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E Test Well Gas Rate
]
2 1000 : b
% ﬁ’ I"‘L‘D‘r«-
i s
= Gel Stimulation ‘4
= 100 =
E Waterfrac —
Refrac
11] I | I I I I
D11#A: 5 ;
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SITUATION:

TYPICAL SOLUTION™USED IN HYDRAULIC FRACTURING

Guar gumyHydroEyethyl cellulose
0.056%

U Patassum
0 e 49 % -

ADDITIVES®
L

Ethylane glyool
0.043%

Sodium/Potassum carbonate

0.011%
Sodium chioride
0.01%

Biorate salts

0.007%

CIerkc acid

0.004%

Isopropana

0.085%

N

N.n-dimethyl formarmide

0.002%

Glutaraldetyde

Add
0.123% '0.001%

Petroleurn distillate

0.088%
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Com pourd®

Purpose

Helps dissohse minerals and
initiate fissure in rock (pre-fractune)

Common application

Swirnming pool cleaner

Glutaraldehyde

Eliminates bacteria in the water

Disinfec tamt; Sterilizer for medical
and dental equipment

Sodium Chloride

Allowes a delayed break down of
the gel pobymer chains

Table Salt

M, n-Dimethyl formamide

Prevents the corrosion of the pips

Used in pharmaceuticals, acryic
fibers and plastics

Borate salts

Mairtains fluid viscosity as
temperature increasss

Used in laundry detergents, hand
soaps and cosmetics

Palyacrylamide

Minim izes friction betweean fluid
and pip=

Water treatment, soil conditioner

Petroleurn distillates

“Slicks" the water to minimize friction

Make-up remover, laxatives,
and candy

Thickener used in cosmetics,

Guar gum Thickens the water to suspend thesand | baked goods, ice cream, tooth-
paste, sauces, and salad dressing
Citric Acid Prevents precipitation of metal cxides Food additive; food and

beverages; lermnon juice

Paotassium chloride

Creates a brine carrier fluid

Loy sodium table salt substitute

Ammonium bisulfite

Rermoves oxgygen from the water to
protect the pips from corosion

Cosmetics, food and beverage
processing, water treatrment

Sodium or potassium carbonate

Mairtains the effectiveness of
other components, such as crosslinkers

Washing soda, detergents, soap,
water softener, glass and ceramics

Froppant Allowes the fissures to remain open Drinking water filtration,
5o the gas can escape play sand
_ . Autornotive antifreeze, household
Ethylene ghycol Prevents scale deposits in the pipe cleansers, deicing, an?ca ulke
| | U=sad to increass the viscosity (lass deaner, antiperspirant, and
=Opmopano of the fracture fluid hair color




%‘* 5000 At a drilling rate of double the A
o expected peak of 6,000 wells
- per year, industry water usage
2 4,000 still represents less than 1% of
E Pennsylvania daily water usage
S 3,000 ~
3
w 2,000
o
c
o 1,000
= 60
= 0
Power Industrial Public water Other Mining Marcellus
generation systems Shale
Drilling

( At current
drilling level )

Source: USGS, Pennsylvania Water Consumption
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-400

= Loww SIress anisolropy = High stress anisofropy
= Lower selsmic anisoiropy =Higher seismic anizotropy
=Wida fractura fairway = Marrow fracture fairway

Fig. 4—Confrasting frocture-fainvoy geomefries shown by means of|
microseismic mopping. confirming  stresé-dnisofropy measurements
acguired with o JD sonic scanner toal, where oy=high stresz and op=low
stress. (Image covrtesy of Schfumberger )
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Depth

Perfs

Frac Heignt | Bulk Volume
vs§ Qualitative Frac Geometry Analysis
Net Pressure
Cont. X
300 |ncrease Wing  Length
pst psi
Wellbore
/step |0 1800

$$

$$




5 ' ' * Minimum horizontal stress {pst)
‘?%?OO 4000 4500 5000 5500 6000 6500

6

G225 =~ """ TTTT T

Ny s Shale break .
6250

o
~—~~
True vertical depth (feet)

6325
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Corpus Christi *

a 23 Miles

e l #

Y 7
9 96 : 3 L=
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$5.00 NYMEX equates to $7.28 per mcf price

$5.00 NYMEX Henry Hub
$75.00 NYMEX WTI

Based on 9/09 Gas Quality [
Assumes Cryogenic Only

Wellhead Production
1 mcf of Natural Gas

/ ! —\.

Natural Gas &
Ethanes

NGLs Condensate

Production by product

Gross realized by product

Gathering, transportation
and operating expenses

EARTH &« ENERGY =

900 mcf 2.450 gallons/mcf .013 bbls/mcf

$4.96 net $1.62 net @ $0.69 net
I $7.28 per mcf I
$0.75to $1.75 Will decline over time

as volumes increase

COLORADOSCHOOLOFMINES 0
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100 ft 2,000 ft
Vertical well Horizontal well

b

160 ft* of contact 3,207 ft’of contact

20 x vertical

COLORADOSCHOOIL OFMINES

EARTH =« ENERGY &« EMNMYIROMMERNT

2,000 ft
Horizontal well with
10 x150 ft fractures

153,207 ft%of contact

957 x vertical
48 x horizontal
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F 9 5 "’

4

(a) (b] (c) In-situ  Objective
Vertical Horizontal Horizontal
Well Longitudinal Transverse
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a Before Fracture Stimulation; Radial Flow
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b Post-Fracture Stimulation, Early Time

S,

P11

S )
o

C Post-Fracture Stimulation, Lata Time
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Distance South-North (ft)

E

Map ‘View of Microseismic Events
Colored by Stage Mumber

Monitor Well #2

waa

Monitor Well #1

o o
o,
-1,500 -3,000 -2500 -2.000 -1.500 -1.000 -500 0 500 1,000 1,500 2,000
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Vertical vs. HzWell
Comparison of 1st Month Production

L

IP mmscfd
=0 oooHo ooEos Fosoos ooE oosoo g
= SooHo SoEoS Fosoos ooE oosoo g
= SooNo SoEos Fosos oeE oo oo g

+-—-————4d-——— - ———  ————— -
L coodocoomoo oo odbooooon

Vertical HZwell HZwell HZwell HZwell HZwell
Well 3 Fracs 5Fracs 7 Fracs 9 Fracs 11Fracs

K =0.0001 md
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Delta Stim* Lite Sleeve
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Triaxial
Geoaphon
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Depth (ft)

Barnett Mapped Frac Treatments/TVD

0 TETETT W[ o Decpest aquifer
depth
1,000 A H I — FracTop
— Per Top
2,000 Peri Midpoint
— Perf BTM
3,000 Frac BTM
4,000-
5,000 + B
6,000 - (il erson
= Denton
= Erath
7,000- .Hglc-d
8,000 - Jofson
i » Montague
Eag o
9,000- _gglgnveerie ;
10,000 ;rﬁ?ir;gnt
11,000
Frac Stages [sorted on Perf Midpoint]
&.1D.D
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1,000 I

Depth (ft)

6,000
7,000

8,000

9,000

Frac Stages [sorted on Perf Midpoint]
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Average monthly natural gas production = '\’
billion cubicfeet perday Eﬂa
5.0 _ _
Pennsylvania Rotary Rig Count
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35 90 A[/
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:1%% %% %

2.5
2.0
1.0
0.5
Restof Northeast
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Ra;rge Marcellus Shale Fracs

Bigger Jobs and Lower Costs — Better Well Results

Proppant, Water, Lateral
Stages
Ibs. gallons Length, ft

2006 923,000 2,225,000 3 1,794’

2007 2,765,000 2,646,000 7 2,198’

2008 3,418,000 3,127,000 8 2,495’

2009 (Short) 3,241,000 3,227,000 8 2,514’
2009 & 2010 (Long) 5,154,000 3,887,000 10 3,038’

Experimenting With Longer Laterals (2,900’ to 5,000°) and More Stages (9-17)
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’\ Marcellus Zero Time Plot by Well Type
2500
apoo -Hi

| 2009/2010 Long Laterals |
2500 -
| 2009 Short Laterals |
2000 -
k
[ 2008 Avg |
1500
1000 -
500
I:I ! T T T T T T T T T T T
1 a1 101 151 201 251 3 351 401 451 501 551
# of Days As of June 30, 2010 (Gas only)

| 2006 (1 well)  =—2007 (6 wells) 2008015 wells) =—20053hort Laterals(30 wells) 30092010 Long Laterals (45 wells) |
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Based upon ~3,000 foot lateral, 10 stage frac and 6 well pad

Site Preparation(!)
Drilling

Tubulars
Facilities

Completion Operations (2
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$ 270,000

1,300,000 I(

330,000
250,000

1,850,000 !

$ 4,000,000
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Estimated ROR (%) by Core Area

R /

0% 1—|Eagle Ford - Black Hawk

/

200

Eagle Ford - Hawkville

Haynesville

5i01%%

“% T T T
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16. Importance of SRV and network azimuth for lateral orientation and well placement
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Ehe New Pork Eimes February 25, 2011

Weekly price in Jan. 2011 dollars*

£140
....... 9 ( ' g.| TR R
120 R — skl ol i
100 ( ( " Matural Gas (
rfep | -« price for energy equivalent
5 . B of one barrel of oil*

I I I I I I I I I I I I I I I I
B0 91 "92 "93 84 "85 96 9T 'S8 95 00 01 02 03 04 ‘05 06 07 08 0% '10 11

Difference in price between natural gas and oil
for equivalent energy value
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United States Natural Gas Rotary Rig Count
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