories; and
phenylpropanclamine is used in cough syrups.

We think of oil making petrol,
kerosene and bitumen but we may
not think of it making medicines,
cloth, rubber and all our plastics.
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Ammonia, Anesthetics, Antihistamines, Atrtificial limbs,
Artificial Turf, Antiseptics, Aspirin, Auto Parts, Awnings,
Balloons, Ballpoint pens, Bandages, Beach Umbrellas,
Boats, Cameras, Candles, Car Battery Cases, Carpets,
Caulking, Combs, Cortisones, Cosmetics, Crayons, Credit
Cards, Curtains, Deodorants, Detergents, Dice, Disposable
Nappies, Dolls, Dyes, Epoxy Paint, Eye Glasses, Electrical
Wiring Insulation, Fertilizers, Fishing Rods, Fishing Line,
Fishing Lures, Food Preservatives, Food Packaging, Garden
Hose, Garbage Bags, Glycerine, Glue, Hair Colouring, Hair
Curlers, Hand Lotion, Hearing Aids, Heart Valves, Ink, Insect
Repellent, Insecticides, Linoleum, Lip Stick, Milk Jugs, Nalil
Polish, Oil Filters, Panty Hose, Perfume, Petroleum Jelly,
Rubber Cement, Rubbing Alcohol, Shampoo, Shaving
Cream, Shoes, Solvents, Toothpaste, Tap Washers,
Upholstery, Vitamin Capsules, Water Pipes, Yarn

The more you look the more you see how important oil is
for our modern world.


Presenter
Presentation Notes
Make up a sheet for the students to fill in as they look around their home etc for oil-related products.
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Apart from using oil to make fuel and lubricants,
petrochemicals made from oil are part of everyday life.
Take an average teenager’s bedroom...


Presenter
Presentation Notes
Ask students to bring a picture in of their bedroom or car’s interior etc and go through with them what is made from hydrocarbons.

Could also walk around the school making a list of hydrocarbon-based materials.
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The same room after removal of all the products
that use petroleum in their production...

The carpet should probably go as well and without the
energy from oil and gas everything else would go also!
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Chapter 3
The World’s Energy Supply




Teacher Earth Science Education Programme

 The world’s energy mix (renewables
versus non-renewables)

« How do we get energy from them?
 What are they used for?

 Where are they found?

« How much do we have left?

 \WWhat are the costs involved?



Teacher Earth Science Education Programme

The world’s main energy sources
are currently:

* OIl «Fossil plants and animals

Deep gas and coal gas «Fossil plants and animals
Coal «Fossil plants

Coal seam gas «Fossil plants

Nuclear «Radioactive decay of nuclei

With renewables coming soon:
« Solar -direct (photo-voltaic) and indirect (steam generation)
e WInd «Weather-requires solar

o Tidal-wave «Gravity effect of moon but water requires solar
o Geothermal «ultimately radioactive

(red text = fossil energy, blue text = non-fossil

enerav)
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The world’s main energy sources
are currently:

* Oil (also makes various liquid fuels, plastics, pharmaceuticals etc)

* Deep gas and coal gas

» Coal (also makes coke for steel production and can be converted
to liquids, similar to those from oil)

» Coal seam gas

* Nuclear

» Solar-direct (photo-voltaic)

» Solar-indirect

* Wind

 Tidal-wave

o Geothermal

Electricity is made by converting water to steam to drive a generator-red.
...and directly drives a generator-blue
...with only solar voltaic cells directly making electricity.
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 Why should we worry about future energy? Isn’t there plenty
* The graph shows that energy use has doubled in 40 years

* And our oil reserves are getting smaller

» And there are greenhouse gas issues with oil, gas and coal

B 1
TW

1 -

"uw';r sl o -
AP o :
< =

Wikipedia, 2007 world energy

il consumption per capita (darker colors represent mare consumption)).

This graph shows world energy use in tera watts
from 1965-note that all have at least doubled
since then-we are going to need a lot more
energy from somewhere.

Oil consumption per capita
(darker colours represent more consumption
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Projected World Energy Supplies
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.. : (AAPG, after Edwards, 8/97)
Predictions of energy use into the future and

what that energy mix might look like.


Presenter
Presentation Notes
Get the students to name as many different energy sources as they can-maybe use the internet as well.
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AUSTRALIA’S CURRENT AND
PROJECTED ENERGY NEEDS

«Australians spend about $50 billion on energy each year,

while energy exports earn more than $24 billion a year. The
sector involves massive, long-lived capital items such as electricity
plants, transmission lines, coal, oil and gas production facilities, pipelines,
refineries, wind farms as well as a multitude of smaller facilities such as
wholesale and retail distribution sites.

Demand for energy in Australia is projected to increase by
50% by 2020, and the energy industry has estimated that at least $37
billion in energy investments will be required by 2020 to meet the nation's
energy needs.

*Meeting this increased demand for energy, while moving to a
low-emissions future, is a key challenge facing Australia's
future growth and living standards.

Source: National Energy Policy paper:
Securing Australia’s Energy Future, 2004
http://www.dpmec.gov.au/energy_future/
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e — - | |

Geothermal 0.2% /

Biofuels 0.2%
Wikipedia, 2007 world energy Solar photovoltaic 0.04%

Oil, gas and coal are currently the most important
suppliers of the world’s energy.
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World OIl, Coal and Gas Reserves

B ol B Coal

Source: World Coal Institute

Asia B
Ocaana

Most of the oil is in the Middle East with large amounts of coal
in Russia, USA, China, India and Australia.
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< 1 Billion Barrels (BBO) I 40 - 80 BBO
| - 20 BBO B 50 - 160 BBO
20 - 40 BBO B > 160 BBO

The world’s oil: Conventional oil endowment (cumulative production plus mean estimates
of remaining oil reserves and undiscovered oil resources) by province in billion barrels of
oil (BBO) for 128 oil provinces. World data are from the U.S. Geological Survey (USGS) 2000
assessment of world petroleum resources; U.S. data are from USGS (1995 assessment) and
from the Minerals Management Service (1996 assessment). USGS image.

Global Petroleum Resources: A View to the Future
Thomas S. Ahlbrandt and Peter J. McCabe

http://www .geotimes.org/nov02/feature_oil.htmi

Most of the world’s oil is in the Middle East. /



Presenter
Presentation Notes
Many countries’ foreign policies involve the Middle East and take into account the dominant oil supply position there.
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= rld’s oil 22—

'f’reserves are

51% of the
world’s oil
reserves are in
these 33 fields

0 35,000
% BOLIVAR
0
35,000 i
p ’ )
l h v i o
D d

of the World's
Oil Reserves
re in more tha
29,700 Fields

The world’s oil is mostly in a few fields in
Saudi Arabia, Iraqg, Iran and Kuwait.
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(source-Wikipedia)
.:» 100 Gb @ 100-61Gb @60 - 21 Gb 20-1Gb

The map shows the location of all oil found (Gb is billion barrels) — the top
17 fields have some 1200 Gb left. We are producing nearly 30 Gb a year so
probably have less than 40 years supply left without any new discoveries.


Presenter
Presentation Notes
Oil is getting more difficult to find and much more expensive to find.

A lot of the infra structure for old oil fields needs replacing - especially in the Middle East.
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Peak OIl

“Peak OIl” — refers to the fact that the world’s
yearly production of conventional oil will reach a
maximum and then probably stay on a plateau
before declining. The problem is predicting when
that peak will occur and how wide the plateau will
be. In America the peak occurred in 1970.


Presenter
Presentation Notes
Peak oil is a much debated figure and is “rubbery”.

There will always be some oil left but it will get more and more expensive.

We will need to decide what are the most important uses for oil.

Air transport? Plastics? etc etc

Get the students to think about what $200 per barrel oil would mean. Discuss it with their parents.

What will happen to boating and caravan holidays, regular overseas travel, remote rural communities?
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Source: BP Statistical Review of World
Energy 2006; www.bp.com

Proved reserves at end 2008
Tnthon culbne matres

14.65 1538 |szma [75.91
Africa -‘_';'-_'_ ! -_:I_J-::E widdle East

The graph shows the world’s gas reserves — some 185 TCM (trillion cubic
metres), with world production in 2008 of some 3 TCM, so perhaps 60
years supply left without new discoveries.


Presenter
Presentation Notes
This BP study is worth looking at as it is very comprehensive.
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AUSTRALIAN EXAMPLES
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Australia’s main oil and gas bearing basins.



Presenter
Presentation Notes
Most of Australia’s oil has come from the Gippsland Basin in Victoria but this is rapidly running out.

We have very large supplies of gas in western and northern Australia and we probably need to think about using more of this for our own power generation.

Do we have to think about saving some gas for Australia’s future use or just export it all? 


< 6 Trillion Cubic Feet (TCF) Bl 240 - 480 TCF
6 - 120 TCF B 450 - 960 TCF
120 - 240 TCF B > 960 TCF

The world's gas: Gas endowment (cumulative production plus mean estimates remaining of oil
reserves and undiscovered natural gas resources) by province, in trillions of cubic feet of gas
(TCF) for 128 gas provinces. Note that 6 TCF equal 1 BBO in energy equivalent units. World data
are from the U.5. Geclogical Survey (USGS) 2000 assessment; U.S. data are from USGS (1995
assessment) and the Minerals Management Service (1996 assessment), USGS image.

http:/lenergy.cr.usgs.gov/WEcont/chaps/PS.pdf
The world has large supplies of gas. Gas is cleaner than coal.



Presenter
Presentation Notes
Australia is becoming more significant as a future gas supplier to the world.

Western Australia has huge gas supplies and many new developments will be seen in the next decades.
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The World’'s Coal Reserves
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The world has large supplies of coal,
especially in the northern hemisphere,

but what impact will global warming and
the endeavours to mitigate it, have on

future coal mines?

Source: BP Statistical Review of World
Energy 2006; www.bp.com

The table shows the world’s coal reserves-some 910,000Mt, with world
production in 2006 of 6200Mt and rising, so real depletion is around 2060.



Presenter
Presentation Notes
Queensland has huge reserves of black coal which is less polluting than the large brown coal reserves in Victoria.

A discussion of green house emissions means we need to think about future coal mines and future coal power stations.


Alternative Energy Sources



Presenter
Presentation Notes
Australia needs to become more pro-active in using renewable energy sources as it is lagging behind UK and USA in this.

There are likely to be serious debates in Australia in the future on the use of nuclear power.


dominated by:
* OIll, gas and coal
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 The world’s main energy sources are

« But renewables are becoming increasingly

more important

‘ Nuclear 6%

Wikipedia, 2007 world energy

Geothermal 0.2%%/

Biofuels 0.2%
Solar photovoltaic 0.04%
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Renewable Energy, end of 2006 (GW)

B Large hydropomer

B Biorass heating *

O Solar collectors for hot
water/heating (glazed)™
nd turbines

OWind turb
W Smal hydropowser
< 3%
[0 Biomass power .
W Ethanol production ™ . < 5%
0 Geotherrmal heating ™ I:I = 10%
B Geotherrmal power 5
[ ]<15%
B Biodiesal production™
L]
0 Solar PV, grid connected . > 15%
[ Solar PV, off-grid

B Concentrating solar
thermal power (CSF)

A . * GWth W Ocean {tidal) power
Wikipedia, 2007 world energy * billion litersfyear

World renewable energy in
Gigawatts — 2006.

European Union renewable
energy as percent of total
energy use.
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Uranium cycle

©
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tation jpy (679 = GO0 pixels, le sae. 50 KB, MIME Iype imapsipeg)

World nuclear power generated in 2008 is 2738 TWh (tera-watt hours) (620
Million tonnes oil equivalent). This is a non-renewable power source but there

are enough uranium reserves for 100—-200 years but with recycling/reprocessi
1000+ years.

For more on Nuclear & Alternative Enerav see “Powerful Stuff’ TESEP PD
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Variable supply

Based on apposimacly 30 recordirg stations
WMog! ctalions Zomtar at laast 15 poars ol records

AREAS FOR SOLAR ENERGY PROVISION IN AUSTRALIA

Source: www.dpmc.gov.au/energy_future/
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Australia has a massive solar energy resource
that has hardly been tapped.



Presenter
Presentation Notes
Australia is a prime location for solar power generation and Victoria will be hosting a pilot project.
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ety (R

Solar thermal power plant

Solar hot
water

Solar voltaic
plane

Solar can be used directly to make electricity via solar cells (voltaic) or _
indirectly by heating water (thermal) to make steam to drive a turbine to mak |
electricity. |



| The bio-fuels use
-/ alcohol made from
B plants and this is mixed
Bl with petrol.

| Htp:fm.m.m.wﬂdﬂmgﬁutsﬂ

Hydrogen Fuel Cell
WalerQut -

\'.:l

Bio-diesel

]

Wind power

Hydrogen Cxygen
In ==z o ol In
L+ J— . =
ek
-]
——rgh

Wave and tidal power

| Hktp: ffen wikipedia, arg)wiki/Fil

. Hydrogen fuel cell power
Some additional renewable energy sources

For more on Nuclear & Alternative Energy see “Powerful Stuff” TESEP PD
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| hittpfhenana, aad . gov . auMedialibr ary/ assetimediaitemns) High Pressure

Storage
600 litres

Mobile Storage
300 litres

Refuelling

Future wind powered hydrogen generation project-Australian Antarctic
Division. Uses wind energy for air compression and to generate
electricity to electrolyse water to make hydrogen and oxygen.



http:/www.dpmec.gov.au/energy_future/
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Current Plantation Extent
CROPPING

Cereals

Hay & silage

Legumes

Oilseeds & oleanginous fruit
Sugar

Cotton

*. Other cropping

FOREST BIOMASS
( Land cover change)

Tropicaltemperate forests
Open forests
Woodland/scrub

)
ﬁ Source: www.dpmc.gov.au/energy_future/

Potential biomass feedstock in Australia

Don'’t forget that we will produce a lot of CO2 by using organic biomass!



Presenter
Presentation Notes
Get the students to think about the pros and cons of biomass.

Burning releases CO2. Planting non-edible crops means that food crops will be less.

Large biomass plantings can push up the price of grains around the world and affect poor countries.




conductivity

Low thermat

sediments

Hot granite

30 cutaway showing electricity generation from a hot
dry rock source - diagram modified from AN Hot Rock Energy

wehsite (hitp ffhotrock anu.edu.au)

Geothermal engineering uses the
heat of the earth (from radioactivity at

depth) to heat water to make steam

Frome project — ¢ =

Crower project I . =
R to drive a turbine to make electricity.
For more on Geothermal Energy

Heat map of Australia showing the
likely regions that our geothermal see “Hot Rocks” TESEP PD

power will come from.


Presenter
Presentation Notes
There are many geothermal exploration projects under way in Australia at present and one or two pilot plants being built. This is likely to be an important source of energy in the future.
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Approx. value per barrel (159 litres) in $Aussie

$1000

$800

$600

$400

$200 I

0 S N
< SONS

Oil is cheaper than a lot of other liquids we use!


Presenter
Presentation Notes
Oil is actually cheap when compared to other liquids-the trouble is we need so much of it!

Ask students to go home and talk to Mum about costs of different liquids she buys and then calculate their per barrel cost and compare to oil.
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The oil price through time has fluctuated but is likely to only
increase in the future as it becomes harder to find.



Presenter
Presentation Notes
Oil price is likely to rise substantially in the near future and will necessitate a lot of rethinking of how we currently operate.
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Some costs for oil companies are
very large because:

*90% of oil and gas exploration wells falil to find any oil and gas or
don’t find commercial quantities of oil and gas

*Wells cost from $1 million (onshore) to over $100 million (deep
water off-shelf depths) each

*When a discovery is made usually 5 to 10+ development wells will
be needed

*Pipelines cost $100’s millions
*Seismic costs many $ millions for each survey

sTaxes, royalties and other “rent” taxes etc take a large amount
away from the barrel price of oil that the company receives when it
finally sells the oil
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References

o Peter McCabe (formerly USGS, now CSIRO)
e Discovery CD (Fusion)
« APPEA
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Web sites

WWW.pir.sa.qgov.au/dhtml/ss/

www.geotimes.org/nov02/feature oil.html

www.enerqy.cr.usgs.qov/WEcont/chaps/PS.pdf

www.en.wikipedia.org

www.dpmc.qov.au/enerqy future/

www.bp.com Statistical Review of World Energy



http://www.pir.sa.gov.au/dhtml/ss/
http://www.geotimes.org/nov02/feature_oil.html
http://www.energy.cr.usgs.gov/WEcont/chaps/PS.pdf
http://www.en.wikipedia.org/
http://www.dpmc.gov.au/energy_future/
http://www.bp.com-statistical/
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Chapter 4
Oil and Gas Exploration

Section A
What is Exploration?




What Is Exploration?

Teacher Earth Science Education Programme

Oil and gas is found by teams of scientists that
Include geologists, geophysicists, petrophysicists,
biostratigraphers, engineers, geochemists, drillers
and many more

We need to find a source rock which makes the oll
and gas, and then we have to understand how it
moves from the source into the reservoir and how it
IS trapped In the reservoir by seals

Many tools are used in exploration including seismic,
wells (drilling rigs), well logs, biostratigraphy, cores
and cuttings

This chapter will explain the tools and methods used
In exploration


Presenter
Presentation Notes
See

PESA poster: Sedimentary Basins & Oil and Gas Exploration

PESA poster: Careers in Earth Science

www.pesa.com.au (in TESEP section 5 PESA geological posters can be downloaded)
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Some petroleum industry myths

'|"I-H|I-'I=_'u-.r=.l:_:! iR |

e You can find oil & gas almost .o fE
anywhere

e QOIll & gas are made from dinosaurs

e OIl & gas occur under the ground
In big, open caves



Presenter
Presentation Notes
Oil and gas is only found in a few areas as the rocks that make it are very rare.

Most easy to find oil and gas has already been found and future discoveries are likely to be small and will cost a lot to get to market.


Montebello —
W | i Islands™"
| L i
= .._..u-:-" i i — ey
|u::l | m : TR .llln- - - _I_l'|| WA 25
“—f, | | ';1;’ nul ] | :
i Wi maur -1 [ 1 1 :
'3 ] .
T ]
| WAEF ATTLAND
e L .- = - = WA 2 A TASR | Wh 14| WA TERP
o ey { v { ¥ CH o+
s P Al [ 7
| % ) (LU J w0
_Tlﬂ_: 1 -"-'I'hn;ﬂ i 4 Fm rwm
| Earrn?.' Is. IIr"
WL i ! -
| nea ]

- Memphg

fl .
el i
LT e e ———
M‘ﬁlﬂ‘_ e i 1o,
na
- L - - Fa =y M_,; -'qu -
s | A P Wh 2P| [wazsrl, pod f : 3 * X
||'. | 2 3 Wi 1A L= fagrow 1
e d @ : isthap {| 7
= — | | = = = e ek
I (] | AAF
u

Weana llps 7 Opret

L _ 1\r_:_-|.I : 1 e _Wﬁ-l_lﬁi:a_@:n: v WolSTEOTT l-'l ’
T L i i ! Nk | / 20 | ]
f-'ii':i:'f‘f'_ wm : \' 5 - forma
M s ¥ia [ I /l ’> xi ] A\ |
. a7 | Y o Wi T i ' . Gas Field
Before exploration. 5t il BF g e 6l 4. Oil Field
N R | | I

After exploration.

A “typical” hydrocarbon-rich basin, in Western Australia, shows gas fields in red and
oil fields in green with pipe lines taking the oil and gas to processing plants on shore.
The irregular squares are the permits which companies have “bought” to explore in.
They do this by proposing to drill wells and shoot seismic data. The companies that
will spend the most in exploring the permit are granted the right, by government, to
explore the permit for an agreed number of years.
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The Exploration “Game”

» Exploration for oil and gas is largely a game of chance!

» The stakes are very high and the cost of losing that game
may run into many millions of $$$

» Excise 70% of the ocean (very deep, permanent ice) and
10% of land area (Antarctica, highest mountains) and we
have 245 million km2 available but..

« ...random exploration has a chance of 1:250 of being
successful, which might cost $5 billion per discovery

* We can reduce the risk of losing by using a range of
sciences and technologies, such as geological, N
geochemical and geophysical data and studies Q‘

0


Presenter
Presentation Notes
Most people fail to realise that 80% of the time we fail to find oil or gas. No other business work on a minimum of 80% failure rate!
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The Exploration “Game”

» Exploration investment may be as little as a few $100,000
or as much as tens of $millions (this does not include costs
to obtain the right to explore in an area, which can be
substantial)

* Focussed exploration may improve your chance of success
to 1 in 10, (around A$200 million per discovery). It may
even be better than 1 in 4 (< A$80 million per discovery).


Presenter
Presentation Notes
See “Game of Chance” Exercise


Teacher Earth Science Education Programme

Section B
The Geological Framework —
Exploration for Oil and Gas
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Finding And Producing Oil & Gas™

* Petroleum geology fundamentals
* Exploration tools & methods

 Drilling
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Metamorphic - rocks

lgneous - cooled Sedlmentarv - rock

molten rock from the that have undergone fragments that have
Earth's mantle e.g. heat and deformation combined to create new

granite, basalt since their original rocks e.g. limestone,

formation e.g. slate, sandstone and shale
gneiss

Hydrocarbons : Hydrocarbons : Hydrocarbons :
very rare very rare less rare


Presenter
Presentation Notes
Since Igneous and Metamorphic rocks have undergone temperature transitions above 250oC we do not expect to find oil and gas contained within them.
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Improving exploration success

Sedimentary Rocks

Sand, silt and clay are eroded from any positive topography (i.e.
above sea / lake level). They are carried by rivers into lakes and
oceans where they eventually settle to the bottom. These
“clastics” may also be carried by wind. With burial (=> pressure)
and time, they form sedimentary rocks.

The geological depressions which form the final resting place
for sediments are called “basins”.

The oceans also contain carbonate reefs and shelfs, other types
of sedimentary rocks.


Presenter
Presentation Notes
Also carbonates (limestones, reefs) are very important reservoirs for oil and gas-esp in the Middle East.
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Improving exploration success

What are sedimentary basins and how do we
find them ?

« Sedimentary basins form at continental margins (present
and ancient), and within continents, in response to plate
tectonics.

» Sediment thickness in a basin can be from a few metres
to tens of kilometres.

*As continents move, they can create space for sediments
to accumulate.

See PESA Sedimentary Basins Poster.


Presenter
Presentation Notes
Use the references section to show plate tectonic animations to the students as many do not appreciate just how dynamic the earth is. This can then take in a discussion of earthquakes, tsunamis etc.



See PESA Sedimsntary Basins  poster   www.pesa.com.au  (TESEP section – 5 geological posters can be downloaded)
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| Rkt v glossary ailfield, slb.com,

Sedimentary basins are depressions, where sediments accumulate
over time. Most of the world’s oil, gas and coal are found in
sedimentary basins (green and purple on map), which are produced by
various plate tectonic stretching (extensional) forces.



PERMIAN
225 million yaars ago

CRETACEQUS
85 million yaars ago

Plate tectonics create and destroy
sedimentary basins over millions
of years.

PRESENT DAY


Presenter
Presentation Notes
There is a good exercise from GA in the activities section where the students cut out the plates and assemble them on a basketball.

Get the students to think about the climate implications of plates moving around the world.
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Continental break-up and basin formation

SOUTH AFRICA

AMERICA

Sedimentary basin

Sedimentary basin

Passive Margin
Sediments

Ocean  \tid-Ocean
Crust \ Hidg e

Continent

Ocean lithosphere

/ Chamber

Asthenosphere

| kg i fen. wikipedia,orgfwiki



Presenter
Presentation Notes
Show the students the plate tectonic movie in the movies section.


Ocean sediments
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Presentation Notes
PRESENTER’S NOTES



STRUCTURAL TRAPS:

Anticlinal - basically a folded dome (buried hill). Roughly circular. Hydrocarbons may migrate from all sides to the top of the anticline where they are contained by an impermeable roof

Fault - may be tensional, compressional or lateral slip faults. Very common in Australian basins

Salt dome (Diapers) - are formed when salt beds are buried below 4000 metres and the pressure causes the salt to intrude up faults or other zones of weakness.



STRATIGRAPHIC TRAPS:

Stratigraphic - formed through deposition or reservoir alteration rather than structure








'®)
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Basin formation — scale and duration example

Coastline

J Canada Basin & Mackenzie Delta

McCabe 2005 100 km /
a4 ’



Presenter
Presentation Notes
Canada Basin occurs offshore from the Canadian Northwest Territories
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Exploration tools — looking for and
studying sedimentary basins

TN

‘Surface outcrop

Gravity . and"
magnetic:data_

Sees o



Presenter
Presentation Notes
Geologists go on field trips to look at rock outcrops to better understand them.

Data from satellites such as height, Landsat images, radar images etc can be useful for studying regional geology.

Gravity and magnetic data can be gathered on land , in ships or planes and are useful for showing geologists where sedimentary basins are deep under the earth.

Seismic data are one of the most important tools and basically give the geophysicist vertical “pictures” through the earth.



See DVD film “Geophysics -The One”

See animation film - 3D seismic cube
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The Petroleum System

The six elements needed to make an oil or gas deposit :

*SOURCE — ingredients to make the oil & gas
‘RESERVOIR — rocks to contain it

‘MIGRATION — the path from source to reservoir
*TRAP — to hold it in place underground
*SEAL — rocks to stop it leaking away

*OVERBURDEN - rocks above to provide pressure and to insulate

Reservoil

RECK

See also PESA Sedimentary
Basins Poster.



Presenter
Presentation Notes
Oil and gas are made from either organic rich marine shales-made of compressed tiny animals and plants, or from coals.

Reservoirs are rocks with tiny holes between the grains where the oil and gas are contained - there are rarely large holes.

Oil and gas are made when the source rocks are heated at great depth and pressure and the gas/liquids are released. A large thickness of overlying rocks (“overburden”) are required to achieve the correct temperatures and pressure.

These move slowly up (being buoyant) through the tiny holes and also up fault planes (large fractures) until they reach a seal, like claystone, which prevents further movement.
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The Total Petroleum System

‘the essential elements and
processes as well as all
genetically related hydrocarbons
that occur in petroleum shows,
seeps, and accumulations whose
provenance is a single pod of
active source rock (Magoon and
Dow, 1994a)".

Elements
*Source Rock
*Reservoir Rock
«Seal Rock, and
*Overburden Rock

Processes o &
*Generation 23S
. . Q3
«Migration ®8
«Accumulation and g
=

*Trap formation

By L.B. Magoon and JW. Schmoker, 2000 THE TOTAL
PETROLEUM SYSTEM—THE NATURAL FLUID NETWORK
THAT CONSTRAINS THE ASSESSMENT UNIT in U.S.
Geological Survey Digital Data Series 60

hitp://energy.cr.usgs.gov/WEcont/chaps/PS.pdf

Modern exploration uses the concept of the “Petroleum System” which leads to
systematic study of the correct elements and processes needed to find a field.



Presenter
Presentation Notes
All the different elements of a petroleum system are mapped separately and then these maps are laid over each other to look for common regions where all elements are present-this is what this map is trying to show.
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""" POD OF ACTIVE
SOURCE ROCK

Petroleum accumulation (A}

Fold-and-thrust bell: arrows
indicate diraction of relative motion
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B seal rock
Reservoir rock

| Source rock

) | Underburden rock

Basamant rock
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e oo 10p gas window

[ | Overburden rock

Sedimentary
[~ basin fill

The petroleum system concept is applied to a sedimentary basin where all the
elements need to be in the right place at the right time with the most important

element usually being the presence of a mature source rock.

Mature source rocks have been heated to a significant temperature over a
long period of time, through burial in a sedimentary basin. Burial and heating
results in some organic matter being converted to oil or gas after many

millions of years.

(from Magoon and
Dow, 1994.)
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The Petroleum System

SOURCE ROCKS

Organic matter, mostly from algae and plankton in certain types of rocks
(typically organic matter rich shale) and deposited in quiet oxygen-poor
environments, may, over millions of years and high temperatures/

Organic-rich thin dark laminae in ashale 1.

— i B | ———

SE

1Inch s

I% Total Organic Carbon

Various organic
rich source
rocks in outcrop.



Presenter
Presentation Notes
Marine shales, fine grained algae-rich carbonates (lime muds), lacustrine (lake) shales and coals can all be source rocks - if they are rich enough in unoxidised carbon (i.e. they don’t get exposed to air, where bacteria can decompose them) and they get buried to just the right depths.


The remains of
plants and animals
are washed down
with sediments into
lakes and oceans.

Over millions of years the
weight of sediment
compresses them into
sedimentary rock.

 Buried deep in the Earth under |
great heat and pressure,
organic matter is converted
into oil & gas molecules in a
hydrocarbon “kitchen”. f

Source: Australian Petroleum Resource Book


Presenter
Presentation Notes
PRESENTER REFERENCE NOTES

PETROLEUM IS BELIEVED TO ORIGINATE MAINLY FROM FOSSILISED ORGANIC MATERIAL KNOWN AS “KEROGEN”



THIS MATERIAL CONSISTS OF:

 MARINE MICRO-ORGANISMS SUCH AS PLANKTON AND ALGAE, AND

LAND-BASED PLANT SPORES, POLLEN, LEAF TISSUE AND WOODY MATTER



THE OCCURRENCE IN PETROLEUM OF “PORPHYRIN PIGMENTS” (INCLUDING “HEMIN” - RED COLOURING OF BLOOD, AND CHLOROPHYLL - GREEN COLOURING OF PLANTS), PLUS NITROGEN ADDS WEIGHT TO THE CURRENT THEORIES THAT PLANT AND ANIMAL MATERIAL IS THE MAIN SOURCE OF PETROLEUM 



THE CRITICAL TEMPERATUREFOR CRUDE OIL FORMATION IS BETWEEN 110 AND 130 DEGREES CELSIUS
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Formation of Hydrocarbons - Organic matter
from tiny marine animals and algae as well as
land plants loses oxygen to form hydrocarbons

T RCACRCACRCACTH
Gasolineay @ m @ & & ®m

Ty, chermistryland, comfElementary School {BuildingBlocksfhydrocarbonsMare. jpg




the organic matter from which some oil and gas are derived. Microfossils are also
used for dating the age of the rocks or strata (beds) (in millions of years). This is the
discipline of the Biostratigrapher (a palaeontologist who studies microfossils).


Presenter
Presentation Notes
Use microfossils to correlate between wells in the Barrow Delta Stratigraphy Exercise.



Most of these animal and plant fossils are tiny and fit on the end of a pin. These are studied using a high powered microscope.

Some microfossils are so small that a scanning electron microscope is needed to study them.

A branch of Palaeontology (the study of fossils):

A Palaeontologist who studies microscopic fossils of organic microplankton remains , as well as spores (from ferns) and pollen (from conifers and flowering plants) is called a Palynologist.

A palaeontologist who studies microscopic plankton fossils made of silica (radiolaria) or carbonate material  (calcareous nannofossils and foraminifera) is called a Micropalaeontologist.

A general name for these specialty palaeontologists is Biostratigrapher.


The petroleum system

RESERVOIR ROCKS
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Porous rocks, usually sandstone or carbonate, provide the container to
hold petroleum after it has formed.

Reservoir rocks require adequate porosity and permeability to contain
and flow oil & gas.

Porosity is the percentage of a rock that is made up of holes (or pores).

Permeability is a measure of how well connected the pores are (and
how easily a fluid can flow through the rock).

For oil and gas to be produced to the surface their reservoir rocks need
to have good porosity with good permeability (at least 12 to 20% of the
rock volume needs to be well-connected pores).

The best reservoirs are often porous carbonates-such as fossil reefs,
and also fossil rivers, deltas and submarine fan sands.


Presenter
Presentation Notes
Also carbonates make excellent reservoirs if they have good porosity and permeability. Carbonates are more complex than sandstones as their porosity-permeability may develop much later, due to weathering processes and dissolution of carbonate called “diagenesis”.


be solid rock

Good reservoir-lots of holes (blue).
Thin section shows a conventional sandstone reservoir that has
been injected with blue epoxy to highlight pore space. The pore

space can be seen to be interconnected so gas is able to flow
easily from the rock (porosity does not always=permeability).

http://energy.usgs.gov/factsheets/Petroleum/reservoir. html
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Petroleum resides in what appears to

The word petroleum means
rock oil - from the Greek -
petros (rock) and Latin -
oleum (oil)

oL 20

Bad reservoir-few holes (blue).
Thin section of a tight gas sandstone. The pores are irregularly distributed
through the reservoir and much less than the conventional reservoir. The
pares are poorly connected by very narrow capillaries resulting in very low
permeability. Gas flows through these rocks at generally low rates and
special methods are necessary to produce this gas.
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Reservoir rocks —
porosity & permeability

Qil Globules

Sandgrains

Pores

Water

A rock is porous when it has many tiny
spaces, or pores

N3

A rock is permeable when the pores
are connected



Presenter
Presentation Notes
Porosity is the small holes that contain the oil and gas but the permeability is how well connected the holes are and hence how easily will the oil and gas come out of the ground.


Reservoir rock environments of deposition.
Geologists study modern outcrops to understand
the buried old rocks.



Presenter
Presentation Notes
Geologists study modern environments to better understand the ancient ones which contain the hydrocarbons.
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SEALING ROCKS

Because they are less dense
than water, oil and gas are
buoyant and will continue to rise
to the surface unless prevented
from doing so - here we see the
gas sitting on top of the denser
oil which is on top of the denser
water - trapped at the top of a
fold in the rocks by a seal.

Seal (or cap) rocks need to be
strong enough to hold an
economically significant volume
of petroleum.

Shales are the most common
sealing rock. Other types are
salt, carbonate and volcanics.


Presenter
Presentation Notes
Seals have to be able to hold the gas and oil for a long time - usually millions of years. This is why we already know that CO2 sequestration should work if we put CO2 from coal power stations etc back into depleted oil and gas reservoirs.
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TRAPS

A hydrocarbon trap is formed by the occurrence of the right types
of rocks in the right places.

Structural and / or stratigraphic traps hold the oil and gas
underground within reservoir rocks, and sealing rocks prevent it
from escaping to the surface.

4R e N 1 £
Younger Rocks \—/

==

‘Younger Rocks
Younger Rocks

Older Rocks

Older Rocks

Older Aocks

ANTICLINE FAULT - BLOCK STRATIGRAPHIC



Presenter
Presentation Notes
Also carbonates. Structural traps are usually much more reliable than stratigraphic traps.
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Stratigraphic trap

Containing Rock
(Reservoir)



Presenter
Presentation Notes
In this stratigraphic trap a porous reservoir pinches out and is sealed by shales top, bottom and on the side.
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Formation, migration and
trapping of petroleum

DEPTH (km)

THAP

1.0 —

20 —

30 —

Sl IALE

SEAL or CAP
ROCKS

SOURCE
ROCKS

\—;/—/

0 5
1 I

TYPICAL HORIZONTAL SCALE (km)

10km
1

Note: Large arrows indicate migration paths

4.0
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The Petroleum System
— to find oll and gas:

* There must have been an organic-rich source rock

« and the source rock must have been “cooked” enough to generate the oll
and/ or gas (“cooked” means subjected to high temperatures for a period of
time-usually due to being buried deeply)

and the hydrocarbons must have migrated to a reservoir
and the reservoir must have porosity and permeability
and the reservoir must be sealed by an impermeable cap rock

and the reservoir and seal must be arranged in such a way as to trap the
petroleum

» and the deposit is not destroyed by leakage, heat, bacteria or contamination
That is why at least 90% of wells fail to find oil and gas.
All these variables have to work together for a successful discovery.
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