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Barnett Shale the overnight success that took 18 years!

George Phydias Mitchell

Barnett Shale

“It took George Mitchell 18 years to make it work,
He is the father of the Barnett Shale. He was

tenacious. He started in 1981 and it really
didn’t take off until 1999. And even then,
it took a long time to develop it.”

Larry Brogdon, Four Sevens Qil Co.
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How Big is a Quad? 1 Quad = 107>
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Shale Gas Plays in the United States
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How do we unlock, stimulate, gas from very tg;t 1{o]§

Is there any process more effective and safer than hy

Can we make hydraulic fracturing more effective? Lo .
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What have we done to address percelved fears? ¢ s e
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We are mapping where our fractures are gomg using soUnds generated
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Figure 3. Shale Gas Proved Reserves by Year

trillion cubic feet
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2 Other States include Indiana, Kentucky, Missouwri, Morth Dakota, Tennessee, and West Virginia.
Source: IS, Energy Information Administration.

Mote: The volumes of shale gas represent only data reported by operators on Form ElA-23, as opposed to complete ElA estimates. The actual total volumes,
including estimates for non-surveyed operators, may conseguently be different.
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Common Well Trajectories

Record: Maersk Oil
Qatar-Bd-04A

Total length= 40320 ft
Horiz sect. = 35770 ft
Target 20 ft thick!



Horizontal Well Plan

10M Prod Tree

Casing and Cement Seal prevent fluids from entering aquifers
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Why Horizontal ?

Haturally Fractured Reservoir

M ew Dual

e e Lateral Well
Pt g ’ fracture swam -
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New Wells Drilled Globally

120

M International
100

[ Canada
B uUs
80
&0
40
20
0

2006 2007 2008 2009 2010 2011 2012 2013

Thousands of Wells




Number of Wells Drilled in U.S.
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Percentage Horizontal, Vertical and Directional Wells Drilled in U.S.
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Numbar of Froducing Wells

3000

Number of New Vertical & Horizontal Producer Wells by Year as of July 1, 2010
All Counties/Fields in the Fort Worth Basin

B Vertical B Horizonzal

100d

2779

Bamett Shale Production Summary to July 1, 2010 i %
% -4
> v

Humber of Horizontal [HzjWwells: 9, 956
NHumber of Vertical /Directional (VD] Wells: 4,680 s bt hal o com
Total Producer Wiells: 14 645

Total Gas Production |MCF): 7,991, 7E3I TET
Total Oil/Condensate Production {BO]): 22,237 201
# of Wells with Peak Month Daily Avg. of 3,000+ MCF/D: 1,164

Daily AvE. June 2010 - Gas [MCF]: 5,002, 446

L

Daily Avg. June 2010 - GilfCondensate |BO): 10,506

* 2010 is 5ix Months to July 1
Hz projection for 12 months: 1,586
V/D projection for 12 months: 66
Tatal projection for 12 months: 1,652

1982 1683 1984 1955 1086 1987 1068 1080 19501691 1992 1993 1904 1905 1956 1697 1995 1959 2000 2001 2002 2003 2004 2005 2006 2007 2008 2008 2010

Year

Source: Railroad Commission of Texss - &0 Fields & Pending File Wells Fowell Bamnett Shale Hembete-,ﬂmhe-%im-:l
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A HYDRAULIC PROCESS FOR INCREASING
THE PRODUCTIVITY OF WELLS

J. B. CLARK, MEMBER AIME, STANOLIND OIL & GAS CO., TULSA, OKLA.

T. P. 2510 A HYDRAULIC PROCESS FOR INCREASING THE PRODUCTIVITY OF WELLS

= i o F =T e o P, gl "'j'_" i J‘Tt e 'ﬁr_

FIG. 1 — SHALLOW WELL HYDRAFRAC JOB, SHOWING (1) FORMATION FRACTURE CONTAINING FRACTURING LIQUID (2) EXPOSED FORMATION
FROPPING AGENT AND (3) ROCK ADJACENT TO THE FRACTURE PARTIALLY SATURATED WITH SIMULATED GEL BREAKER SOLUTIORD
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The Original Stimulation Techniques

THE OIL WELL DRILLER 157

The averape production of glyeerin from 1,500
potnds of acid and 220 pounds of glyeerin 8 about
140 quarts,  While nitro-glyeerin magazine explos-
jons are not rare, the real cause of the blowmge up
never becomes known, Those who are elose enough
t sn' 111|: cattse ahm i u|} W illl Ilu building. '{{Iw

] r1.|11':|I.II i thie Digsifiess 1]1'1.'* it E'.H.LUJ] 15 VeRrs,

Very few ever recover from a nitro-glycerin ac-
cillent and those who are killed have their bodies torn
to atoms, A great number of persons have been
killed by the so-called empty nitro-glyeerin tin- s,
Reware of the dangerons empty nitro-glyeerin cans,

LIST OF NITRO-GLYCERIN TORI'LIGES,

I'HE OiI1L-WELL DRILLER

A HISTORY OF
THE WORLLD'S GREATEST ENTERPRISE,
THE OIL INDUSTRY

BY

CHARLES A. WHITESHOT

Author of *The Hisory of O and Gas,” 03l Sketches,”
“0il Noges,™ etc.

1905 2



Frac Market Size

The Size of the Market

& Economides Consultants

Total: $13.5 billion Hr
12 Billion US dollars
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Stimulation-Stimulation-Stimulation

Vertical wells
massive frac treatments
all sorts of frac fluids

Horizontal Wells
slick water frac

extended reach 5000’-10000’
multistage fracs (5-32)
multilaterals

simul fracs
button frac
zipper fracs

More sand-More Horsepower?

23



Stress Orientation Controls Fractures
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Frac designs and Proppant Placement

Stress Concentration Area (EOT)
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Cumulative Hydraulic Fractures
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Hydraulic Fracturing Operations
"/F “\‘ "/_ Model Simulations: ﬂ\" I'/_ Bring Hydraulic Fracturing ‘\‘ ‘/F Bring Fluids ﬁ\‘

Equipment On-site: On-site:

Drilling & Data Collection:

,

/ Acid Treatment: -H\' "/ Flush and Initiate Formation \ / Parforate Production Tubing

Breakdown:

27



Number of Hydraulic Fracture Stimulations: Barnett Shale
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More stages with time !
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Refracking
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Vertical wells: hydraulic fracture stimulation

Mechanical Aspect

Chemical Aspects

30



2

DITORIAL: Hydrofracking
1knowns

News / Viewpoints / Editorial

Discussion

E2 Wire

tory Image (2)

THE HILL'S Energy & Environment Blog

ted: Sunday, February 13, 2011 12:15 am | (1) Comments

] ) Recommend

E3 Sign Up to see what you

2
b

> State Department official says U.S.
s shale -gas boom has ‘transformed global ="

BPRINT
F energy markets’

Ie & SHARE
:\f By Ben Geman - 08/2410 0324 PN ET

0
A senior State Department official said Tuesday that the U.S. boomin

E
gl

S e B i e R B A T S

Crystalline Silica: Quartz F'olyethoxylate
(2). Dazomet Polyethylene Glycol Mixtur
Diatomaceus Earth Polysaccharide, Eth:
assium Hydroxide, Ethoxlated Alcohol Prop-2-yn-1- U‘I Ethoxylated Alcohol F'ropan -2-01. Et

T T T N T

Etl d el s Dimmcbm b

Y chron | Energy

Bl Recommend - 97

=~ 0 Comments

Blogs

News - Music - Calendar -
@ :

aLoas coLumns 03 BEST OF o BARS + CLUBS O |

ARCHIVES

Craytown

/04>, Quadriplegic
f ‘é'- Stuck on 'It's a

) QEI Small World'

Egypt's Mubarak
Moving to LA?

Not Impossible ...

TOP E&"“‘
STORIES |

Environment

Hydraulic 'Fracking' -- New Qil-Drilling
Technique -- Could Create Jobs, Poison Tap
Water in Cahforma

Simaone Wilson 1@
Sl

Comments (2

AHIL}akine

Bl COMMENT

producing natural gas from shale rock formations could pave the way for other

M NEWS SPORTS BUSINESS ENTERTAINMENT LIFE

Fracturing to get close look

! But EPA administrator says it's no guarantee

By JENNIFER A. DLOUHY Copyright 2011 Houston C
Feb. 2, 2011, 7:32PM

Headlines

IESEARCH & ANALYSIS | OTHER 23

NERGY

f share B 3 Tweel

o Fracking Way: Gasland vs. Shale Gas

GOTOTHEHF hydrguhc fracturmg of thg Marcellug Shale an energy transition strategy, or
in environmental disaster in the making?

ROWERTIZEMENT

datural

Explore jas nas
yeen
& natura]etling
-pome
'|ood
ress
ately —
ind some
iot-so-
jood
ress.
atural gas provides 21 percent of LS. electricity right now and the figure will rise to 40 percent by
035, according to consulting and construction giant Black & Veatch.

Imsge Credit: Ruhrfizch, Wikimedis Commonz

GUARANTEED
LOW RATE

ONLY

SUBSCRIBE NOW

o Give a Gift
$ per | ® Renew
15sue | o Questions

SUBSCRIBE

HOLLYWOOD ELIIMLIZW POLITICS CULTURE SOCIETY STYLE BLOGS PHOTOS VIDEQ MAGAZINE VFSTORE

PROMOTION:

THE NEW ESTABLISHMENT ~ ARIANNA HUFFINGTON ~ SEAN PARKER  BRYAN BURROUGH ~ MICHAEL LEWIS ~ BETHANY MCLEAW  MICHAEL WOLFF

hronicle

WASHINGT
close to laur|
probe doesn
regulate the
said Wedne

Jackson sai
congression

0

vanify fair * BUSINESS » ‘Searth VF.com

SHARE (5 PRINT [ E-MaIL ) Rss

AColossal Fracking Mess

The dirty truth behind the new natural gas. Related: A V.F. video look at a town transformed by

MOST POPULAR

1.

E-MAILED | COMMENTED |

To Have and Have Not

Michael Levis on Ireland

ra

other states | fracking, 3. The Last Roll of Kodachrome—Frame by

"We expect, . Fame!

our study fin Bmf Cllrlstuplle‘r’Bateman # Photographs by Jacques del Conte 4. Sezn Parker: With 3 Little Help From His
WEB EXCLUSIVE June 21, 2010 Friands

The EPA prd R

N
technigue being used to unlock natural gas from shale nationwide.
The process involves injecting mixtures of water, sand and

chemicals deep underground and under high pressure to break up



*B# RajLRoAD CommissioN o/ TEXAs

Contact Us | Log In | FAQ's | Link
Home = Press Releases > 2008 > COMMISSIONERS APPROVE OF DEVON WATER RECYCLING PROJECT FOR THE BARNETT SHALE
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Disclosing Frac fluid Contents

Fracturing Fluid Additives

Additive Type Main Compound(s) Purpose Common Use of Main Compound

: ) - ) Help dissolve minerals and
Hydrochloric acid or muriatic scid R o1 =
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Eliminates bacteria in the water . - )
Disinfectant; sterilize medical and dental

Biocide Glutaraldehyde that produce comosive .
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i . Allows a delayed break down of EE =
Breaker Ammonium persulfate cosmetics, manufacture of household

the gel pohymer chains plastics
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Us=d in pharmaceuticals, acnylic fibers,
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What is a Fracture doing?....... Pressure Monitoring

stable growth

Log net pressure

la, Ib

screen out

V
1l IV

VI

Growth
out of
zone

Log time




ine Back Fractures in the Lab and the Field | :

I“-- --' Iy "

% P P
3 ;’-:“:__'- : u f-: . =)

. :
i \ } o R
W L) 1 i
" AR - . b ' : 5 kW
. H . ¥
;

. - 5‘\‘\ 3 gu

\ \
)
e

HV | mag| HFW |

e

1115/2010| WD |mod
81151 PM[{139mm| SE

4 F
300 ym

20.00 kV|300 x| 853 pm | S6-Sliced(|




Microseismic Monitoring
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Microseismics
Associated with
Hydraulic Fracturing
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Laboratory Studies

* Fracture aligned with applied stress

* Planar perpendicular to propagation
direction

e Zone of microfractures around the
main fracture

Parallel

Early
Intermediate

A Perforation

Sensor






Simulfrac....two wellheads are connected
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Lee 20 #4 Lee 20 #3 Lee 20 #5 Lee 20 #2
1

Lee Superpad
Frac Sequence

12 11 12 11
13 - 14 : 13 .f. 14
16 15 16 15
17 18 17 ll 18
20 19
21 22
24 23 f:;cr)r:ﬁ;?trfoe:ig;tszu;;ajﬂo;; 1025
26 25
27 ) 28
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Continental Resources Complicated Multifrac Experiments in the Woodford

Z=6000-7700’
th=160-180’

. faults
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Initial stimulation 1,2 & 4 recorded at 2




Time Evolution of Stimulation
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Barnett Well fracking down into the Ellenberger

Depth (TVD), ft

Transverse View of Mocroseismic Events
View Parallel to N 45° E Scaled by Stage

200 &  Stage 4
@ Stage 3
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Note activity far away from treatment well but close to
observation well.
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Microseismic Mapping of Stimulated Reservoir Volume
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Hydraulic Fracture Heights and Aquifer Depth: Barnett & Marcellus
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Stages 2-6 mapped with OBS well #2 :stages 5 &6 intersect faults
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lon Milled Scanning Electron Microscope Images:

Reveal microstructure in grains and kerogen which contains and delivers gas
Kerogen estimation from logs, kerogen density?

Inorganic linear
pores

Inorganic linear
pore

Kerogen 20 nm wide,
276 nm long

4

HV  mag WD mode det HFW 4 um HV mode det WD HFW
1.00 kV 12 000 x 4.1 mm BSE TLD 10.7 ym Haynesville-20100204-A 1.00 kV BSE TLD4.1 mm2.56 ym

ww o

Curtis, Sondergeld, Ambrose and Rai, 201G>




Scanning Transmission Electron Microscopy:
Reveals even finer details of phyllosilicate porosity

Kerogen

‘ Hv curr mag B8 det HFW WD — 200 nm
3000 KV |43 pA | 174998 x | STEM Il 731 nm | 4.8 mm Helios ManolLab

Curtis, Sondergeld, Ambrose and Rai, 201¢:6




Slice and View Capabilities:

Renders volume from which organic and pore geometries can be extracted.

Curtis, Sondergeld, Ambrose and Rai, 201¢:7
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Wells drilled in OK-March-2011
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Hand Specimen: Woodford, pyrobitumen filled fractures







Haynesville Horizontal Well Plan

10M Prod Tree

4,620’ Lateral
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Connection of Hydraulic Fractures
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Table 3. Principal Shale Gas Plays: Natural Gas Production and Proved Reserves, 2008-2009
(billion cubic feet)

2008 2009 Change 2009-2008

Shale Play Production Reserves Production Reserves FProduction Reserves
Bamnett 1,201 22492 1,745 26,493 318 4,001

Haynesville/Bossier 2 1,031 321 10,468 296 9,437
Fayetteville 279 3,833 927 9,070 248 5,237
Woodford 166 3,849 249 6,369 81 2,044
Marcellus 2 102 76 4478 4 4,376
Antrim 122 2,894 132 2,499 14 -399
Sub-total 2,097 34,197 3,050 59,397 3953 25,200
Other Shale Plays 19 231 60 1,247 41 1,016
All U.S. Shale Plays 2,116 34,428 3,110 60,644 994 26,216

Mote: The above table is based on shale gas proved reserves and production volumes as reported to the EIA on Form EIA-23.
't does not include ElA-estimated volumes for non-surveyed operators. For this and other reasons (e.0., incormect or incomplete
respondent submissions, respondent misidentification of shale versus non-shale reservoirs) the actual proved reserves and
production of natural gas from shale plays may differ. Official EIA shale gas production volumes are reported in Natural Gas

Navigatar. 67


http://www.eia.gov/dnav/ng/ng_prod_shalegas_s1_a.htm

Evolution of Hydraulic Fracturing

Technology

[Nitroglycerine

1950

|[Water frac

1960

1970

1980

1990

2000

2010

IKiel Frac

[Masive Hydraulic Frac

[Foam Frac

[Propellant

[Nitrogen Gas Frac

[CO, and Sand

[Deviated/Horiz Wells

[Long later/multistage

[Sumul/Zipper Frac
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90% verticals fracked, 2-3 fracs
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1990 to
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2001
2002

2015

Section 29 Milestones

Congress creates Section 29 Tax Credit

Non-conventional gas production is 1.5 trillion cubic feet per year
First significant Coalbed Methane production

Devonian Shale production doubles from historic levels

Non-conventional gas doubles from historic levels reaching
3 trillion cubic feet

Coalbed Methane reaches 1 trillion cubic feet per year
Non-conventional gas production totals 4.8 trillion cubic feet per year

The nation benefits from a decade of stable and fair priced
gas supplies

Non-conventional gas represents 30% of lower-48 gas well production
Credit will expire without action

The nation neads over 7 trillion cubic feet of non-conventional gas
to meet demand

The tax credit provided a $0.50/Mcf incentive for gas produced from nonconventional
gas resources (Tight Gas Sands, Coalbed Methane, Devonian Shale).
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Woodford Multifrac---Continental Resources
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