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A WHOLE LOT OF FRACKING GOING ON
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GEOLOGY IN THE NEWS

Could the 
Recent 

California 
Earthquakes 
Set Off the 

San Andreas 
Fault?



Plate Tectonic Basics

SAN ANDREAS

CASCADE 
SUBDUCTI
ON ZONE



q The Pacific Plate is moving to 
the northwest at a speed of 
between 3 to 4 inches a year. 

q The North American plate is 
moving to the west-southwest at 
approximately 1 inch per year 
driven by the spreading center 
that created the Atlantic Ocean, 
the Mid Atlantic Ridge



70% Chance Seismic Activity Along San Andreas Fault 
Could Trigger Devastating Quake by 2030

q The last major quake to occur along the San Andreas fault zone was in 1906, 
when a 7.9-magnitude earthquake and subsequent fire leveled parts of San 
Francisco and killed 3,000 people, the deadliest in US history.

q But going more than 100 years without major seismic activity along the fault 
zone is an anomaly, geologists say, and could portend a massive earthquake along 
the infamous fault.





2/23/2017 — NIGHTLY EARTHQUAKE 
UPDATE + FORECAST — WEST COAST 
/ PACIFIC NORTHWEST M4.8 + M4.2 
EARTHQUAKES

Cascade
Subduction



Cascade M9.0 EQ Damage Estimates
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What size pencil shall I use?

2B or not 2B

I’ll makea sketch of thee

Hamlet said to Ophelia

TO USE FINITE OR INFINITE METHODS TO 
GENERATE POWER 

TO ISSUE OR NOT TO ISSUE
A CARBON TAX 

TO MANDATE OR NOT MANDATE
HYBRID CARS

TO QUADRUPLE OR NOT QUADRUPLE
A GASOLINE TAX 



Fundamentals of 
Petroleum 
Geology







q Aquifers are underground layers of very porous water-bearing 
soil or sand.

q An aquitard is a zone within the Earth that restricts the flow of 
groundwater from one aquifer to another. 
ü Aquitards comprise layers of either clay or non-porous rock 

with low hydraulic conductivity.
q A completely impermeable aquitard is called an aquiclude or 

aquifuge.





Oil Shale 
versus 

Shale Gas



q Oil shale is essentially rock that contains solid bits of kerogen, a 
precursor to oil. 

q All oil is from organic matter that is subjected to intense heat and 
pressure until it breaks down into hydrocarbons. 

q With the kerogen in oil shale, there wasn’t quite enough heat to finish 
the job – but that, of course, can be fixed. 

q Two methods have been developed to extract petroleum products from 
oil shale. 
ü One is to mine it like the rock it is, and then heat it in the low-oxygen 

environment needed to turn the kerogen into oil and gas. 
ü The other method is to heat the oil in situ, applying heat to the 

formation, and then pumping out the resulting oil. 
q The major difference between these methods is that the first one 

requires more heat than the second.



q United States: Areas underlain by the Green River Formation in 
Colorado, Utah, and Wyoming.

q Major areas of surface minable Devonian oil shale in the eastern 
United States.

OIL SHALE



q Basically, it is natural gas – primarily methane – found in shale 
formations, some of which were formed 300 to 400 million years ago.

q Some of the methane that formed from the organic matter buried with 
the sediments escaped into sandy rock layers adjacent to the shales, 
forming conventional accumulations of natural gas which are relatively 
easy to extract.   This gas has been normally extracted for many years!

q But some of it remained locked in the tight, low permeability shale 
layers, becoming shale gas and requiring Fracking. 

What is shale gas? 



World Shale Gas

What Triggered the U.S. Shale Gas Revolution?

q The use of horizontal drilling in conjunction with hydraulic fracturing has 
greatly expanded the ability of producers to profitably produce natural gas 
from low-permeability geologic formations, particularly shale formations. 

q Application of fracturing techniques to stimulate oil and gas production 
began to grow rapidly in the 1950s, although experimentation dates back to 
the 19th century.





Fracking





q Modern day fracking didn’t begin until the 1990s when a new technique was 
created which took hydraulic fracturing and combined it with horizontal 
drilling.

q Hydraulic fracturing has been around for 100+ years.. 
q Why did this shale oil production boom occur so long after the technology 

was created?
q These two charts will help explain why.

ProductionPrice



q In November of 1866, Edward Roberts was awarded patient number 
59,936, known as the “Exploding Torpedo.”

q Modern day fracking didn’t begin until the 1990s. 
q This originated when George P. Mitchell created a new technique, 

which took hydraulic fracturing, and combined it with horizontal 
drilling.

HISTORY 
OF 

FRACKING



History of horizontal directional drilling



q Areas where America's 1.1 million oil and gas wells, both conventional and 
hydraulically fractured, are found are highlighted in orange. 

q Texas, where many of the wells are concentrated, is excluded because 
FracTracker was unable to publish data from the state.





q Many fracking chemicals are protected from disclosure under trade secret 
exemptions. 

q For each frack, 80-300 tons of chemicals may be used, selected from a 
menu of up to 600 *different* chemicals.



q Fracking, up close: Tiny gas deposits (yellow) are distributed 
throughout shale rock (tan). 

q High pressure  breaks up the rock and water (blue) washes out 
the gas molecules. 

q A new study suggests CO2 may do water's job better.

One Way to Solve Fracking’s Water Problem: 
Don’t Use Water



q Once natural gas is extracted, it must be transported to different places to be 
processed, stored, and then finally delivered to the end consumer..

q Natural gas can be transported on land via pipeline or on water via ship.

https://www.studentenergy.org/topics/natural-gas
https://www.studentenergy.org/topics/natural-gas


q Most horizontal wells begin at the surface as a vertical well. 
q Drilling progresses until the drill bit is a few 100 feet above the 

target rock unit. 
q At that point the pipe is pulled from the well and a hydraulic motor 

is attached between the drill bit and the drill pipe.
q The hydraulic motor is powered by a flow of drilling mud down the 

drill pipe. 
q It can rotate the drill bit without rotating the entire length of drill 

pipe between the bit and the surface. 
q This allows the bit to drill a path that deviates from the orientation 

of the drill pipe.
q Finally the bit drills a path that steers the well bore from vertical to 

horizontal over a distance of a few hundred feet. 

HOW DO THEY DRILL HORIZONTALLY???

. (Why doesn’t the well collapse?



q Once the well has been steered to the proper angle, straight-ahead 
drilling resumes and the well follows the target rock unit. 

q Keeping the well in a thin rock unit requires careful navigation. 

q Horizontal drilling is expensive. When combined with hydraulic 
fracturing, a well can cost up to three times as much per foot as 
drilling a vertical well. 

q The extra cost is usually recovered by increased production.

q These methods can multiply the yield of gas or oil from a well.

q Many profitable wells would be failures without these methods.

HOW DO THEY DRILL HORIZONTALLY???



q After the fracking well is fully drilled and encased, fracking fluid is 
pumped down into the well at extremely high pressure. 

q Large volumes of a low-viscosity, water/sand slurry is pumped into 
the shale to induce new fractures and augments existing fractures: 

ü 2 to 7 million gallons of water can be used per well 

ü Pressures used are ≈ 5,000 to 9,000 psi but can reach up to 
15,000 psi. 

q The fluid that is pumped into the well to fracture the rock is called 
slickwater. 

q It is mostly water, though it also can contain a wide range of 
additives and chemicals that serve an engineering purpose. 

q Additives can include detergents, salts, acids, alcohols, lubricants 
and disinfectants. 

q These chemical additives usually make up 0.5 to 2 percent of the 
slickwater.

6,000 PSI= The weight of 2 midsize 
cars (3000 lbs each) on top of one 
another and then concentrated down 
to a 1" x 1" square.



q It was an underground nuclear detonation carried 
out by the United States AEC in December 1967 in 
rural northern New Mexico. 

q It was part of Operation Plowshare, a program 
designed to find peaceful uses for nuclear 
explosions.

q Its purpose was to determine if nuclear explosions 
could be useful in fracturing rock formations 
for natural gas extraction.

q Following this test, two subsequent nuclear explosion fracturing 
experiments were conducted in western Colorado in an effort to refine the 
technique. 

q They were Project Rulison in 1969 and Project Rio Blanco in 1973. 
q In both cases the gas radioactivity was seen as too high. 
q Soon after that test the ~ 15-year Project Plowshare program funding 

dried up.
q These early fracturing tests were later superseded by hydraulic 

fracturing technologies.

Project Gasbuggy

TOO
HIGH?

https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Project_Rulison
https://en.wikipedia.org/wiki/Project_Rio_Blanco
https://en.wikipedia.org/wiki/Hydraulic_fracturing


q EPA found scientific evidence that hydraulic fracturing activities can 
impact drinking water resources under some circumstances:

ü Water withdrawals for hydraulic fracturing in times or areas of low water 
availability

ü Spills during the handling of hydraulic fracturing fluids and chemicals or 
produced water that result in large volumes or high concentrations of chemicals 
reaching groundwater resources

ü Injection of hydraulic fracturing fluids into wells with inadequate mechanical 
integrity

ü Injection of hydraulic fracturing fluids directly into groundwater resources
ü Discharge of inadequately treated hydraulic fracturing wastewater to surface 

water 
ü Disposal or storage of hydraulic fracturing wastewater in unlined pits resulting in 

contamination of groundwater resources.

Fracking 
and 

Drinking 
Water



q According to the USGS, the cause of earthquakes near fracking sites is not
believed to be the act of drilling and fracturing the shale itself, but rather 
the disposal wells.  

q There are more than 50,000 disposal wells in Texas servicing more than 
216,000 active drilling wells. 

q Earthquakes with magnitudes between 4.5 and 5.0 have been induced by 
fluid injection in Colorado, Arkansas, Kansas, Oklahoma and Texas.

q However, there is evidence to indicate Fracking can cause earthquakes.
q There is field evidence that] hydraulic fracturing itself caused earthquakes in 

western Canada, by adding pressure to tectonic faults and when the pressure 
builds up enough, the tectonic plates slip!

Texas scientists 
found that injecting 
waste water into an 
aquifer at a depth > 
7000 feet reactivated 
ancient faults (thick 
black lines) and 
caused earthquakes

FRACKING AND EARTH QUAKES



Tight association between Oklahoma natural gas wells and 
induced seismicity. 



Proponents 
for

Fracking 







1.  Fracking has greatly reduced the need for coal in the United 
States.

2.  Technologies exist to capture potential emissions.

3.  The real fracking process occurs under most groundwater tables.

4.  Methane can contaminate groundwater supplies naturally.

5.  The EPA testified that there are no proven cases of fracking 
affecting water.

6.  The water intensity used for the fracking process is relatively low.

7.  Fracking is a temporary process.

8.  It is an extraction process that is stable. .

9.  Much of the fracking process uses natural materials.

10. Domestic fracking reduces foreign reliance on energy products.

11. It allows for a return on an energy investment to occur.

12. Some households see lower property taxes because of fracking.

LETS HEAR IT FOR FRACKNG





q According to the U.S. Energy Information Administration, 
hydraulically fractured wells in the United States increased 1,204 
percent—from approximately 23,000 hydraulically fractured 
wells in 2000 to approximately 300,000 wells in 2015.

q In 2015, hydraulically fractured wells accounted for 67 percent 
of U.S. natural gas production and 51 percent of U.S. crude oil 
production.

q Proponents of fracking argue that the practice produces 
economic benefits, such as jobs, higher tax revenue, lower energy 
prices, and economic growth. 



Proponents	argue:
ü Fracking leads to fewer energy trade deficits and "a boom in energy-

intensive manufacturing, like chemicals, steel, fertilizers, and paper." 
ü The shale industry itself is a bonanza of middle-class blue-collar jobs, and 

the prospect of a reindustrializing America promises many more. 
ü The oil and gas industry use specific measures during fracking and other 

extraction operations to prevent damage to the environment, including the 
installation of multiple cement and steel layers to protect drinking water 
sources. 

ü A 2012 study from the National Academies concluding that fracking does 
not pose a high risk for felt earthquakes. 

ü A national ban on fracking would reduce economic benefits for producers 
and consumers and would raise energy prices, reduce the global supply 
of oil, and cause the United States to become a natural gas importer rather 
than exporter. 

ü A 2016 study found that a national fracking ban would reduce U.S. jobs by 
14.8 million, double electricity and gasoline prices, increase cost of living 
expenses by approximately $4,000, and reduce household incomes by $873 
billion by the year 2022. 



q Natural gas production in the United States is expected to 
expand dramatically, climbing by 56% between 2012 and 2040,



q The International Energy Outlook 2017 projects that world 
energy consumption will increase by 28% from 2015 through 
2040. 



Hydraulically fractured wells provide two-thirds of U.S. 
natural gas production



q The risk of human-made earthquakes due to fracking is greatly reduced if 
high-pressure fluid injection used to crack underground rocks is 895m 
away from faults in the Earth's crust, according to new research.

Earthquakes continue to decrease in Oklahoma for third 
straight year



q PRO FROFRACKING: We know that, at the power plant level, 
natural gas produces only somewhere between 44 and 50 percent of 
the greenhouse gas emissions compared with burning of coal. 

q This is known for certain; it’s basic chemistry. 



OPPOSITION
TO

FRACKING













Scientific Study Links Flammable Drinking Water to Fracking
q For the first time, a peer-reviewed scientific study has linked 

natural gas drilling and hydraulic fracturing with a pattern of 
drinking water contamination so severe that some faucets can be 
lit on fire.

q HOWEVER: Methane may also occur in a water well due to 
natural conditions or may enter due to human activities besides 
gas well drilling: including coal mining, pipeline leaks and 
landfills.



Methane in drinking water unrelated to fracking, study suggests

q Fracking doesn’t appear to be allowing methane to seriously 
contaminate drinking water in Pennsylvania, a new study finds—
contrary to some earlier, much publicized research that suggested a 
stronger link. 

q But the lead authors of the two bodies of research are sparring 
over the validity of the new results.

q The new study of 11,309 drinking water wells in northeastern 
Pennsylvania concludes that background levels of methane in the 
water are unrelated to the location of hundreds of oil and gas wells 
that tap hydraulically fractured, or fracked, rock formations.



ü The Case for a Ban on Gas Fracking, 
ü Exposing the Oil and Gas Industry’s False Jobs 

Promise for Shale Gas Development: 
ü How Methodological Flaws Grossly Exaggerate Jobs 

Projections, False Promises and Hidden Costs: 
ü The Illusion of Economic Benefits from Fracking, 
ü Fracking: The New Global Water Crisis
ü Fueling Extinction: How Dirty Energy Drives Wildlife 

to the Brink
ü U.S. Energy Insecurity: Why Fracking for Oil and 

Natural Gas Is a False Solution
ü WASTE: The Soft & Dirty Underbelly of Fracking



7,870,000







2019



Fracking 
And

Climate Change





80%
11.5%



That’s 850 MILLION



NEED I SAY MORE?



q Many studies have estimated that leaks from oil and gas 
production, particularly fracking, are a major driver of rising 
methane emissions. 

q Other research groups have estimated that the rise in methane 
emissions was due to a rise in “microbial production in wet tropical 
environments like marshes and rice paddies.” 

q The two explanations both seemed right, yet could not both 
actually be right. Or could they?

q After a very deep dive into multiple ground and satellite datasets, 
NASA determined that a third source of methane emissions —
global fires — had been declining much more rapidly than 
previously realized..



q With wildfire emissions way down, it was now possible for 
both fossil fuel emissions and wetland emissions to be up. 

q Significantly, the huge rise in fossil fuel methane emissions “found 
here is substantially larger than in previous literature.” 

q The recent jump in methane emissions from oil and gas production 
appears to be a whole lot bigger than we previously thought.

q And that is a bombshell finding.

q After all, methane (CH4) traps 86 times as much heat as CO2 over 
a 20-year period. 

q That’s why countless studies find that even a very small leakage 
rate of methane from the natural gas supply chain can have a large 
climate impact  —  enough to gut the entire benefit of switching 
from coal-fired power to gas for a long, long time.



By 2050, London's climate will be as warm 
as Barcelona's, says new study



q For years, the IPCC, governments and environmental organizations they 
influence have told the public: 
ü that global warming is still manageable 
ü that global warming consequences will occur gradually
ü that global warming consequences will remain generally mild until about 

2100
ü the very worst consequences of global warming will occur after 2100 long 

after most of us living today are gone.

q Nothing listed in items 1-4 above could be farther from the 
truth!
ü the public has no idea that we have managed global warming so incredibly 

poorly for the last 35 plus years that it has probably now become out of our 
meaningful control for at least another 30-50 years with horrific and 
unavoidable consequences arriving far sooner than almost any of us are 
prepared to deal with. 

ü It's also far worse than just now unavoidable horrible consequences. What 
we do now until 2025 will be critical in determining if we are able to avoid 
the likelihood of extinction.



q By 2025, New York's Staten Island will be fortified by a towering 
seawall running 5.3 miles along the coast, an engineering feat 
designed to ward off a growing threat.

q The climate crisis is predicted to create more powerful and 
extreme weather systems all over the world, and coastal engineers 
are racing to respond with structures to reduce their impact.

America is building another big wall. This one will protect New York



Z -Congress/White House



Moving Beyond Carbon

q To help address the mounting climate change crisis, Michael. 
Bloomberg launched Beyond Carbon, the largest-ever 
coordinated campaign against climate change in the United States
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