What the Frac is Going on?
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A Brief Introduction
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How Is OIl Formed?

New data show that
Coal and oil formed
in a flood
5000 years ago.




The Composition of Oll

Chemical Composition of Petroleum

Petroleum, also known as crude oil, is a very complex mixture consisting of paraffin, naphthene
(cycloparaffin), and aromatic hydrocarbons
as well as nitrogen-, oxygen-, sulfur- containing compounds and traces of a variety of metal-containing compounds,
and inorganic compounds.

Saturated alkanes: (n-alkane and i-alkane)
General formula C H,_,
Naphthenes or Cycloparaffins (saturated cyclic hydrocarbons i.e. cyclohexane)
General formula C_H,_ for one ring compounds
Alkenes or Olefins — unsaturated aliphatic hydrocarbon (i.e. ethylene or propylene)

Aromatics hydrocarbon (cyclic and polyunsaturated hydr

Alkylaromatics have very high octane # - content in gasoline
effects due to high tox

Polyaromatic Hydrocarbons — aromati
Heteroatom compou
Sulfur compounds might be present in inorganic and orge

Oxygen compounds are responsible for pe
Nitrogen compou

Metal Compound:
Porphyrins contain NI,
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The reason that we are an oil-based economy is that until the 1970s, it was dirt cheap
and readily available. As a result all our infrastructure was built on that premise.
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Why do we frac?

U.S. Energy Flow Trends — 2002

Net Primary Resource Consumption ~97 Quads
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Because energy was cheap
and readily available, our
energy usage is extremely
inefficient. Conservation in
many ways can have a
significant impact on this.
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Source: Production and end-use data from Energy Information Administration, Annual Energy Review 2002.

"Mt fossil-fusl electrical imports

#Hiomassiother includes wood, waste, alcohal, geothermal, solar, and wind.
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Oil = How Much is Left?

This infers that the midpoint of depletion will oceur in 1999.

Time to Depletion Midpoint (Years)

1
Campbell World Qil Production Plot
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Limited Natural Resource Facts
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American whale oil production compared to oil
in 1860 500 kb/a & 400 $b

T

—o— whale oil smooth 7 vr kb/a
'S oil prod kKb/w/ 100

= whale oil price $2003/b/10

»

== 01l price S2003/b

<
—— — -

IS10 1820 1830

1S40 I8R50 1860 I870 IS8R0 1890 1900
source Ugo Bardi
Year deflator: Oregon U

If you rely on non-renewable energy, you get a normal distribution curve of its’ availability.




Shale Oil Helps, Right?

Markets . Chart of the Day
o US Crude Oil Production, January 1973 to January 2015

II 9.2M bpd ,l

6 Barrels per day (Millions)

Source: Energy Information Administration Carpe Diem Blog
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Figure 1. US petroleum consumption, 1949-2014
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Shale Oil Helps, Right?
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Oil = Who Has It?

Who has the oil?

The Middle East controls more than
60 percent of the world’s remaining oil.

The United Stazes consumes more
than 20,000,000 barrels of il every
day but has less than 2 percent of the
world’ remaining oil.

World Reserves of Oil

Bilicns  Pascentage of
of Barrels  Workd Reserves
Sauds Azabla 262.73 22.3%
¥an 132.46 11.2%
Who 3 180 115.00 9.7%
(‘onl::? lg‘:sﬂ?du) Kuwait 99.00 8.4%
United Arab Emirates  97.80 8.3%
@ 6,000+ Venezuela 2 6.5%
Russia 72.27 6.1%
@ 3,000-5,999 -
) 2,000-2,099 Libya
@ 1,000-1,999 mm
@ 0999 o
Canaca
Qutar



Oil = Who Uses it?

Consumption per capita
Tonnes

tonnes par capita



Oil = Who Controls it?

Major trade movements
Trade flows worldwide (million tonnes)

Lsa,
Canada

Mexico

5. & Cant. America

Europe & Eurasia

Middle East

Africa

Aszia Pag




Oil = Who Controls it?

AT AN
OCEAN
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Limited Natural Resource Facts

The World in 2050

WORLD POPULATION

PROJECTION
10 billion

Economy

8 billion
6 billion
4 billion
2 billion

0

From United Nations Department of Economic ane

Social Affairs 2010 Environment

~ 9 Billion People

How Will We Provide Twice As Much Accessible, Affordable, and
Secure Energy While Protecting the Planet? Zoback, 2018




Natural Gas Resources

GLOBAL SHALE GAS BAS'NS . Top reserve holders 200 - In trillion cubic metres

: . '@ China
Mexico @ Algeria .

@ Brazil

ASSESSED BASINS
: : Australia
B With resource estimate ‘ ‘ P

Without resource estimate ‘@ South Africa
b @ Argentina

Source: EIA based on Advanced {
Resources International Inc data, BP

Graphic: Catherine Trevethan {.t REUTERS

200 years of
supply at
current
usage
levels.



Where is OIl

Anticline Traps

Trap

Source rock = shale gas
resource. BUT
permeability is extremely
low, so it won’t flow at
commercial rates. The
answer is to frac it.

& Gas Found?

P
A

Wfﬂ"’ crude il in

Fault Tl'ap Salt Dome Trap reservoir rock
western Lanaaa >eaimentary sasin permeable rock and water
ROCKY MOUNTAINS FOOTHILLS PLAINS Seal
Banff Calgary Fort McMurray
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heavy oil
deposits

Run the numbers:

« for an 8 diameter” vertical well at
10,000° 0.0013Mscfg is accessed
« for a 100’ long frac

you access 500x

LR - for a 10 fracs in one well,

B you access 5,000x

i British Columbia J Alberta l

.@ Younger clastic sediments (sandstones and shales) ‘

— Generation and migration of oil

Older carbonate sediments (limeastones and dolomites)




Shale Gas — How to Recover it at Commercial Rates?
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Horizontal wells have multiple frac stages to open large volumes of rock. Some
recent fracs have involved over 60 stages along more than 2 miles of distance.
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as they make money, this will be their business plan.

| lot of science, they just pattern drill in extreme density at great depth, and as long

Let’'s Frac The Bakken

] Many companies are in “harvest mode” in driIIing for this resource — they don’t use a




What is a frac job?
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How Does a Frac Work?

l l l l l l l l l l l l Fractures turn radial flow into linear flow

Increase “effective wellbore size” to 5 to 10ft

A A
T T T T T T T T T Tap into existing natural fractures, enlarging drainage volume
STRESS
(psl)
100 } STRESS lpﬂ) 2500
' ' ' ToP OF FRACTURE_ =" 2500 Y G
///. - - " 1200 1200
50t 5 rJ“ i o o
- - o .::: 1500 1500
et et e
= FRAC ZONE/ =~ ~,___CENTER T —_— eRACrUR T
i o R SN, ﬁ'_""“""fw’x.\, B . z°"‘s
Q — s ' é‘ 1000 o2 1667 T e
< T ' 1250
« N =
— -50 — - EJ"’ o
2 i r—170
o I \.‘__.ﬁ_\ ] 1250 = Kig, = Ky, = 1000 psinTn
HN:\\ - = 5 x 10% psi
=02
=100 I~ BOTTOM OII?\“\ 7 1700 - 550 psl
FRACTURE \ 161.3 ft
K,c=1000 psi FOR ALL ZONES \ - a5 = 0.01786 ft
-150 . L - L L L ! t

0 100 200 300 400 500 600 700 800
TREATING PRESSURE (psi)

Fig. 3.25—Example width calculation for seven-layer case.

Fig. 3.20—Example calculation of height growth for a seven-
layer model.



Imaging Fracs With Seismic Emission Tomography

- e Semblance (S) is a measure of the coherence of

sensor

acoustic emission for each voxel, over a selected time
window (e.g. 1 sec.).

e —— For the time window (1 sec.,
— ‘ sampled at 1000 sps) the data

= : are stacked, a semblance value is
,,,,, == =1 computed for each voxel.
== :
&5 /;
]\ p
microseismic
mnf
s ;_“T_::':f-?’::?

For the given velocity model, travel : i i
time is computed for each voxel
recording-site pair.



Imaging Fracs With Seismic Emission Tomography

TFI data (black crosses)
and MEQ data (red dots)
well trace in white

Devonian Shale — Northeastern U.S.

Micro seismicity

iELKCReEZDAL790
Wwell 870 T

Correlation of Flow with

Fractures not Megs
Natural Fracture /
Joint Density
ile. ..
Packers —

Dan Moos et al.
SPE 145849

The cited paper corroborates th
TFI™ data as resulting from permeable
— and that it is the total trace signal,
N nicroseismic signals, that images the res



How Does a Frac Work?
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How Does a Frac Work?

| (C) contours of damage due to shear/compressive failure. (D) Contours of damage due to tensile failure.

. - Injection Time = |
. 30 minutes

(C) compressive or shear failure and (D)
tensile failure after 30 and 60 minutes of
injection for model simulating an
overburden depth of 3000 m (~9800 ft)
with a normal-faulting stress regime (o1 =
oV =60 MPa [8700 psi]; 02 = cH =50
MPa [7250 psi]; 03 = oh = 40 MPa [5800
psi]). Initial pore pressure is 30 MPa
(4350 psi).




How Does a Frac Work?

APV-2




So What Can Go Wrong?

2. Geologic migration 3. Exsolution of
1. Shallow microbial of gas-rich brine “in-situ” gases

~

¢H4 ) ( CH.Q/__CI./
o= 'CHy ’
C1F~

7. Leakage from
abandoned wells

[ 4. Annulus-conducted gas ]

8. Migralxéh from déplh R S

\:‘L\[from hydra‘ulnc fracturing |

- / /,‘ 7 “‘\Qh__\ \ \

Gas-rich pocket

Natural fracture network . <8
Gray Shale
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So What Can Go Wrong?

-
H HORIZONTAL SHALE WELL

Earth
Stress

BASEMENT

WATER DISPOSAL WEL!

~ 200’
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So What Can Go Wrong?

110° 105° 100 90" 85" 80° 75° 70° 65"
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1w Dec.31,2011-M4.0
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M.D. Zoback, Managing the seismic risk of wastewater disposal, EARTH, April, 2012, 38-43 (2012).



Solutions?

10 billion
8 billion
6 billion
4 billion
2 billion

0

The World in 2050

WORLD POPULATION
PROJECTION

From United Nations Department of Economic anc
Social A]fiur\ 2010

~ 9 Billion People

California Problems as of 2012

eUp $0.40 overnight!

eCalifornia has a closed market for gas

eTesoro, BP (Arco) & Chevron control 54% of refining
e27 refineries in 1980s, 14 today

eState “green” rules could result in 8 more closing

eRichmond refinery fire & power outage at ExM plant

/@w .
£ G- N 2

Environment

How Will We Provide Twice As Much Accessible, Affordable, and
Secure Energy While Protecting the Planet? Zoback, 2018




Solutions?

Thank you.

It's a complicated problem with
LOTS of money involved.
Conserve energy & vote smart.




