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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 Oil Co.

Barnett Shale the overnight success that took 18 years!
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US Energy Consumption
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1,000,000,000,000,000

1 Quad = 1015

Bill Gates
Warren Buffet

Bricks in Empire State Building

Bricks in the Great Wall of China

US National Debt

100

US
Energy
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How Big is a Quad?
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Natural Gas & Condensate

Do we have a cleaner alternative?

Do we have abundant supplies of natural gas world wide?

Do we want to stop importing energy supplies?

Foreign companies and countries now realize US can be self sufficient in natural gas
this has changed LNG export strategies!

Do we want energy security?

Do we have abundant domestic supplies of natural gas?

Do we want new sources of tax revenues or should we just ship our dollars overseas?

Do we want new jobs in the US ?

3,700 Tcf; consumption 27 Tcf/yr  140 yrs supply
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How do we unlock, stimulate, gas from very tight formations? 

Is there any  process more effective and safer than hydraulic fracturing?

What have we done to address perceived fears?

We are disclosing exactly what is used in fracturing fluids!

We are mapping where our fractures are going using sounds generated
during the fracture process.

We are trying to better understand the fracturing processes so we
can better control it
use less fluid
use less horsepower (reduce carbon footprint)
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Can we make hydraulic fracturing more effective?
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Horizontal Well

Vertical Well Directional Well
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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!



5,000‐10,000’

 

Lateral

10M Prod Tree

Horizontal Well PlanHorizontal Well Plan
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Casing  and Cement Seal prevent fluids from entering aquifers

Stages‐8, 10, 15, 20, 40
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Why Horizontal ?



Sound  Wall (30’

 

high)
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Why Horizontal ?
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New Wells Drilled Globally



Number of Wells Drilled in U.S.
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Smith Bits



Percentage Horizontal, Vertical and Directional Wells Drilled in

 
U.S.
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Smith Bits
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Hydraulic Fracturing
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1948
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The Original Stimulation Techniques

211905



Frac Market Size
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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

Stimulation‐Stimulation‐Stimulation

More sand‐More Horsepower? 23



Stress Orientation Controls Fractures
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stages



Frac designs and Proppant Placement

rock rock

proppant

25



Credited with:
9 Bbbl oil, 700Tcf gas
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Hydraulic Fracturing Operations



Number of Hydraulic Fracture Stimulations: Barnett Shale
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More stages with time !



Refracking
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Barnett



Vertical wells: hydraulic fracture stimulation

Mechanical Aspect

Chemical Aspects
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Making Headlines!
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Disclosing Frac fluid Contents



stable growth

screen out

Growth
out of
zone

What is a Fracture doing?.......Pressure Monitoring
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Shear 

 
fracture

SEM

SEM: Scanning Electron Microscope
35

Mine Back Fractures in the Lab and the Field

1 cm



Microseismic Monitoring
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Microseismics
Associated with
Hydraulic  Fracturing
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Map View



• Fracture aligned with applied stress

• Planar perpendicular to propagation 

 direction

• Zone of microfractures around the

main fracture
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Laboratory Studies

Perpendicular Parallel

Perforation
Sensor

Early
Intermediate
Late

Time

4000 psi

X

Y(mm)

(mm)
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Simulfrac….two wellheads are connected
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Lee 20 #4 Lee 20 #3 Lee 20 #5 Lee 20 #2
14 stg 14 stg 13 stg 12 stg

1 2 1 2

4 3 4 3

5 6 5 6

8 7 8 7

9 10 9 10

12 11 12 11

13 14 13 14

16 15 16 15

17 18 17 18

20 19 20 19

21 22 21 22

24 23 24 23

26 25 25

27 28
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3
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5

6

7

8

9

10

11

12

13

14

Stg #

Lee Superpad 

 
Frac Sequence

Note: Order of surface location 

 

from left to right: #3, #4, #2 & #5
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Continental Resources Complicated Multifrac Experiments in the Woodford

Z=6000‐7700’
th= 160‐180’

1 mile
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faults



Initial stimulation 1,2 & 4 recorded at 2

1
2 3 4

sensors

Fault
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Time Evolution of Stimulation
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Evaluation of Frac Stages
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Barnett Well fracking down into the Ellenberger
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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

5000 ft 3000 ft

Hydraulic fractures do not communicate with aquifers!

4000 ft
3500 ft

Barnett

Marcellus



Barnett

kerogen clays

chargn
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Hydrocarbon Mining Technologies

Horizontal Drilling, Multilaterals

Hydraulic Fracturing, Multistages, Simulfracs, Zipper Frac

University of Oklahoma Center for Shale Research
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Kerogen Porosity


 

= 48‐55%

pyrite

52(SPE131771)



Stages 2‐6 mapped with OBS well #2 :stages 5 &6 intersect faults
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Plan View Syn‐Shale
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a) b)

Inorganic linear 

 

pores

Kerogen

Inorganic linear 

 

pore
20 nm wide,
276 nm long 

80  nm

Clays

Ion Milled Scanning Electron Microscope Images:
Reveal microstructure in grains and kerogen which contains and delivers gas
Kerogen estimation from logs, kerogen density?

Curtis, Sondergeld, Ambrose and Rai, 201055



c)

Clay

Kerogen
31 nm

4 nm wide

Curtis, Sondergeld, Ambrose and Rai, 2010

Scanning Transmission Electron Microscopy:
Reveals even finer details of phyllosilicate porosity
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4.2
5 µ

m2.87 µm

3.07 µm

a) b)

c) d)

Slice and View Capabilities:
Renders volume from which organic and pore geometries can be extracted.

Curtis, Sondergeld, Ambrose and Rai, 201057
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Backscattered SEM image: Ion‐Milled

BarnettGrain

kerogen

clays

Flow structures

charging

Grain

(SPE131771)
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vertical
directional
horizontal

Wells drilled in OK‐March‐2011
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Fisk, 2009

Hand Specimen: Woodford, pyrobitumen filled fractures

Scheiber, 

 
2010

Thin sections

Fine scale bedding, structures, mineral 

 
variations, bioturbation, anisotropic
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4,620’

 

Lateral

10M Prod Tree

Haynesville Horizontal Well PlanHaynesville Horizontal Well Plan
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T1 T2

T3 T4

Connection of Hydraulic Fractures
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http://www.eia.gov/dnav/ng/ng_prod_shalegas_s1_a.htm
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Technology 1950 1960 1970 1980 1990 2000 2010

Nitroglycerine

Water frac

Kiel Frac

Masive Hydraulic Frac

Foam Frac

Propellant

Nitrogen Gas Frac

CO2

 

and Sand

Deviated/Horiz Wells

Long later/multistage

Sumul/Zipper Frac

Evolution of Hydraulic Fracturing



90% verticals fracked with2‐3 fracs

15,000 horizontals with 8‐10 fracs

90% verticals fracked, 2‐3 fracs

1000‐2000 horizontals
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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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Mine Back of a
Hydraulic Fracture
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Woodford Multifrac‐‐‐Continental Resources

2 3 41



Deja
 

vu
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