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Presentation Outline

e Defining Terms: CMM Resources and Reserves

 Understanding the Occurrence of Gaseous
Hydrocarbons in Coal

e Example CBM/CMM Resource Study: Texas
Gulf Coast

 Hypothetical Resource Estimate for Mongolia
Coal Deposit
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Defining Terms: CMM Resources and Reserves
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The Petroleum Resources

Management System
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Converting Resources to Reserves
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Keys to Understanding Occurrence of Gaseous Hydrocarbons in Coal
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Coal Rank and Hydrocarbon Generation
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Van Krevelen-type diagram for various coal types of
south Texas and vicinity
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Model of Methane Occurrence and

Enrichment in Coal

Zone of Alteration

iogenic

e Gas composition controlled by (1) mixing of b

e Dry gas with isotopically light methane

methane and/or (2) oxidation of heavy gases
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Comparison of CBM Producing Basins in USA to Coal
Basins in Mongolia
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Gas Content 3-14
m3/tonne
Max. Coal Thk. 8-14m
Cum. Coal Thk. 13-20m
Sorption Time >52 days

Depth of Completion ~800m

A

Methane to Markets

2 22 ¢ tE ZE

o o = ) 5= a@°¢

> " 2 23 2S¢

= 5 - ~
Q
=3

hvBb- subB hvBb- hvBb hvBb-c
mvb mvB

6-14 <3 ? ? ?

<3.5m 30-50m 1-73m 1-54m 1-38m

13-22m 75-105m  ? ? ?
>8 days >7 days ? ? ?
~650m ~150m ? ? ?

RAVEN RIDGE RESOURCES
%i . INCORPORATED
7



Desorption Testing
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Example Desorption Report

Meth'ane to Markets
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Example Adsorption Report
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Adsorption Laboratory
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Data Required for CMM/CBM
Resource Study:

Data-type and associated uncertainty

e Coal thickness data- continuous, variable with gaps caused
by sparse data -- often modeled which may obscure
uncertainty

 Coal Quality data- variability related to geologic setting and
sampling density

 Depth and area of occurrence- function of geologic setting
and sampling density

e Variation in data density- required for evaluation of
resource class -- subjective to some extent

e Sorption data- desorbed gas content can be highly variable
determined by coal type and geologic setting, may be
necessary to model gas potential based on adsorption
isotherm
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CMM Resource Assessment Approaches

e Usually a volumetric calculation:

— multiply mass of coal (tonnes) by gas content (cubic
meters of methane per ton of coal) = volume of gas in
place (equivalent to PIIP)

e Two accepted approaches to calculate estimate:

— Use low, high, and mid range single values for all
parameters; result is a resource estimate ranging from
low to high forecasts

— Stochastic estimate using probability functions
developed for each parameter yielding a probabilistic
forecast of resources

A . PAVEN RIDGE RESQURCES
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Example CBM/CMM Resource Study: Texas Gulf Coast
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Model for Methane Generation in Upper
Texas Gulf Coast Wilcox Coals

Burleson Co. "‘},

Travis Co.

(e
Washington Co.

astrop Co. BARRACUI #1

SCHMIDT #1 Austin Co.

Fayette Co.

e

KRS
olorado Co. S
85S

SR8 3
eSS X
55 )
0% 3
3088 o
s oo
/ RRRS !

e
5
5
$
55
R

SRR
555
B SSsRss:
s

.0:0" 0:0‘ X
9

XXX

o3
IR
LSS
SRS
RS
RS
e SIS
'# IS
S SIIIIEERLS
: N IR
ey
SERBES RIS
RS S
Geopressured Geothermal s s
! - 8 oo
Zone in Lower Wilcox Soes SRR

EXPLANATION

Boundary of UPRC Leasehold <l Values greater than 60 ohms Calvert Bluff

Study Area Values 20-60 ohms Simsboro

County Line ‘ Values 10-20 ohms Hooper
190° = Equilibrium Temperature °F

4 May 2001 www.ravenridge.com 19



20

Model for Methane Generation in Upper

—TexasGulf Coast

Ground Water Recharge

Shell
UPRC Weber #1 Kyle Est.
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Comparison of CBM Producing Basins

San Raton Powder Upper Texas
Juan River GulfCoast
Coal Rank hvBb- hvBb- subB subB-hvAb
mvb mvb
Gas Content 3-16 6-16 <4 3-15
scm/ton
Max. Coal Thk. 7-12m. <3 m. 30-46m. 6-12 m.
Cum. Coal 12-18 m. 12-21m. 75-106 m. 3-33 m.*
Thk.
Sorption Time >52 davs >8 davs >7 days <10 days*
Depth of ~/87T m. ~650m. ~150m. ~750- 1800
Completion m.
A Ny e
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Type Log Showing Primary Objective

Upper Coal Package 3

Lower Coal Package

ethane to Markets
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Gas Content Variation Within
A Single Coal Seam

134.2 SCF/T

X
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Resource Model:Barracuda Seam

Forecast: Gas-in-Place Barracuda Coal Seam
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CBM Resource Model for Barracuda Coal
Seam and Cumulative Coal Thickness

 Developed Probability Frequency Distributions Based
on Available Data for:

— Gas Content of Coals (conservative)
— Specific Gravity of Coal
— Coal Thickness

 Assumed 64 hectare well spacing

e Forecasted Frequency of Occurrence of EUR’s of
Proposed Wells by Size Class

A . PAVEN RIDGE RESQURCES
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Summary of Barracuda CBM Resource
Base

e 28,283 Acres Mapped (11,466 hectares)

e Avg. Coal Thickness 15.3 Ft (4.6m)

e Avg. Gas Content 214.6 scf/ton (6.7 m3/ton)

e Maximum Gas Content of 470 scf/ton (14.7 m3/ton)

e 80% Probability of 0.5 to 2 BCF Gas in Place Per 160
Ac. Unit (14.16Mm?3 to 56.63Mm?3 per 64 hectares)

e Avg. Gas In Place 1,143,548 MCF Per 160 Ac. Unit
(32.38 Mm?3 per 64 hectares)

A 3 RAVEN RIDGE RESOURCES
INCORPORATED

Methane to Markets



N U

Methane to Markets

Hypothetical Resource Estimate for Mongolia Coal Deposit
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Cross-section through part of Ovoot
Tolgoi hvB-hvA Coal Deposit
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Thickness of Seams Ocurring in Ovoot
Tolgoi Deposit

Property Series No Minimum Maximum Mean
Seams | Thickness® fm) | Thickness® {m) | Thickness*® [m)

Upper Seams 11 (LG 74 10

: 2 Main 1 0.8 157 53
sunrise Fueld

3 Lower 1 0.6 100 18

4 Mamn 1 1.0 30 g

Sunset Fisld Upper Seams 80 0.8 A T

3 Main & Lower 2 0.6 142 39

A RAVEN RIDGE RESQURCES
Methane to Markets v



In- Place Coal Resources Delineated by 430
Boreholes Drilled from 2006 through 2009

in-Flace Resources (Million
A Type m{ll-ﬂMIE ASTM Tonnes)
Depth Group Measured Indicated Inferred
Spree Suface | Sufacein250m | mBiohwA | 538 157 40
Sunset Field | Surface Surface fo 250m | hwB o hvd B2 1 19.4 8.1
aub-Total 1493 Sl 130
E‘"'EEH” Underground | 250mio 600m | hw to hwd 112 5.2 11.2
Sunset Field | Underground | 250mio 600m | mhB to b 346 78 0.3
Sub-Total 458 130 20.5
Total 1817 521 135
= ¥ — p——

A
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Resources estimated using cross-section method
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Hypothetical Isotherm
for hvB-hvA Coal Rank

Pressure (Mpa)
3.0 4.0

Possible Range in
Underground
Mining Depth

100 200 300 400 500 600
Depth (m)

For illustration purposes only!
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Hypothetical Gas Content Probability
Distributions for Ovoot Tolgoi Coal Resources

Name: |Potential Underground Mine Resources +250 - 600 meters E¥ A
Lognormal Distribution
2
=
m ]
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o
430 510 540 570 600 630 680 68 720 750 780 810 B840 B —
Name: |Potential Surface Mine Resources from 100-250 meters Depth B3 &)
b 520 E7 4 7 Lognormal Distribution
Location | 0.00 -5 Mean|6.43 * 5 Std. Dev. |0.64
=
=
m
s
2
D_ H
. . } T T T T T T T T T I I I I I
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Hypothetical CMM Resources
of Ovoot Tolgoi Coal Deposit
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The Petroleum Resources

Management System (review)

TOTAL PETROLEUM INITIALLY-IN-PLACE ([PIIP)
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Thanks!

Contact Information:

pilcher@ravenridge.com
+1 (970) 245-4088

WWW.ravenridege.com
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