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Energy consumption in the United States (1776-2017)
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U.S. LNG expor’r terminal
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RUSSIAN NATURAL GAS COULD
PROVE HARD TO QUIT FOR EUROPE
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JOE BIDEN COMMENTS ON FRACKING

EandE News, 9/18/20
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Methane = 87-98%
Ethane = 1.5-9%
Propane =0.1-1.5%
Butane = trace-0.6%
Pentane = tfrace-0.08%
CO2=0.5-1.0%

ner|
omponents
er
of abundance,
(mole percent) /
Nitrogen (N,)
Carbon Dioxide (CO,) omponen

Hydrogen Sulphide (H,S) r

Helium (He) of abundance)

Copyright 2013 Canadian Centre for Energy Information

WHAT IS NATURAL GAS<¢
TYPICAL NATURAL GAS CONSTITUENTS

Ethane (CyHg)
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N.Y. Governor Hochul

NEW YORK AND NATURAL GAS




Figure 4: Photograph of the Utica Shale near the town of
Donnacona, Quebec, Canada. Dark beds are shale, light
beds are limestone. Part of the dark color in the Utica

HOW ARE OIL AND NATURAL GAS
FORMED?

https://www.planete-energies.com/en/medias/close/how-afl-and-gas-deposits-are-
formed




HISTORY OF NATURAL GAS

*MGP - H2 50%, CH4 35%, CO, ethylene
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Dry natural gas production by type
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CO2 Facts: Natural gas is the lowest emitter of CO2 of all the fossil fuels

* Coal — 207 pounds (Ib) of CO2 are produced per MMBtu'’s of coal
combusted

* 0il - 160 Ib CO2/MMBtu’s

e Natural Gas— 117 Ib CO2/MMBtu’s

*  GWP (Global Warming Potential) of methane — 23-28 times CO2 long
term (100 years) and 72-83 short term (10 years)

* Methane lifetime in atmosphere — 9.1 years

* Leakage of methane from U.S. natural gas system is only 1.5%

*  “Breakeven” methane leakage with coal is 3.2-3.5% (GWP = 83) or
9.6% (GWP = 25)

* Breakeven with oil is 1.7% (GWP = 83) or 4.7% (GWP = 25)
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TABLE 5.5 Fuel Values and Compasitions of Some Commaon Fuels

® -

CH4 + 202 = CO2 + 2H20

Approvimate Elemental
Cotalposition () i
c H O Fuel Value (R] /g
Wi {pine) 3 & 4 I8
Antheacite coal (Pennsy bvania) 7] 1 z 31
Balumino s ooal (Fennsylvania) el 5 7 32
Charcoal 100 i) 1] i)
Cruede oil (Texas) 85 12 a 15 Methane
Casoline BS I5 U] 45
Matural gas Fit] 2 0 49
Hydrogen o L 0 12
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Studies Confirm Low Methane Leakage Rates from Natural Gas Developmenti
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Threshold for natural gas to maintain climate benefits (3.2%) = GWP - 83
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NATURAL GAS SYSTEM




The Shale Revolution: What is it and what are its implications?

NI . ¢

Shale Gas Plays, Lower 48 States |

* Shale revolution was the results

of 30 years of R&D on three e o R \ |
technologies and innovative ’

producers:
* 3-D seismic

* Horizontal drilling

[ shale Gas Plays Basins
Stacked Plays

* Hydraulic fracturing e Y B

Source: Energy Information Administration based on data from various published studies.
Updated: March 10, 2010
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Illustration of Shale Gas Play

o« Proppants,
e.g. slca sand

® Natural gas,
trapped inorock pores

? \I L . © geology.com
lllcn:reaed rock cracks Shale rock

15



Pore spaces in shale

connected
pore spaces

no unconnected
pore spaces pore spaces

—-——

porous
permeable

porous
non-permeable

/

Shale

non-porous
non-permeable

Permeability: A measure of the ease of flow of a gas or fluid

through a porous solid

Porosity: A measure of a rock’s ability to hold a fluid; ratio of
pore space divided by total rock volume

Shale: microscopically and
permeability and porosity
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Figure 5-1. Laboratory Measurement of Permeability of Intact

Specimens. [Boxes show range of measured values.

Pressure was hydrostatic and less than 10 MPa and

temperature about 25 C. Data from Brace (1980), Cloyna

and Reynolds (1961), and Keller (1960).]
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General Casing Design i -
for a Marcellus Shale Well ; Ll Displacement Fuid Casing

: i e

7 Cement I F.
~ |1}

Installing well casing ( '
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Casing Design P,

DRILLING, CASING AND <L)
CEMENTING

More than three million pounds of steel and concrete isolate the wellbore
he Marcellus Shale is typically 6,500 feet below the Earth's surface and water tuble

Cement Slurry

. ~— v
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[I] Float Collar
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- —
Guide Shoe Job in Progress
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Illustration of Natural Gas Fracturing

Wastewaler treatment

F ol

\\\\ \ \

Perforating

S| Chemical
‘-\: g Storage Trucks &5

- During

- e —

Fracturing

After 18



Environmental Considerations
of Hydraulic Fracturing

Water use — 4-5 million gallons of water per well (2 weeks worth of golf
course watering)

Chemicals used — proppants (sand), lubricants, detergents: 99% of
ingredients are water and sand

Ground (drinking) water issues — should not be a concern — 2 to 6 layers of %
steel and concrete pipe between ground water aquifers and the gas well.

. quu;fers (down to 2,000 feet) are shallow, gas wells are deep (usually below 5,000
eet

nal Dri

p S
Containing, Disposing of Drilling Mud

Ai r pOI I Utio n and Drilling Cuttings | 2015 ...

Seismic events (mini-earthquakes) with disposal of produced water (from
ancient buried seas) — must be disposed of in proper zones

Drilling muds and drill cuttings recycling or disposal
Hydraulic fracturing fluid and produced water recycling or disposal

19



Fracture Fluids Composition

Average Hydraulc Fracturing Fluid Composition for US Shale Plays

ellond
5%

Lovver; Fracfocs dale Awmesl XL

20



W Class Il well
*Less than appraximataly 1% is treated ot focilities thot are
either permitted to discharge to surfoce water or whose
dischorge stotus is uncertomn.
Most of the injected fiuid stoys in the subsurfoces, produced
water volumes over 10 yeors are approximately 10-30% of
the injected fiuid voiume.

approvimotely the :ame a3 the injected fluid volume.
Source: EPA Hydraulic Fracturing Study (2016)

HYDRAULIC FRACTURING WATER USE _ ..,
AND DISPOSAL




AIR POLLUTION ==
HYDRAULIC FRACTURING

LOCAL REGIONAL
POLLUTION B POLLUTION

[ )
AIR POLLUTION fox Y oo Yoo W aome.
HYDRAULIC FRACTUPNG

WELL SITE PREPARATION

AND ROAD CONSTRUCTION

TRUCKS AND HEAVY MACHINERY:
diesel PM, NO, CO,, CO, BTEX, PAH, dust

WELL DRILLING, HYDRAULIC

FRACTURING & WELL COMPLETION

DRILLING: diesel PM, NO . CO., CO, BTEX, PAH,

CH,, volatite drilling mud' nunrs and volatile
Jrocarbons from drill cuttings

HYDRAULIC FRACTURING: sllica dust, volatlle
fracturing chemicals, BTEX, and other volatile
hydrocarbons, PM, NO , CO,, CO

FLOWBACK AND ER:
volatile fracturing FILIIE other
volatile hydrocarbons, H,5

‘ﬂﬂﬂh‘z’h‘g’hﬂ.\

BTEX: banzane, lolusne mybﬂnmﬂnm Cre methane

Learn more at: /energy/gasdrilling e hydrogen suide; NOx: ht PAH: pot PM u.“-.

Source: Natural Resources Defense Council

- PRODUCED WATER: BETEX. and other GAS VENTING: CH,, H,5, BTEX, and other
volatile hydrocarbons, H,S volatiie hydrocarbons

GAS FLARING/VENTING: CH,, NO . CO,, AND TANKS:
€O, PM, H S, BTEX, and other volatiie CH,, BTEX, and other voiatile hydrocarbons

hydrocarbons
diesel PM,
and other volatile hydrocarbon

WORK-OVER AND MAINTENANCE: diasal
PM, NO , CO,, CO, CH,, BTEX, PAH, and
other volatiie hydrocarbons

WELL ABANDONMENT
& SITE REHABILITATION

PIPELINES: CH,, BTEX, and other volatile TRUCKS AND HEAVY MACHINERY:
hydrocarbons diesel PM, NO ., €O,, CO, BTEX, and PAH
COMPRESSOR STATIONS: diosel PM, NO

€0, CO, BTEX, PAH, and other

volatile hydrocarbons

GAS VENTING: CH_, 1.5, BTEX, and other
M\rol:mo hydlourbam
2 /N

e i BTEX. berdene. hssns. ofryibentens. and sylene. GHe methane. CO moncuide. COx carbon doNde.
s ¢ U b hydrogen sullce: NC. Mscgen Gnided: PAH. pofyCycht aromaic hydiocartons. P paricuiete malle

POTENTIAL AIR POLLUTION FROM

HYDRAULIC FRACTURING

Ref: NRDC



Induced Seismicity

[Oklahoma Area Seismicity (1973 - 2/26/2016)|
: I

« To reduce induced seismicity, the state
has identified 15,000 square miles of
active fault zones, and restricted or
eliminated produced water disposal in
those area

« Oklahoma’s 180-day moving average of
2.8 magnitude or greater earthquakes
peaked at approximately 4.5 per day i /
summer 2015, declining to about 2.3 4
day in fall 2016.

WELLS FOR PRODUCED WATERS

Ref: USGS, TIOGEL




- Renewable Natural Gas

RENEWABLE NATURAL GAS (RNG)
FACTS

Ref: BCSE 2020 Factbook



BRIDGE TO THE FU
GAS/RNG/RENEWABLES TO ENERGY

Ref: GTl, 2020




Figure 54. Average production profiles for shale gas
wells in major U.S. shale plays by years of operation
(million cubic feet per year)
1,750 | :
= Haynesville
1.500 | — Eagle Ford -
— Woodford

1,260 -+ — Marcellus -~
1 = Fayetteville
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15
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“DRILL BABY DRILL":

DUE TO HIGH DEPLETION RATES, HYDRAULICALLY FRACTURED WELLS
DEPLETE RAPIDLY, SO MORE DRILLING IS NECESSARY TO KEEP UP
PRODUCTION RATES




Deployment: U.S. natural gas demand
by end use

Bcfd
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lndustnal = Commercial = Residential Power ®=LNG exports = Mexico exports

NATURAL GAS DEMAND BY END USE
SECTOR

Ref: BCSE 2020 Factbook




U.S. METHANE EMISSIONS BY SOURCE

A Gas Boom
The atmospheric level of methane, the main comp:
accelerated in 2019.

# Methane, as a fraction of any billion samples of air

Enteric
Fermentation
Coal Mining 26%
8%
Manure
Management
10%
Natural Gas
Landfills Systems
16% 25%

" O

2017 Oil and Gas Methane Emissions by Segment (~203 MMTCO2e) =

Source: Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990 — 2017, USEPA, April. 2019

Distribution: 6 %
0il Production: 18 %

Processing: 6 %

1700

T T T
1984 '90 '96

SOURCE: NOAA

METHANE EMISSIONS BY SOURCE,
FROM THE U.S. NATURAL GAS
SYSTEM, 2017 AND WORLDWIDE
METHANE EMISSIONS

Total: 166MM tons of CO2e for natural gas systems

Gassing up In 2017, human
" activities pumped about 40 million metric tons more methane
into the than
uu!rs:g:m*m in the early 20005, Agriculture, along with landfill waste, and fossilfuel
B slch as d by only about 12 million tons.

Average annual global meth issi
—N
2000- B Wetiands
2006 1 Other naturai sources

2 Ml Agriculture and waste

O

SOUrc T Ht
| L] H .
0 400

2000-2006 vs. 2017

1

200 300 J
Metric tons per year

Ref: U.S. EPA, Bloomberg 4/20
Science News 8/15/20




———— Transmission Lines

-

Gathering Lines __—

" Processing Plant »

. >
Compressor

tations g
LNG or Propane/Air Plant
Large Volum_\eﬂCustomer

’ Regulator/Meter
/

|
- ‘. Residential

Distribution Mains {Lines) __

)

AGA
American Gas
Assoaciation

Picture countesy of American Gas Association

METHANE EMISSIONS SOURCES FROM

THE NATURAL GAS SYSTEM

Production

* Pneumatic Controllers

« Gathering/Boosting Stations
* Tanks

* Chemical Injection Pumps

Gathering and Processing
Reciprecating Compresseors
Centrifugal Compressors
Gas Engines
Blowdowns/Venting

Transmission
Reciprocating Compressors
Station Fugitives
Engines
Pipelines

Distribution

* Mishaps (Dig-ins)

* Residential

« Mains - Unprotected Steel

= Services - Unprotected Steel

V4




Deployment: U.S. natural gas pricing,
wholesale and by end use

Natural gas spot prices Natural gas prices to end users

real 2019 $/MMBtu real 2019 $/MMBtu
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SHALE GAS REVOLUTION AND INCREASED
SUPPLIES LED TO LOW NATURAL GAS
PRICES




HISTORY OF LIQUEFIED NATURAL GAS /
NS



HEALTH EFFECTS OF NATURAL GAS
EXPLORATION & PRODUCTION

Homes near
Gas well
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NEW MEXICO METHANE LEAKS
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ENVIRONMENTAL ISSUES WITH
NATURAL GAS
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CONCLUSIONS




