Remote Sensing and
Non-renewable Energy
Resources




Common and important aspects of
remote sensing in Geology

Spectroscopy

LIDAR — Light detection and ranging (using laser sources)

Shallow subsurface geophysics including borehole
logging

Crustal seismic-reflection profiling

An emerging market — drone facilitated near-surface
geophysics







Airborne Laser Scanning

» ALS/LIDAR is an active remote
sensing technology that measures
distance with reflected laser light.

*LiDAR: Light Detection and Ranging or
Laser Imaging Detection and Ranging)

« 18t developed in 1960 by Hughes
Aircraft inc.

» Modern computers and DGPS make
It practical.

» Typically used in very accurate
mapping of topography.

» New technologies and applications
are currently being developed.




Why use a Laser?

ALS systems take advantage of two of the unique properties of
laser light:

1. The laser is monochromatic. It is one specific wavelength of
light. The wavelength of light is determined by the lasing material used.

Advantage: We know how specific wavelengths interact with the
atmosphere and with materials.

2. The light is very directional. A laser has a very narrow beam
which remains concentrated over long distances. A flashlight (or Radar)
on the other hand, releases energy in many directions, and the energy is
weakened by diffusion.

Advantage: The beam maintains its strength over long distances.

3mrad divergence = 30 cm at 1 km and 1.5m at 5 km.
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* The position of the aircraft is
known (from DGPS and IMU-
Inertial Measurement Unit).

» Measures distance to surfaces by
timing the outgoing laser pulse and
the corresponding return (s).

» Distance = time*(speed of light)/2

By keeping track of the angle at
which the laser was fired: you can
calculate the X, Y, Z position of
each “return”.

» Requires extremely accurate
timing and a very fast computer.











































Crustal seismic-reflection profiling


















Travel times differ because the path for a near offset
trace is less than the path for a far offset trace

The difference in travel time for each trace can

be corrected knowing the unit velocities. /

The curvature of the hyperbola is a
function of the average velocity
down to the depth of the reflection
























Fossil Fuels



e Petroleum:

e QIl:

e Natural Gas:



e Marine microorganism source

e Source Rock






permeable reservoir rocks

* Petroleum Reservoirs or Traps









nonrenewable



 Proven reserves in 2002 at 1 trillion barrels (1 barrel = 42 gallons)
— Unevenly distributed around the world
— Most oil consumed by industrialized countries

e 200 billion barrels of oil have been produced and
consumed in the U.S. (~ 7 billion barrels of oil per year)

— U.S. production has recently increased — 10x
— New shale oll fields being developed



Proven Oll & Gas Reserves (2002)












* Primary recovery

e Secondary recovery

e Tertiary recovery












Natural gas trapped in Shale at depths of > 3000’

Horizontal drilling & hydraulic fracturing (fracking)

25 % of energy used in U.S. is natural gas

U.S. imports 15% of gas from Canada









e Important to
design wells with
multiple casing &
cement barriers



(Marcellus, Utica, Bakken, Eagle Ford, Lockatong?)



(PA, NY, OH, WV)

Too
shallow
In NJ



(PA, NY, OH, WV) Overmature In NJ, I.e.
the gas is driven off.

MARTINSBURG SHALE in NJ















e Sedimentary rocks
containing a thick,
semi-solid, tarlike
petroleum.

 OIl shale and tar sand
must be mined and Alberta, Canada
heated to extract the
petroleum



Keystone Pipeline



Natural Seeps Release
~160-1600 M gal, or ~ 8-80
Exxon Valdez spills)

Wood Hole Institute Study



— Oil tankers (Exxon Valdez — 20M gal)
— Drilling accidents (Deepwater Horizon — 200M gal)






— Coal

anaerobic conditions (oxygen absent)



Peat

Harder coal gives more
heat for given weight

Lignite

Bituminous

Anthracite



Estimated world
reserves of 1 trillion

tons (~10 trillion tons in
total resources)

Estimated U.S.
reserves over 270
billion tons of
recoverable coal

— Estimated 2.7 trillion
tons in total resources









e Coal is not currently clean to mine or burn

e Coal is a bulky product difficult transport

e Coal can be converted to a gas by — easier to
transport



 Produces abundant carbon dioxide when burned

— Carbon dioxide is a greenhouse gas — New technologies being
developed to improve emissions by

o Liberates sulfur as sulfur dioxide into atmosphere - -
Acid Rain: sulfur dioxide with atmospheric water produces sulfuric acid

e Ash is liberated from coal upon burning
— Ash is as much as 20% of the volume of coal
— Often contains metal such as selenium and mercury






Underground mining of coal is
dangerous

— Mines collapse or natural gas
explosion

— Miners exposure to coal dust

Strip mining exposes the coal to the
weather

— Rain water and air comes in contact
with sulfur in the coal beds or waste
rock thereby producing sulfuric acid
(acid drainage)

Coal mine reclamation is required






