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Figure 3. Front Month Crude Oil Futures Prices

—— Brent front month futures price
dollars per barrel :
125 —WTI front month futures price
Dubai front month futures price
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Note: All prices represent rolling 5-day averages.
&~ Source: U.5. Energy Information Administration, based on Chicago Mercantile Exchange (CME), Intercontinental
Cla Exchange (ICE) and Dubai Mercantile Exchange {DME).
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Estimated annual U.S. dry shale natural gas production, 2000-2011
tnllion cubic feet peryear
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from Shale Gas Exploration
and Production : Eagle Ford
Case Study by ConocoPhillips
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EXHIBIT 10: MARCELLUS SHALE OUTCROP
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Marcellus Shale®

FREE,
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N2 LY (R

Source: ALL Consulting, 2008 21
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KEHRY & L ERFE K ERE RS - Horizontal Drilling & Multi-stage Hydraulic Fracturing

Private Well
usow

Municipal Water Well:
<1,000 ft

Shale Fractures

Additional steel
casings and cement
to protect
groundwater

Protective Steel Casing

| H LR b Rl [ T

{Not to scale) Zkzlzﬁlzﬁ - 1 000~3000m

L Approximate distance
~ ——— from surface: 6,000 fest

Steel casing lines the well and 1s cemented in place to prevent any communication up the wellbore as the fracturing job is pumped
or the wellis produced. Shallow formations holding fresh water that may be useful for farming or public consumption are separated
from the fractured shale by thousands of feet of rock.
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Monthly dry shale gas production py EIA
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Estimated U.S. daily dry natural gas production
billion cubic feet per day
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Weekly natural gas rig count and average spot Henry Hub

active rigs $ per MMBtu
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Barnett Shale

- FFTE & B
(6500FFA<TAIL)
-1 TSR
-FREREK

-Gas Generation
Window
- 7K [ E R pEE B

by EIA

N
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[ I I T |
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Southem Limit of Upper Barnett Hydraulic Fracturing Barrier {Marble Falls LS)
Western Limit of Lower Barnett Hydraulic Fracturing Barrier (Viola-Simpson)
= Western Limit of Barnett Gas Generation Window [Ro = 1.1%})
Thermal Maturity of Bamett (Mean Viinnite Reflectance, % Ro}
= Barnett Structure (subsea feet)
Barnett Shale Thickness (feet)
Major Tectonic Features

mm ol Thrust Fault (Triangles on upper plate)

M feverse Fault [Rectangles on upthrown block )
e Right-Lateral Oblique Slip Faul (Filed Circles on downthrown block)
= Limit of Barnett Shale in Ft Worth Basin

: Barnett Paleozoic Total Petroleum System
2] Major Urban Areas Barier (Marbis Fails L&)

larriar (Viola-Bimpson) F Y

Llanao U plift

Barnett Shale

Key Geologic Features
Ft. Worth Basin, Texas
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Barnett Shale Drilling - . ~

From 1981 to 2010

Ft. Worth Basin, Texas —

Barnett Shale Producers
¢ Horizontal (red)
s Vertical (black)

|:| Urban Areas

[__] Barnett Shale Limit

ng

Barnett Shale Events

|| 1981- 1st production; foam fracs

1985- Massive gel fracs

1997- Care analysis: gas-in-
place = 3 x previous estimates

1997-Water fracs lower costs

1999- Refracs restore production
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LN Barnett Shale:
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Ft. Worth Basin

Typical well log through Barnett Shale
and adjacent units (depth in feet).
Strafigraphic Unit WellLog Respense  Completed Zone
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_ & %, Absorbed gas Barnett Shale:
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Barnett Shale

Prépared By:

Vello A. Kuuskraa,
ADVANCED RESOURCES
I RNATIONAL, INC.
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0);% (22) Case Study #1.Bamett Shale: The Start of the Gas Shale Revolution

A7 TYF OHRBHER

Reservoir Properties: Barnett Shale The Barnett Shale was the
Depth 7.500° first deep gas shale (7,000 to
) ! 8,000 feet deep) to be
* Gross Thickness 430 commercially developed.
* Ne Thmkness 590 The gas shale is in two
Porosity 6% intervals, a thick, rich Lower
Pressure 3,500 psi Barnett and a leaner Upper
Total Gas In-Place (Bcf/mi?) +150 Bamnett.
- Adsorbed Gas (Bcfimi?) 60 The gas in-place, in the Core
Area is +150 Bcf/mi2, with about
. “Free” : 2 = ~
Free” (Porosity) Gas (Bcfimi<) 90 40% from adsorbed gas and
FERBAZBENLLE 60% from “free” gas.

BHBESSM, EAHBA3Bm3/mi2=150Bcf/mi2  3900/7500=0.467psi/ft
Prepared By: =1.075ksc/10m

Vello A. Kuuskraa, President ﬁ
ADVANCED RESOURCES INTERNATIONAL, INC.

'5 JAFDZE484 PPT .l""\Flrll E. 201 |:| Ay aroms Rene e
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Case Study #1 Barnett Shale: The Start of the Gas Shale Revolution

Barnett Shale Core Area:
Modern Day Well Performance

The introduction of horizontal wells increased well performance by about
three-fold. Recent well performance has been declining as operators are
“stepping out” into lower quality portions of the maturing Core Area.

Successful Successful
Vertical Wells Horizontal Wells
(# Wells) (Bcfiw) (# Wells) (Bcfiw)
1990-1995 215 2.3 1 5.1
1996-2000 500 1.7% 3 1.2
2001-2003 2,001 1.3 76 3.2
2004-2006 904 1.0 1,008 2.8
2007-2008 131 0.6 1,810 2.4
*Includes improved performance from refracs.
Prepared By:

Vello A. Kuuskraa, President _
ADVANCED RESOURCES INTERNATIONAL, INC. &&

33 arozsiesrer  April B, 2010
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Case Study #1 Barnett Shale: The Start of the Gas Shale Revolution
Optimum Well Spacing (Operator B)
. Initial development on 80 acre well spacing will recover only a modest
(19%) fraction of gas in-place.
. Downspacing to 40- and 20-acre would increase the recovery of gas in-
place to over 50%, although well performance would decline.
Rl RELE
Drilling Spacing Diagram Recovery of Natural gas %EE@{C
GIP 150 Bcfe per 640-acre section o~
_ X b
I n o 20-acre ¢ - 80-Acre \*‘fu'ell
| 660" @ 19%, 3.0 - 4.0 BECFrwell
I i M 40-acte %; / J&wells
I < B0-acre & 13°
20-acre | 49%, < Ewe‘:las 20-30BCF/wall
| 40-acre % hm‘"‘“««.. J
| . 20-acre = .190!1: 1.\“’*—\?
I W 0-acre © ?Gt&i‘rtiﬁ!\ 16wells /
© — > B i 20-Acre Well
2,500' - 3000° Opportunity /20-A ;
Horizontal Lateral L___Fm’"f 1.6 -2.0 BCF/well
_ Prepared By:
Soee: KT0 B Vello A. Kuuskraa, President A
7 R " .. ADVANCED RESOURCES INTERNATIONAL, INC. s« v
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Barnett Shale Type Curve and Normalized Production History
2,500 - 2500
Current Type Curve: ¥ B8 EE:2.5MMcf/d
PRACTLSINCIS -t EFR 1i0-3 MM
2,000 + EUR: 2.65 befe ZeABE N = 2.65Bcf —| 2000
s Well Count
> 1,500 1500 E
v == (Current Type Curve E
-]
- ——Normalized ProductionHistory ( Laterals 22,500 3
i 1,000 - 1000 2
NEETIA2L—F:T0%
500 - - 500
0 IIRNNENE ]““-”-UHLULU-ULLLIJ. 0
1 3 5 7 9 11 13 156 17 19 21 23 25 271 29 31 33 35 by EIA

(1) Paak 24-hourrate Month




Sr—)LHR Barnett Shale:

ERORIE (26) AR EE TR EIR AT REE

by EIA 2011

Table 37 Average General Properties for the Barnett Shale Play

Depth (ft) 7,500
Thickness (ft) 300
Porosity (%) 5
Active Undeveloped
Area (sq. miles) 4.075 2.383
EUR (Bet/ well) 1.6 1.2
Well Spacing (wells/ sq. mile) 5.5 8
TRR (Tct) 23.81 19.56
Percent of area with potential 66% 86%
FinifeE [ AT REE CIEVES
327 Tcf 43. 4Tcf 13. 3%

Chesapeakett MEE{H 75Tcf

TOTAL
43.37Tcf
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Figure 2. U.S. natural gas production, 1990-2035

(trillion cubic feet)
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1. WERFAS., HREI- KIEWR{ERE. £EERE. iBEKER. BITEEXR L.
TRTOFEZHRGFIL. SFAZEE5R. RITSEILELEREZE T 5.

2. EEBORMBAAAFKIERSNST RXTOEE. B SFaIFIEA.
V=LA RABARIZHERICLKIIEASI S,

3. Dx—ILH RARFBICHENGE. KFEEY EKEERBEM(TT9F v
NE. RVERETRLERELZF I SN ITTHS,

4, Ox—)LHRAAFKICK DM TKFRDZFZN, EELRREBEMBBEELTE
ELTETVS.BL. §FETI00RBIELED IS OF ¥ )T THEHNT
LB, b TFKICHAA—DFEZ Y, BENECT-FHITBEICENE
I0OGCC(The Interstate Oil and Gas Compact Commission)2009 & &
(R AV

5. —AT—EIARAATATIE., SLEIKIZKAHT AHEALI-EH. #EHI-4£
ERICHEHIN A PR E - MLIV R EDEHRMEERIEEYIZ L
HEFEHEEN. RADRBKEED)—HFBHEELXZHELTL VS,
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HELETOFRE. @T—EILIODUDEDHAR, QA2 RoEY
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[EA World Energy Outlook 2012 : Special Report on Unconventional Gas
[Golden Rules for a Golden Age of Gas]®@

Golden Rules could increase the overall financial cost
of development a typical shale-gas well by an estimated 7%.

Figure 1.7 = Impact of the Golden Rules on the cost of a single deep
shale-gas well

S 92- Services
5
S 8+ B Rig cost
E 7 - Site preparation and logistics
S 6 - B Fluids and disposal
E B Hydraulic fracturing
S 27 B Materials

4 -

3 -

2 -

1 =

0 T

Current cost Cost with Golden Rules
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- KEOREBRBE@20114F Natural Gas Deliveries to Consumers
B4 e - Zm# | inthe United States, 2008-2012
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Electricity Net Generation by EIA
“(Billion Kilowatthours)
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IEA World Energy Outlook 2011 Special Report
“ARE WE ENTERING A GOLDEN AGE OF GAS?”

FERE, BLUEEREDOXAT RO MBI eI E
2011 EFEXRBEIRILA A—FIL, Tm3)

Total Unconventional
Conventional Unconventional Tight Gas  Shale Gas rrf:ti:::ﬁg

E. Europe/Eurasia 131 43 10 12 20
Middle East 125 12 8 4

Asia/Pacific 35 93 20 =¥ 16
OECD Americas 45 77 12 56 9
Africa 37 37 7 30 0
Latin America 23 48 15 33

OECD Europe 24 21 3 16 2
World 421 331 76 208 47

AENICBRTRESE LRND1/26$ 3L TRER={(421+331)52} /3.3=1144F
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