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GEOLOGY IN THE NEWS

ould the
Recent
California

Earthquakes
Set Off the
San Andreas
Fault?
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PACIFIC OCEAN

wree: US. Gealogical Survey MARK NOWLIN THE SEATTLE TIMES

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

Product Issued By SouthernCaliforniaWeatherForce.com
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1 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 Kkilled 3,000 people, the deadliest in US history.

J 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.




Earthquake forecast

The likellhood that California will experi-

ence an earthguake equal to or greater
than the 1994 Northridge earthquake in
the next 30 years, which measured 6.7

30-year ikelihood of
magnitude 6.7 or greater
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THE 4 E°S
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Total: 98 quadrillion Btu Total: 8 quadrillion Btu

v'/”.'/' - W m 1 1 %

SolarPV 1%
Biomass waste 6%

Biofuels 23%

Petroleum 37%

Wood 25%

Geothermal 3%

Hydropower 31%

Source: Annual Energy Review 2010




Energy Use Breakdown
(Based on average use per household)

29%

Heating

17%

Cooling

14%

Water

12% 13% Heating

Lightin
4% . Appliances

Electronics
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"SURE, FRAKING MAY CAUSE EARTHQUAKES AND RULUTE GROUND WATER , BUT
RE LOOKING AT THE WORLDS BIGAGEST SOURCE OF UNTAPFRED ENERGY. "



TO QUADRUPLE OR NOT QUADRUPLE |
A GASOLINE TAX

That iIs the Question...

i —




Fundamentals of

Petroleum
Geology




Porosity and Permeability

Sand grain

Cementing
Pore space e »

(a) Porous sandstone

pore space along
cracks

“
Very smmall amounts . Small amounts of

of pore space
between clays
and silc grains

T #

1)) Fractured shale

— Impermeable rock




Oil and Gas are typically found in SEDIMENTARY ROCKS.

SHALE: has ‘platy’ particles, like decks of
cards. There 's some poros:ty but very little

consldered to be source rocks. Many shales
are now considered as “unconventional
reservoirs” and require fracturing (or
‘fraccing’) to induce oil and gas to flow.

SANDSTONE: has ‘spherical particles and
typically has good porosity and good
permeability. The '‘best reservoirs are
frequently sandstone reservoirs.

LIMESTONE: has irregular shaped particles
like the shells that they are made of. The
porosity is typically ‘'vuggy’ or irregular as are
the connections between the pore spaces.




ARTESIAN BORE
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UNCONFINED AQUIFER
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CONFINED AQUIFER

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

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

with low hydraulic conductivity.

L A completely impermeable aquitard is called an aquiclude or

aquifuge.




PETROLEUM & NATURAL GAS FORMATION

OCEAN OCEAN
300-400 million years ago 50-100 million years ago
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Plant & Animal Remains Oil & Gas Deposits

Tiny sea plants and animals died Over millions of years, the remains Today, we drill down through layers
and were buried on the ocean floor. were buried deeper and deeper. of sand, silit, and rock to reach

Over time, they were covered by The enormous heat and pressure the rock formations that contain
layers of silt and sand. turned them into oil and gas. oll and gas deposits.

HOW COAL WAS FORMED

SWAMP WATER
300 million years ago 100 million years ago
L e o =
pree o Rocks & Dirt

Dirt

Dead Plants

Before the dinosaurs, many Over millions of years, the plants Heat and pressure turned
giant plants died in swamps. were buried under water and dirt. the dead plants into coal.
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Although shale oil
doesn’'t tecrirmicany
have any oil in it, it
does have the potential
to produce it.

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

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

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

L Two methods have been developed to extract petroleum products from
oil shale.

v 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.

v The other method is to heat the oil in situ, applying heat to the
formation, and then pumping out the resulting oil.

1  The major difference between these methods is that the first one
requires more heat than the second.




OIL SHALE

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

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




What is shale gas?

L Basically, it is natural gas — primarily methane — found in shale

formations, some of which were formed 300 to 400 million years ago.

L 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!

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

U.S. dry shale gas production

shale gas production (dry),
billion cubic feet per day|

s Marcellus (PA, WY, OH& NY) %
#Utca (OH, PA& WV) %
» Permian (TX & NM) 40
nHaynesville (LA &TX) %
u Eagle Ford (TX)

u Fayetteville (AR) %
Bamett (TX) 2
1 Woodford (OK) 20
Bakken (ND & MT) 15
Antrim (M1, IN & OH) 0
Rest of US ‘shale’ ¢

0

2003 2005 2007 2009 2011 2013 2015 2017
Sources: EIA derived from state administrative data collected by Orilinginfo Inc. Data are through August 2017 and represent EIA's officlal tight
gas astimates, but are not survey data. State abbraviations indicate primary state(s).

Global shale gas basins, top reserve holders

. Top reserve holders 200 - Trin cubic metres

Canada 11 0.
Poland 6.3 —

! | w‘- w 7
U.S.24.4 Libya 8.2 —=== Q"
 Ngeriat. 5 ‘ \-' China 36.1
Mexico 19.3 . ‘7 ; "

t
o B,az||64 '.' \ﬂ
Argentina 21.9 ‘ l &
Assessed basins . &

Australia 11.2 ‘
\ ’
B With resource estimate ()

South Africa 13.7
Without resource estimate [y

Source: EIA based on Advanced Resource’?lnlemahcnal Inc data, BP
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"/ Shale Gas Plays, Lower 48 States
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What Triggered the U.S. Shale Gas Revolution?

 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.

 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.
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Conventional Deposits
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 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.
1 Hydraulic fracturing has been around for 100+ years..

1 Why did this shale oil production boom occur so long after the technology
was created?

 These two charts will help explain why.

$160 4
US Crude Ol Production, January 1986 to July 2014

$140 Dally
' Monthly

$120+

Anerica'’s shale Revolution

s100/ Price . Production

$80 +

§60 |

Marrels per day (Miltions)

$40 +

, . Source: Department of Energy Mk J. Tevry
"\I-I'I‘l'tlllll!lit‘lll!lli

1980 199% 2 2010 201%
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U In November of 1860, oberts was awarded patient number
59,936, known as the “Exploding Torpedo.”

J Modern day fracking didn’t begin until the 1990s.

U This originated when George P. Mitchell created a new technique,
which took hydraulic fracturing, and combined it with horizontal
drilling.




History of horizontal directional drilling

Vertical Well ~ Horizontal Well ~Extended-Reach Multilateral Well Hydraulic
Horizontal Fracturing

Well

S(C
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U Areas where America's 1.1 million oil and gas wells, both conventional and

hydraulically fractured, are found are highlighted in orange.
U Texas, where many of the wells are concentrated, is excluded because
FracTracker was unable to publish data from the state.




How fracking works

|

§) Wells are bored using
directional drilling, a method
that allows drilling in vertical
and horizontal directions to
depths of over 10,000 feet.

Sources: USC, Los AngelesTimes

@ Large amounts of water,

sand and chemicals are
injected into the well at
high pressure, causing

fissures in the shale.

theshalecanﬂow upand
out of the well,

McCLATCHY-TRIBUNE




 Many fracking chemicals are protected from disclosure under trade secret

exemptions.

U For each frack, 80-300 tons of chemicals may be used, selected from a

menu of up to 600 *different™ chemicals.

Typical Shale Fracturing Mixture Makeup

CHEMICAL
ADDITIVES

Typical Chemical Additives Used in Frac Water

Compound

Acids

Purpose
Helps dissolve minerals
and initiate fissure in

rock (pre-fracture)

Common application

Swimming pool cleaner

Sodium Chloride

Polyacrylamide

Ethylene Glycol

Borate Salts

Sodium/Potassium
Carbonate

Glutaraldehyde

Guar Gum

Isopropanocl

Allows a delayed
breakdown of the gel
polymer chains

Minimizes the friction
between fluid and pipe

Prevents scale deposits
in the pipe

Maintains fluid viscosity
as temperature increases

Maintains effectiveness
of other components,
such as crosslinkers

Eliminates bacteria in
the water

Thickens the water to
suspend the sand

Prevents precipitation of
metal oxides

Used to increase the
viscosity of the fracture
fluid

Table salt

Water treatment, soil
conditioner

Automotive anti-freeze,
deicing agent, household
cleaners

Laundry detergent, hand
soap, cosmetics

Washing soda, detergent,
soap, water softener,
glass, ceramics

Disinfectant, sterilization
of medical and dental
equipment

Thickener in cosmetics,
baked goods, ice cream,
toothpaste, sauces

Food additive; food and
beverages; lemon juice

Glass cleaner,
antiperspirant, hair
coloring

Source: DOE, GNPC: Modern Gas Shale Development in the Urited States: A Primer (2006




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

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

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

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




Map of U.S. interstate and intrastate natural gas pipelines

Source: U S. Energy Information Administration, About U.S. Natural Gas Pipelines

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

] 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

HOW DO THEY DRILL HORIZONTALLY???

1 Most horizontal wells begin at the surface as a vertical well.

 Drilling progresses until the drill bit is a few 100 feet above the
target rock unit.

(d At that point the pipe is pulled from the well and a hydraulic motor
is attached between the drill bit and the drill pipe.

d  The hydra , (\why doesn’t the well collapse? 'f drilling mud down the
drill pipe.

It can rotate the drill bit without rotating the entire length of drill
pipe between the bit and the surface.

d This allows the bit to drill a path that deviates from the orientation
of the drill pipe.

(d 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???

|

\l

n
i

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

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

1  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.

L The extra cost is usually recovered by increased production.
d These methods can multiply the yield of gas or oil from a well.

d  Many profitable wells would be failures without these methods.




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

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

v 216,000 PSI=The weight of 2 midsize
v prccars (3000 Ibs each) on top of one Lup to
15,( another and then concentrated down

Q Thefh to a 1" x 1" square. ck is called
slickwater.

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

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

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




Project Gasbuggy

San Jose Formation

O It was an underground nuclear detonation carried
out by the United States AEC in December 1967 in
~3000 Feto ety Rocks . rural northern New Mexico.

Ojo Alamo Sandstone - .
Krtand Srae : L It was part of Operation Plowshare, a program

Fruitiand Sandstone

Petued Gifts Sondsone = |, designed to find peaceful uses for nuclear
Rubble-Filled '

Chimney | explo SiOIlS.

Shot Point
4,240 Feet Below

G Suoce L Its purpose was to determine if nuclear explosions
could be useful in fracturing rock formations
Mesaverde Formaton B for natural gas extraction.

L Following this test, two sub ring
experiments were conducte I O O rt to refine the
technique.

They were Project Rulison n 1973.

In both cases the gas radio: ‘)
Soon after that test the ~ 15 e N funding

dried up.

These early fracturing tests were later superseded by hydraulic
fracturing technologies.



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

How Drinking Water gets Fracked

o
: ¢ vy F r a c kln g ?%%2%: @ 4. Contaminated water
3 Year Stﬁdy Fod a n d

s /4 from aquifer enters
M drinking water system
. No Relationship 3

Between Methane < 5. Toxinz In bedrocikseep

] ° ° ; |
f | Concentrations in A ‘  ; D rln kln g 5 - watfr:a, ?i'if ] |

Groundwater and

~ Proximity to Natural ! £ sl Nf ire,
Gaswels B IS Water S s

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

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

pressure

: \'i'A!A'AA
TAVAVAVAY
[}

v" 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

v" Injection of hydraulic fracturing fluids into wells with inadequate mechanical
integrity
v" Injection of hydraulic fracturing fluids directly into groundwater resources

v" Discharge of inadequately treated hydraulic fracturing wastewater to surface
water

v" Disposal or storage of hydraulic fracturing wastewater in unlined pits resulting in
contamination of groundwater resources.




aquifer at a depth >
7000 feet reactivated

ancient faults (thick
black lines) and
caused earthquakes
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L 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.

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

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

L However, there is evidence to indicate Fracking can cause earthquakes.

U 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!
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Fracking




REAL ESTATE
SHIPPING

Savs U.
Supplies May
Last 15 Years

Naval Affairs Group
Hears This Is a Con-
servative Estimate

" _ Bt:.un"elncmf of naval pe-’

trodetun reserves, told the Sesate

Naval Affairs Commiiiles today the

oll supply of this country will kast
enly about 15 years

“We have bwen making estimates

for the last 15 years™ Slusrt sald
“We always underestimnte because
of the posuniinty of discovering new
et]l felds. The best information is
that the present supply will last only
15 years., That iz a conservative
estimate.”

Stuart sald the United States pro-
duces about 70 percent of the world’s
oil, and when the supply Is exbaust-
¢4 In this country the oll industry
will be foroed to Jook to South Amer-
fca and Mexioo for its supply.

Valued at 51

He sald the Government st the
present Uime has about T00.000000
barrels of ofl in its naval yeserves
and that the navy annually con-
sumses from ax to seven million
barrels He walued Govermment
holdings at $! a barrel

Stunrl’s tesllimony wWas poesented

85 the commiilee began nmaldtm-'

on of a bil proposing Lo give the
Secretary of the Navy authority to
buy and exchange land to consoli-
date prosent paval oll reserves

Stuart said In two flelds in Cali.
formia private el companies own
land within the Government hold-
ings, with 1be result that otl be-
reath Government Isnd Is being
withdrawn. The Nawvwy Department
combatls this, he sald, by leasing
wells on its own land for a royality,
thua deriving an income of about
$654.000 anmually. O1l is soid, he
sald, only %o preventi leakage into
other hands

To Negotiate
Rail Dispute

anuary Estimate Places

merican Pederation of Lador esti-
mated today that there were 10.-
041000 usemployed in the country
In January, as compared with 8900,
000 In December and 11666000 a
| JEAr ago.

In reporting that 1001000 work-
ers were lald off as the year 1037

began, the Federation called atlen- |

t5on Lo the fact that 3,223 000 work-
ers wore added to payrolls iaat year
—before ihe seasonal slack and lay-
offa.

*January and February are usual-

Total at 10,041,000, an

Increase of 1,001,000 Compared With De-
cember—Farm and Store Help Affected

Washington, March 9 @=—Thelly the low-ebb months of the year™

the Pederation sald,

“This &s the time when demands
on relief begin 1o be heavy, when
fanilies out of work exhaust their
resources 530 that relie! need con-
tinues for the next three months,

“January is the slack month in
sgricultare, and this year our farms
lald off about 200000 hired workers
from December to January: it i1s the
month
thelr Christmas help, and this year
stares which had taken on 402000
workers for the busy seasen lald off
652000 tn January.”

'Rate Limiting
| Approval Seen

Lehman®s Power Price
i Proposal Certain of
| Committee Passing
Albany, March 9 (& —Governor
| Leliman’s proposal to give the Pub-
lic Service Commission power 0
Itmit rates of municipaliy-owned
power plants to cost of service ap-
Ipeared cemain of Senntle commiltee
inppm\'al today despite protests that
{IL s “wastly unfalr.”™

| While sction was withheld after
0 publis bearing yesterday, Chair-
'man Theenas P. Burchill of the Sen-
iate Putilye Service Commitlee Indi-
chated & favorable neport in the near
future,

Spokesmnen for A number of
municipalities opposed enactment of
the messare, contending 1t would
“Ril* municipal  ulllities In  the
State, while Chaltrman Milo R,
Malinie of the Public Service Com~
misssan defended the proposal with
the statement:
| "If th unicipalities dom™ think

Lhbode b A0l siss S fhoaen i

de fuie

New Peak Set
In Oil Output

Last Week's Production
Showed Increase in
All Major Areas

Tulsa, Oklan, March 9 P —The
production of crude petroleum es-
tablished another new high for the
wrek ending March €6 a total of 3.«
JOLEMS Darrels dally, or 12,000 more
barrels dally than the week before,
the Of and Gas Journal reported Lo~
day

While most of the major produc-
ing areas showed an increase In
dully preduction, Oklahoma declined
25,875 barrels Lo 678125 Eas Texas
intreased 4,001 barrels o 460388
dadly and the total Siate of Texas
wes Up 19018 barrels to 1,350,780
daily.

loutsiana increased 3160 barrels
Lo 245285, Callfornis increased 1,350
barrels o 384,500 barrels dally and
Kansas nhad an increase of 4175
barrels to 167350,
| Esstern States,

including BMichi-
gan, imcreased 3,233 barrels to 1
827 dally and production in

Milk Control

Lapse Favored
After Survey

Price Fixing Law Due
to Expire March 31—
No Definite Plans

Albany, N. ¥, March 0 (#»-
| Astomatic explration March 31 of

BROOKLYN DAILY EAGLE FINANCIAL
ederation Reporits
Unemployment Rise

$5 a Ton Rise

In Lead Price;
Copper Tense

Current  Quotations
Highest for Years —
Demand Very Good

The price of lead was advanced
| 35 polnts, or $5 a ton today, to 7%

the price fixing provisions of New  cents a pound, New York base, and
York's milk control law was favored ' 713 cents a pound, East St Louls
by a legislative committce today as | The announcement was made by the
iz members began drafiing recomi- | St Joseph Lead Company and was
mendations for future State refu- | followed immediately by the Amer-
Iation of the $2000000000 dalry | ean Smeiting and Refining Com-

when retall atores lay off |

50 . (Lo industry duris

th
RS

industry,

The commitior, of which Demo-
!cnlk Senntor George F. Rogers of
Rochester s chalrman, oconcluded
here last week a series of State-
wide hearings desigmed to sound out
sentiment &8s to continuance, dis-
comtinuance or amendment of the
iaw emacted in 1533 as an omer-
Sency measure,

The law expires March 31, unless
re-enacted, and the committee must
repoct by March 15

One member who declined to be
quoted sald that the commitiee ©s-
timated approximately 80 percent
of the spenkers favored elimination
of the price fixing clause, under
which Agriculiure Commissiones
Peter G, Ten Eyck has autbority to
file prices to be paid o producers
for milk and by comsumers,

“A majority of the committes
membars fee]l likewise™ he sald,

Previously, some members sug-
goated the price fixing provisions be
comtinued only umd Aug. 1.

Commnitlee members WwWere re-
pocted to favor continuation of
other provisions of the Iaw, includ-
ing requirements for licensing and
bonding of desalers and establishe
ment of health and sanitary stand.
ards for tho production of milk,

Found Excellent

Astonishing progress by the avia-
1938 over 1933

in

Aviation’()utl-ook |

| pany

Meanwliile, the domestic copper
| sltuation was tetue, with the price
| quited at 1625 cents & pound, de-
lluen:d Valley. This price, an-
mounced late jyesterday, was & Dew
post-ciepression high for the metal

Deapite this advance the domestic
copper rate is still more than ‘%
cenit n pound lower Lhan foreign,
AL loast ome important doonestic
smelter belleves the domesUc peice
is still too low.

Preceding the advance in the vir-
gin metal, domestic wire and cable
! makers ralsed thels prices %o con-
| form.
| Copper buying abroad was in good
| volume today, with the price egual
to about 16775 cents A pound, cif
European base ports. This com-
pares with 1640 w0 16775 cenis on
Monday. Some sales were repocted
abroad at as high as 1635 cents &
| pourdl, oLl

The Londos Metal Exchanpge ex-
perienced another exclilng sessbon
| with tumover heavy and consamers
U¥Iing o cover their needs, fearing
a shorlage of non-ferrous metals,
owing to the worldwlde re-arma.
ment and industrial requirements,

Featured in trading today were
tin and zine,. Turnover for tin In
the firsl sesslom was 900 toms at
278 pounds om Neavy overmight
purchases fromn Americs coupled
with general trade demnnd.

Contest Boom

ine
mng

adard Sale
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LETS HEAR IT FOR FRACKNG

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.




Cleaner Fossil Fuel

From 2008 to 2012 U.S. carbon
emissions have dropped 20%.
The major factor cited is the
production and use of domestic
natural gas. (7)
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AS FRACKING GROWS, NATURAL GAS PRICES ARE DROPPING

BETWEEN 2007-2013, CONSUMER
GAS BILLS DROPPED BY
$13 BILLION PER YEAR AS A
RESULT OF INCREASED FRACKING
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BROOKINGS

L 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.

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

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




Proponents argue:

v" Fracking leads to fewer energy trade deficits and ""a boom in energy-
intensive manufacturing, like chemicals, steel, fertilizers, and paper."

v" The shale industry itself is a bonanza of middle-class blue-collar jobs, and
the prospect of a reindustrializing America promises many more.

v" 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.

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

v" 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.

v' 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 vear 2022.




Recoverable natural gas reserves
(2011, trillion cubic meters)
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d Natural gas production in the United States is expected to
expand dramatically, climbing by 56% between 2012 and 2040,




World energy consumption rises 28% %6 between 2015 and 2040 in the
Reference case—

Worid energy consum ption
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L The International Energy Outlook 2017 projects that world

energy consumption will increase by 28% from 2015 through
2040.

jecomes undisputed leader of oil & gas production

Oil and gas production in the United States

Shale oil

m Shale gas
Other unconventionals
Conventional oil & gas

1980 1990 2000 2010 2020 2030 2040

The US is already switching to become a net exporter of gas & becomes a net exporter of oil
in the 2020s, helped also by the demand-side impact of fuel efficiency & fuel switching




natural gas production

Hydraulically fractured wells provide two-thirds of U.S.
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Earthquakes continue to decrease in Oklahoma for third
straight year

Oklahoma Earthquakes Magnitude 3.0 and greater
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Source: USGS-NEIC ComCat & Oklahoma Geological Survey; Preliminary as of Dec 3, 2018

O 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.




BETWEEN 2007-2013, CONSUMER
GAS BILLS DROPPED BY
513 BILLION PER YEAR AS A
RESULT OF INCREASED FRACKING
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How Fracking

Ignited the American
Energy Bevolution and
Changed the World

RUSSELL GOLD

SENIOR ENERGY REPORTER, 7THE WALL STREET JOURNAL

Percent Change in Employment Since January 2008
0il and Gas Extraction vs. Total Payroll Employees

+27.5%
August

— 0il and Gas Extraction
= Total Nonfarm Payroll
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0%

.5%_
Sur BIS

0% 4 S s

2008 2000 2010 2011 2012

U.S. netelectricity generation by energy source (2010-16)
terawatthours per day

2010 2011 2012 2013 2014 2015

Markets 1l Chart of the Day
Energy companies make up a rising share of the high-yield bond market
16% 15.4%

107% 493%
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‘Source: Barclays U. Cﬁwﬂ
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BUSINESS INSIDER

COMPLAINS TUITION
|s/mn HIGH

WANTS Tl.ll_gll FRACKING
AND RAISE TUITION

frackf{eed ..

1 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.

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




OPPOSITION

TO
FRACKING




Fracking
FOR

Du;]&MIES

Speeds up climate change

D

Produces hazardous pollutants that
can damage health

Blights roads & countryside with
mass lorry movements

Not needed as transitional fuel

Overrides local planning decisions
A web of financial interests links
Tory politicians & fracking co's.

Support Kirkby Misperton and Preston New Road camps




February 7, 2015

oy
Scientific - Summary

Origin

Another noteworthy fracking
earthquake strikes Central
Oklahoma - 0.8 miles from
B nearest well. Operation looks
= a to be an older rusted out well

Azimuthal Gap

12-07 18:40:49.620 UTC

FE Region

Google eart LR (@76

Imagery Date: 4/18/2013 _ 36°16'24.16” N|_97°1615.04 W, elev 1050 ft _eye alt_ 725311 Imagery Date: 4/18/2013  30°10'23.03" N 97°10'14.30" W/




If terrorists
poisoned

the water...

you’d be outraged.

STOP FRACKING, NOW.

The Governments proposed human
experiments on the health effects

_ of fracking should be carried out on

“+ jts greedy, privileged proponents in

thelr exclusive Iocatlons

L.{NOT HERE! ;.

KEEPING,THE LIGHTS ON FOR
CELEBRITIES’ PARTIES SINCE 1947

frackfeed.com




At a Well: People working in
the oil and gas industry face
dangers like accidents, air
pollutants, and exposure to
chemicals.

water
quantity

national
security

Around the World: Oil and
gas release heat-trapping
gases, which cause climate
change, and also have an
impact on national security.

L
social

In a Community: People
living, working, or going to
school near wells may have
many of the same dangers as
people working at well sites.

disruption  jobs

water
quality

climate
change

ozone

In a Region: Air and water
quality are concerns in
regions with oil and gas, but
there are few regional-scale
studies about heath impacts.

carbon
dioxide
methane




ONLY YOU
CAN PREVENT

FAUCET

FIRES.




Scientific Study Links Flammable Drinking Water to Fracking

O 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.

U 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.

SAY NO TO

AP
FAUCET
FIRES!

y LAKE ERIE &
Faucet fire Clevelandmﬁff

O ol and gas reguletors have m@ 1y
concluded that natural gas that e
leaked from a faucet and caught fire Nelson Townshp
In & home in Nelson Township In ‘

Portage County last year did not | 0

come from a nearoy Utica-shale well. .

o o

THE COLUMBUS DISPATCH

If you love America...

Don't Look!

=

Parady'Artwork by Lmnopi

PARTY to the CR!M Protect children from SUBVERSIVE ART!
T Paid for by the U.S. Forest Service and

t y r keyBearFaucet 1.} the Department of Homeland Security
> _ -

Smokey the Bear Recruited to

Fight Fracking: Forest Service

Not ...
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| Methane in drinking water unrelated to fracking, study suggests

1  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.

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

(1 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.




v' The Case for a Ban on Gas Fracking,

v' Exposing the Oil and Gas Industry s False Jobs
Promise for Shale Gas Development:

v' How Methodological Flaws Grossly Exaggerate Jobs
Projections, False Promises and Hidden Costs:

v’ The Illusion of Economic Benefits from Fracking,

v’ Fracking: The New Global Water Crisis

v’ Fueling Extinction: How Dirty Energy Drives Wildlife
to the Brink

v' U.S. Energy Insecurity: Why Fracking for Oil and
Natural Gas Is a False Solution
v' WASTE: The Soft & Dirty Underbelly of Fracking

No Sane Civilization

Poisons theirow
Water Supply

On Shaky;Ground

EARTHOUAKE RISK IN CALIFORNIA

BECAUSE CELEBRITIES’ YACHTS
DON'T RUN ON WINDMILLS

frackfeed.com




pro and con of fracking Q

Q Al B News [JImages [ Videos ¢ Shopping : More Settings  Tools

About 7,870,000 results (0.62 seconds) 7 o 8 7 0 ° 0 0 O

Pros and Cons of Fracking | 5 Key Issues | Yale Climate Connections
www.yaleclimateconnections.org/ v

Learn how fracking can affect air quality, drinking water, earthquakes and more. Yale Climate
Connections weighs the issues to give you the facts around fracking. Subscribe To Newsletter.
Highlights: A Nonpartisan Multimedia Service, Providing Daily Broadcast Radio Programming.
Browse Topics - Radio Program - Climate Advice - Stories In Interview - Stories In Review

Fracking Environmental Impact | Learn About New Threats
www.wilderness.org/ v

What happens to wilderness when oil and gas drilling moves in? Learn more. Preserve Our Wild Places.
Support Public Lands. Tax-Deductible Giving. Since 1935. You Can Help. Join the Fight.

Sign Up for WildAlerts - More Ways to Give - Monument Designation FAQs




U.S. Lagging Other Countries in Wind As a
Percentage of Electricity Consumption

35% :
» Approximate Incremental Wind Penetration, end of 2013

30% - » Approximate Incremental Wind Penetration, end of 2012 |
u Approximate Incremental Wind Penetration, end of 2010
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U.S. energy consumption by major Resulting U.S. energy-related carbon

fuel type, 2017 dioxide emissions by major fuel type,
2017

nonfossil
20%

/q
Totals may not equal 100 because of independent rounding. Totals may not equal 100 because of independent rounding.

Source: U.S. Energy Information Administration, Monthly Source: U.S. Energy Information Administration, Monthly
Energy Review, Table 1.3, June 2018, preliminary data Energy Review, Table 12.1, June 2018, preliminary data




Primary energy consumption by fuel
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U.S. energy consumption by source, 2018

biomass 5.1%
renewable

heating, electricity, transportation

petroleum 36.5%
nonrenewable
transportation, manufacturing

hydropower 2.7% natural gas 30.6%

renewable nonrenewable 80%
electricity 11.5% heating, manufacturing, electricity
geothermal 0.2% \ coal 13.1%
renewable /‘ nonrenewable
heating, electricity electricity, manufacturing
*

’ wind 2.5% @ uranium (nuclear) 8.6%

renewable nonrenewable
7~ electricity electricity

solar & other 1.0%
renewable
light, heating, electricity

Sum of individual percentages may not equal 100 because of independent rounding.
Source: U.S. Energy Information Administration, Monthly Energy Review, Table 1.3, April 2019, preliminary data
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About 850,000,000 results (0.59 seconds) That’s 850 MILLION

THE PERMANENT PEOPLLES TRIBUNAL

Session on Human Rights, Fracking and Climate Change

Overview and
Opening Arguments

Presented by Evan Hamman & Revel Pointon
May 14, 2018
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NEED I SAY MORE?
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J Many studies have estimated that leaks from oil and gas
production, particularly fracking, are a major driver of rising
methane emissions.

L 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.”

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

] 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..




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

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

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

L And that is a bombshell finding.

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

L 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

Annual temperatures are expected to rise globally by 2050
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O For years, the IPCC, governments and environmental organizations they
influence have told the public:

that is still manageable
that global warming consequences will occur gradually

that global warming consequences will remain generally mild until about
2100

the very worst consequences of global warming will occur after 2100 long
after most of us living today are gone.

(] Nothing listed in items 1-4 above could be farther from the

truth!

v'  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.

v 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.




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

1  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.




Global Warming Consequences Destabilizing our Climate and Lives




Moving Beyond Carbon

U 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

Transition to 100% clean power
Replace oil burning cars and trucks with electric vehicles

Phase out polluting building equipment

Modernize industry and infrastructure

Repay our debt to coal producing communities




WHAT WE TALKED ABOUT

Geology in the News
The 4 E’s
Petroleum Geology

Oil Shale versus Shale Gas
Fracking

Pros of Fracking

Cons of Fracking

Fracking and Climate Change

Discussion
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“Have you tried turning it off and on again?”




What the hell
\ was | thinking?

CREATOR’S REMORSE




The Day the Dinosaurs Died
October 7, 2019

Geology and Geopolitics
Spring, 2020
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