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Shales and Claystones
The Neglected Lithologies







Paunsagut Plateau, Southwest Utah




Eastern Grand Canyon, Arizona




Claystones are deposited in quiet water environments

http://www.eas.purdue.edu/mesozoic/lab_03/Sedi_Environments.jpg
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Conventional Petroleum
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Structure Reservoirs-Seals-Source Rocks

Seep = Migration




Source rock: Kerogen supports the walls of algae.
With burial, kerogen breaks down to yield oil and gas.

Seaweed enteromorpha sp

http://www.sciencephoto.com/media/16469/enlarge




Source rock: Algae sink to the sea floor after death. Kerogen
preservation depends on anoxic conditions on the basin floor
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Black Sea: Model for Anoxic Basins Where Kerogen is Preserved

http://www.blacksea-commission.org/ publ-SOE2002-eng.asp# Toc39914629




Late Jurassic Paleogeography

= Basins with anoxic deposition

, Copyright Ron Blakely




Burial of kerogen results
In heating, which causes
it to break down yielding
oil, gas, and ultimately
carbon.

The depth of each of
these events depends on
the local geothermal

gradient and the
composition of the
kerogen.




Thermal maturation of kerogen also generates nano-porosity













Conventional petroleum systems require
a well orchestrated subsurface sequence
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How to drill a well

Brockmann (1971)




Brockmann (1971)







Deviated Wells
First developed to reach offshore locations
Subsequently used to reach multiple reservoirs
Recently, horizontal wells used to increase reservoir pay







Two procedures assure the integrity of casing:

Cement Bond Log (CBL)

Positive and Negative Pressure Test



















Chesapeake O & G




Drilling Techniques:

Early vertical wells perfected casing and testing

Early non-vertical wells perfected directional drilling

Hydraulic fracturing first used in vertical wells
-tight sandstones
-coal bed methane wells
-early shale gas wells

Fluids used in hydraulic fracturing
increase volume with length of well
components have specific operational roles
return to surface with dissolved minerals
represent a major disposal-recycling problem
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Unconventional petroleum systems
are less demanding
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Source Rock
Maturation of Source Rock

NMinratinn Af Al AnnA AAe

I'IIUIV“IVII e e B R Sl I 1 W1 Uv‘v










Coal Bed Methane Hydraulic Fracture Operation
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Shale gas: not just any shale will do
Brittle lithologies are required
Silica-rich lithologies are preferred
Clay-rich lithologies are problematic

Kerogen-rich lithologies are required

Burial to the gas window (Ro = 1.0%) is required




Shale Gas |: Barnett Shale, Dallas-Fort Worth, Texas




Dallas Fort Worth International Airport




NW Runway Southeast Side of Airport

West Side of Airport South Side of Airport
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Shale Gas Il: Antrim Play, Michigan Basin, Michigan

Goodman & Manis 2008
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Shale Gas Ill: Marcellus Shale, Appalachian Foreland
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Lower 48 Plays
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What's wrong with this picture?

http://upload.wikimedia.org/wikipedia/commons/1/1c/RoseTestGardenPortland.jpg




TRAFFIC Problems: many large trucks on rural roads not
necessarily designed for the volumes or weight




SEISMIC Problems: earthquakes primarily due to waste
water injection (Jim Helwig, personal communication)










Texas Shale Gas Plays

Nicot & Scanlon 2012




Water in Texas shale gas completions




Barnett Shale Wells and Water Use




Forecast of Texas Shale Well Water Use







How big is this resource? Opinions differ . . .

. ... Consider production decline curves . . .




http://www.s gqwalk.com/q/shale-gas—abundance-or-mirage-why-marcellus-shale-will-disappoint-expectations




http://www.worldoil.com/Arrival-of-IOCs-and-increasing-legislative-interest-signal-critical-mass-for-Marcellus .html










EIA February 2011




EIA February 2011




EIA February 2011







US Estimates

1997 Rogner: 960 TCF technically recoverable shale gas
2009 PGC: 616 TCF technically recoverable shale gas
2010 ARI: 820 TCF technically recoverable shale gas

2011 EIA 750 TCF technically recoverable shale gas

Why have these estimates changed?
1. Better definition of play areas
2. Better but limited well production data

3. Changing gas prices




Are further changes in shale gas assessments likely?



















In the near term assessments are likely to go down . . .

But how low and for how long?




Conclusions

CBM was engineering precursor to shale gas
Shale gas represents low risk exploration target

Shale gas production due to improving well
completion techniques

Size of resource is unclear at this time, due to
gas price volatility and limited well data

Several environmental problems unsolved
Will regulators effectively oversee operators?
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