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» Consider what overall goals are for any resource assessment
** Review the Scope and Goals of THIS resource assessment

» Review resource classifications and concept of analogue

» Review resource estimate techniques

» Hydrogeology

s Concepts for CBM

s Water production
s Mongolian examples

+ Review of Methods and Results of THIS resource assessment

** Next steps: Recommendations




Workshop Timetable

€ipher

Coalbed Methane Resources of Mongolia Workshop

total time
from To (hr:min) Topic Presenter
9:.00 9:15 0:15 Opening Remarks
9:15 10:45 1:30 BACKGROUND Tim A Moore
9:15 9:30 0:15 Goals of Any Resource Assessment
9:30 9:45 0:15 Scope and Goals of This Resource Assessment
9:45 10:15 0:30 Resource Classification (OGIP vs Prospective Resources) and Concept of
an Analogue
10:15 10:45 0:30 Resource Estimation Techniques Review
10:45 11:00 0:15 Coffee Break
11:00 13:00 2:00 HYDROGEOLOGY Ryan D Morris
11:00 11:30 0:30 - Hydrogeology concepts for CBM
11:30 12:00 0:30 - Case Study: Australia
12:00 12:30 0:30 - What Happens With Water During Production
12:30 13:00 0:30 - Mongolian Examples
13:00 14:00 1:00 LUNCH
14:00 17:00 3:00 REVIEW OF METHODS AND RESULTS OF RESOURCE REPORT TAM
14:00 14:40 0:40 - Delineation of Areas for Assessment and Selection Criteria
14:40 15:10 0:30 - Data Types and Limitations
15:10 15:30 0:20 - Evaluation & Input Parameters
15:30 15:45 0:15 Coffee Break
15:45 16:30 0:45 - Results of Assessment
16:30 16:50 0:20 NEXT STEPS, RECOMMENDATIONS & DISCUSSION TAM, All
16:50 17:00 0:10 Closing Remarks

NOTE: Times are in UB, Mongolian Times



Goals of a Resource Assessment

Q: What are the goals for a resource assessment?

A: Depends on what or who you are.

Exploration Companies:

» Identify the resource

» Develop the potential to a low level (original gas in-place [OGIP], possibly Prospective Resources)
» Little to no drilling

» Sell permit based on potential (i.e. undiscovered resources)

Production Companies (small):

» Certification of resources AND reserves

» Initial Public Offer (IPO) to raise capital for further development
» Production leading to farm-outs/merger/sale

Production Companies (private/large):
» Assessment of resource for internal economic assessments
» Move to working pilots (proof of concept) and production




Goals of a Resource Assessment (conta)

Q: What are the goals for a resource assessment?

A: Depends on what or who you are.

Production Companies (public/large):

» Define reserves at least to a 2P level

» Reserve and resource size directly affects
share price/Capitalization potential

increase

Billion Cubic Meters

Government Agencies:

» Identify limits of potential basins
» De-risk the geology

» Define/characterize the reservoir
» Make initial resource assessments
» Make data open access and available
» Attract investors

Resource
& Reserve Maturation

increase

Relative Value of Permit
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Goals of THIS Resource Assessment |

SCOPE: ‘

Orkhon-Selenge

Assessment of CBM Resources for all of Mongolia
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» Encourage exploration and investment in coalbed methane development in Mongolia
» The assessment is open to interrogation and revision

» Data and methodology are transparent, repeatable and public
Practical Goals

» Adopt a workflow system for assessment

» Collect enough data for analogues to be used

» Build local capability so that assessment can be ongoing and so evaluation of private
sector resource determinations can be thoroughly evaluated and understood



Resource Classification & Analogues €ipher

Canadian Oil & Gas Different Resource & Reserve Classification Systems

Evaluation Handbook Petroleum Resources

[COGEH] l | Management System
- nZz [PRMIS]

‘mg People’s Republic Standards
R AREMEET =TAiRE

DZ/T 0216—2020
&8 DZ/T 02162010

RESHBHEEMRE

Regulation of coalbed methane reserves estimation

Chinese Standard
DZ/T 0216-2020

2020-04-30 £ 2020-04-30 X

* Very comprehensive * Concise * Comprehensive
* Expensive for a complete copy * Some ambiguity * Free to access
 Easyto access * Updated regularly

(these three systems are compared and contrasted in Moore & Friederich, 2021)



Resource Classification & Analogues
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Why are classifications needed & which one to use?

COGEH 8 . L :
i) * To give common criteria and terminology

 Make assessments and comparable between
projects/permits and companies

i AR E M RE AT A AR

Chinese * Provide transparency of assessments to potential
Standard | —=2TL investors

* Required by governmental regulators

* Required of public companies by some stock exchanges
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Resource Classification & Analogues

€ipher

PRODUCTION PETROLEUM RESOURCE MANAGEMENT SYSTEM
. . Reserves :
o Low Best Estimate High .
: 1P 2p 3p Undiscovered Gas (CBM)
sl p1 i P2 i P3
Proved Probable Possible Original Gas In-place (OGIP)

require gas measurement)

DISCOVERED ORIGINAL GAS IN-PLACE (OGIP)

g Continge-nt Resources Potefvtial gas in potential reservoirs, re.quires only
g : ; confirmation of the presence and possible ranges
= C1 : C2 : c3 : of coal thickness, distribution and ‘rank’ (does not
S 1C 2C 3C

28] ' ' '

D 1 L] 1

Unrecoverable

ISCOVERED OGIP

Increasing Chance of Commerciality ——

TOTAL ORIGINAL GAS IN-PLACE (OGIP)

Prospective Resources

Same criteria as OGIP. but removes unrecoverable
gas, such as in areas of inaccessibility and makes
estimates of ranges of deliverability (i.e.
producibility) of the gas (does not require gas
measurement)
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Resource Classification & Analogues
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TOTAL ORIGINAL GAS IN-PLACE (OGIP)

PRODUCTION
§ } : Reserves :
mis Low Best Estimate ~ High i
<C (TH] : . .
HE 1P 2P 3P 2
S8 Pt i P2 P3 -2
O Proved : Probable : Possible &
| pr : : =
éz’) § Contingent Resources | S
= : : - =
22 a I c c3 : 2
=[S 1C 2C 3C —a—
Al 2 : : : S
° Unrecoverable o))
[ -
o . ' ‘»
2 Prospective Resources : g
Q : : : S
i 1U 2U 3U <
S : : :
§ P90 P50 P10 ‘
D 1 1 ]

Unrecoverable

-<«—— Degree of Uncertainty —»

PETROLEUM RESOURCE MANAGEMENT SYSTEM

Requires proven (i.e.
demonstrated)
economic/commercial
flow rates

Requires demonstration
that there s
moveable/potentially
recoverable gas from
sufficient permeability &

saturation
Requires a low level of

demonstration of presence
of coal beds and
approximate rank

Pilot and
Development Wells

Exploration
Drilling

Desktop Studies
Field Sampling/
Mapping



Resource Classification & Analogues
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Analogues are used in CBM resource estimation when there is littleto no
initial data on the reservoirs —i.e. during initial exploration and resource

assessments.

“Analogs are widely used in resources estimation, particularly in the exploration and early
development stages when direct measurement information is limited. The methodology is based
on the assumption that the analogous reservoir is comparable to the subject reservoir in regard
to reservoir description, fluid properties, and most likely recovery mechanism(s) applied to the
project that control the ultimate recovery of petroleum. By selecting appropriate analogs, where
performance data of comparable development plans are available, a similar production profile
may be forecast. Analogs are frequently applied for aiding in the assessment of economic
producibility, production decline characteristics, drainage area, and recovery factor (for primary,
secondary, and tertiary methods).” — PRMS (2018)

“Comparison to several analogs, rather than a single analog, often improves the understanding
of the range of uncertainty in the estimated recoverable quantities from the subject reservoir.” —
PRMS (2018)




Resource Classification & Analogues

Analogues are used in CBM resource estimation when there is littleto no
initial data on the reservoirs —i.e. during initial exploration and resource
assessments.

Levels of Analogues are:

1. Same basin, same formation, same rank, close proximity (e.g. adjacent
permits)

12




Resource Classification & Analogues

Analogues are used in CBM resource estimation when there is little to no
initial data on the reservoirs —i.e. during initial exploration and resource
assessments.

Levels of Analogues are:

1. Same basin, same formation, same rank, close proximity (e.g. adjacent
permits)

2. Same region, similar depositional setting, same rank, similar tectonic

setting and reservoir character (ash yield, petrography) —

13




Resource Classification & Analogues s € jpher

Analogues are used in CBM resource estimation when there is little to no

initial data on the reservoirs —i.e. during initial exploration and resource
assessments.

Levels of Analogues are:

1. Same basin, same formation, same rank, close proximity (e.g. adjacent
permits)

Adsorption Isotherms AA, Group 2
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2. Same region, similar depositional setting, same rank, similar tectonic
setting and reservoir character (ash yield, petrography)

3. Same rank, similar tectonic setting and reservoir character —

N
S

Gas Content (cc/g)
5 &

o

o
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1 2 3 4 5 6 7 8 9 10 1
Pressure (MPa)



Resource Estimation Technique €ipher

» Each drainage units given
discreet parameters

1 Deterministic

<10° 3 Parametersinterpolated -
between data points

Choir-Nyalga OGIP (BCF)
12,257

Map view

6.47 6.48 6.49 6.5 6.51 6.52 653 6.54 6.55
E (m) %10°

MProbabiIistic —

» Range of values for
each parameter

0f 10,000 12,000 14,000 16,000 18,000

15



Resource Estimation Technique
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VARIABLE

Surface Area

DISTRIBUTION

> Linear/uniform

Coal Thickness

Density

> Triangle/lognormal

Triangle/lognormal

Gas Content

Recovery Factor

> Triangle/lognormal

> Triangle/lognormal




Resource Estimation Technique

€ipher

Input of ranges for parameters
base high

A
South Gobi -ASI|

low
C D
50-1000

Area 2a 50-1000 1193 2148 2386 25
Area 2b 50-1000 680 1457 1943 12.5

17

102
50
50

142.8
70
55
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Resource Estimation Technique
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VARIABLE

Surface Area

Coal Thickness

Gas Content

Recovery Factor

Runl Run?2
Low
Base\ Low Base
High
Low .
High
Low

Base /> High Base
High

Low
Base Base High
High

Volume Volume

Result #1 Result #2

Run 100,000

High

South Gobi Area 1 OGIP (BCF)
13,378

, ,
o 100%

Base Frequency

Histogram
of Results

Base

Low

l

Volume
Result #100,000
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GIP Calculation South Gobi [Compatibility Mode] - Excel

Q Tell me what you want to do
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’ S o | i - & = '

‘j _#j fx .";. A é% ‘% It-eratlor-ls 100000 L Iﬂ Iﬂ T-d Surr-wmar)-/ |T-

Define Add Insert Define Distribution Model Data Simulations |1 : Start Excel Browse V" Define Filters Advanced Library | Swap (
Distributions Qutput Function v Correlations ¥ Fitting v Window Viewer Settings £ 'a?i'- Simulation | Reports Results B [xi] =] %] Analyses > @RIS

Model g o - - — — — iR/ TRD Results
F3 ~ fx !_:RiskUniformAIt(O.S%,C3,99.5%,E3,Ri5kStatic(D3)) I
A __b_ E G H |

1 South Gobi -ASI .r;urface Area (m?) -: . Thickness (m)
2 Formation = = =Bise™ —|— High ! Base High
3 |Area 1 290,070,000 322,300,000 ! 51.00 102.00 142.80
4 Area2a 2,147,580,000 2,386,200,000I 25.00 50.00 70.00
5 |Area2b 1,457,175,000 1,942,900,000I 12.50 50.00 55.00
6 0 0 o 1 0.00 0.00 0.00
710 0 0 | 0.00 0.00 0.00
8 0 0 0 I 0.00 0.00 0.00
9 0 0 0 | 0.00 0.00 0.00
10 0 0 0 | 0.00 0.00 0.00
1 0 0 0 | 0.00 0.00 0.00
12 0 0 0 1 0.00 0.00 0.00
13 0 0 o, 0.00 0.00 0.00
14 0 0 0 ; 0.00 0.00 0.00



Resource Estimation Technique €ipher

@risk Excel Plug-in

H - = GIP Calculation South Gobi [Compatibility Mode] - Excel

File Home Insert Page Layout Formulas Data Review View Help Q Tell me what you want to do
Hid -~ ool 38 s lterations 100000 ~ & mral | i (& Summary S Eﬂ s
A Y i & A 8BE FNERRCE = R it
Define Add Insert Define Distribution Model Data simulations |1 - Start Excel Browse V' Define fitters Advanced Library | Swap C
Distributions Qutput Function ~ Correlations v Fitting ¥ Window Viewer | Settings E @ i Simulation | Reports Results B [x] =] %] Analyses ~  ~ @RIS
Model | o o o m o o o e e TWETQDL | Results Tools
13 57 e l =RiskTriang(G3, H3, 13, RiskStatic(H3)) I
T
A D E ‘ F ‘ G__ - H_ _
1 South Gobi -ASI Surface Area (m?) Thickness (m)
2 Formation Base High “Base | F
3 |Area 1 290,070,000 322,300,000 102.00
4 Area2a 2,147,580,000 2,386,200,000 50.00
5 |Area2b 1,457,175,000 1,942,900,000 50.00
6 0 0 0 0.00
70 0 0 0.00
8 0 0 0 0.00

20
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@risk Excel Plug-in

Home Insert

Page Layout
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[ I»] g. f" .'J. ﬁ L3 (lifi | iterations  [100000 - & 25 ..K‘_; ¥ summary » rﬁ ﬁy A Utilities ~

, - Pt ] == . A. . . . ‘ C |

Parallels Simulations |1 { Define Filters . & color Cells ~

Share.. Define Add Insert Define Distribution Model Data 4 2T Start Excel Browse _ Advanced Library | Swap Out . Help

Distributions Output Function ~ Correlations ~  Fitting »  Window Viewer | Settings 'S W'JE] A ' simulation | Reports Resuits | £ (X =] (%] Analyses ~  ~ @RISK 5 Thumbnails - v
Al M [ ults Tools Utilities ~
- . . L ATy |

@ South Gobi Area 1 Prospective Resources fs")&"")),0, #VALUE!)+AL3

2,311 8,654 AL AM AN AO AP AQ AR

Formulas

Data

Review View Help

GIP Calculation South Gobi [Compatibility Mode] - Exce

@RISK

Q Tell me what you want to do

5677.019)]
18705.62
12692.13

31397.76

work :
; South ] - 80.0% 10.0% - fol;lth GD:tl- Area
1 rospective
3 Areal 8% - P
il 4 Arcaza | Resources
Y 5 Area2b | 6% - Minimum 926.63
umen S I] 0 .
- ] Maximum 12,602.62
80 4%, Mean 5,482.88
0 ] Median 5,243.21
0 29 Std Dev 2,387.05
: | I, 10% 2,311.01
0 09 it . 90% 8,654.49
0 0 4#00+,00¢,00¢,000,02,004,0€alues 185
0 =
0 0 Gu [al-][s |- F|- 4 # u £ |7 &cQ Close
0 0.00 0.00 0.00 0 0 0
0.00 0.00 0.00 0 0 0
o 0.00 0.00 0.00 0 0 0
I | 0.00 0.00 0.00 0 0 0
Iteration: 315 of 100000 I < 000 B n_nn 0 0 0
Simulation: L = = = 0.00 0.00 0.00 0 0 0
Runtime: 00:00:02 of 01:20:29 0.00 0.00 0.00 0 0 0
Iters Per Sec: 20.65 0.00 0.00 0.00 0 0 0
0.00 0.00 0.00 0 0 0
— 0.00 0.00 0.00 0 0 0
0 || = non non nan n n n
wrr=mpur | wrisk-DO NOT INPUT | Workings ®

- Ready

C'_J_? Accessibility: Unavailable

315 out of 100,000

H — A+ 125%
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etine nsei erine Istribution ode! ata 8 XCe| rowse _
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AM3 - ] South Gobi Area 1 Prospective Resources (BCF) Statistics Grid -
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. o ETT— 0% | ,
1 South Gobi -AS| 16 Cell @risk-DO NOT INP.
2 Formation 1 Minimum 20269
3 Areai 1.4 Maximum 22,062.14
4 Area2a ) Mean 5,266.19
5 Area2b T 129 90% CI +1354
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@risk Excel Plug-in

P90 3,641 103 BCM

e OGIP (BCF) P50 7,506 213 BCM
20 P10 13,378  |378 BCM
Qo
> = : Low 45
8 g Estimated Recoviry Base 65 |Based on commonly used recovery factors in CBM
* Factors (%) .
= @ High 85
c Unrisked P90 2,308 65 BCM
= Prospective P50 4,841 137 BCM

Resources (BCF) P10 8,823 250 BCM

South Gobi Area 1 OGIP (BCF) South Gobi Area 1 Prospective Resources (BCF)

3,641 13,378 2,308 8,823
705 | 100% 10.0% ave | 10-0% Y7 10.0%

7%

6%

Prospective
South Gobi_ Area
Resources s I

Minimum 402.69

South Gobi Area

1 OGIP (BCF) 5%
Minimum 597.70
Maximum 28,077.22

4%
Maximum 22,062.14

Median  7,506.31 4% Mean 5,266.19
o Std Dev 3,846.00 Median 4,840.83
3% 10% 3,640.82 Std Dev 2,603.94
90% 13,378.17 0, 10% 307.99
3% o 2,307
Values 100000 90% 8,822.70
S5 Values 100000
2%
0
1% 1%
0% 0%
0 5,000 10,000 15,000 20,000 25,000 30,000 0 5,000 10,000 15,000 20,000 25,000
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TOTAL ORIGINAL GAS IN-PLACE (OGIP)

r—=—===-1

| DISCOVERED ORIGINAL GAS IN-PLACE (OGIP)

PRODUCTION

COMMERCIAL

Reserves ;
Best Estimate Hi_gh
2P 3P
P3
Possible

Low
1

P1
Proved

P2
Probable

SUB-COMMERCIAL

Contingent Resources

c2 c3
2C 3

Cci
1

-- - m----- - .- -U-
--.m B

UNDISCOVERED OGIP

="

Unrecoverable

Prospectlve Resources ( T

1U 2U 3U

I
; E E I
P90 P50 P10 I

o — _— [ _— — _— - — _— — _— — _— —

Unrecoverable

25

-<«—— Degree of Uncertainty ——»

—1— Increpsing Chance of Commerciality ——

South Gobi Area 1 OGIP (BCF)
3,641 13,378

10.0% 80.0% 10.0%

7% |

5%

4%

3%

1%

0% *

[) 5,000 10,000 15,000 20,000

South Gobi Area 1 Prospective Resources (BCF)
2,308 8,823

g0 10.0% 10.0%
7%
6%
5%
4%
3%
2%

1%

0%

25,000

0 5,000 10,000 15,000

20,000

South Gobi Area
1 OGIP (BCF)

Minimum 597.70
Maximum 28,077.22
Median 7,506.31
Std Dev 3,846.00

10% 3,640.82

90% 13,378.17

Values 100000
30,000

South Gobi Area
B 1 Prospective
Resources (BCF)

Minimum 402.69
Maximum 22,062.14
Mean 5,266.19
Median 4,840.83
Std Dev 2,603.94

10% 2,307.99

90% 8,822.70

Values 100000
25,000
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Australia Mongolia Extractives Program Phase 2 (AMEP 2) .
IS supported by the Australian Government through the Adam Smlth
Department of Foreign Affairs and Trade (Australian Aid) |ﬂterl’]at|0ﬂa|

and implemented by Adam Smith International.

Tim Moore is currently the Managing Director of Cipher ’ h
Consulting Pty Ltd specializing in advising on coal and coalbed {Ip er
methane exploration. He is also Adjunct Associated Professor at
the School of Earth and Atmospheric Sciences, Queensland
University of Technology, Brisbane, Australia and a Distinguished
Visiting Professor at the School of Resources and Geosciences, QUEE':'HSIEI[‘Id
China University of Mining and Technology, Xuzhou, China. Tim University
is also on the Editorial Boards for the International Journal of Coal of TEGhnﬂng}"
Geology and the Indonesian Journal on Geoscience. He has over
260 published papers, reports and abstracts. Over the last 40 years,
Tim has worked in production companies, academia and government
positions in many parts of the world. (tmoore@ciphercoal.com)

www.ciphercoal.com

ell] ]

If you want to know more go to the Cipher website & Blog:
https://www.ciphercoal.com
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Got Questions?

Please visit our website for more information about
activities or contact Oyunbileg Purev, Partnership

Manager at @ oyunbileg@amep.mn.

& www.AMEP.mn OAusMonXtractive O AMEP2



