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Estimated CBM Resources in Russian Coal Basins

Ziryansky

Taimirsky

Pechorsky

East Donetsk Basin Tungusky

e

South Yakut

Objectives of CBM ResourceDevelopment:

* to develop technologies to recover hydrocarbon
resources from non-traditional and low permeability
fields

* to decrease cost of recovering hydrocarbon resources

v

Basins, Fields Resources, bin. cu. m.

Total 49051
Kuznetsk 13085
Pechorsky 1942
East Donetsk Basin 97

South- Yakut 920

Ziryansky 99

Tungusky 2000
Lensky 6000
Taimirsky 5500
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CBM Resources, Gas Market and Infrastructure in
Kemerovo oblast

1200 m ---

1800 m ---

13 trin.m3 CBM resources up
to the depth of 1800 m

> 700 km gas main pipelines
and branches, 1 compressor
station, 12 gas distribution
stations and distribution
networks

6-9 bIn. m3 per year gas
demand in Kemerovo oblast
and >15 bIn. m?3 - outside

0,21 trin. m3 within
mine fields
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GAZPROM CBM PROJECT

« 1998 : Agreements with Kemerovo Oblast

« 2001-2002 : Feasibility Study and Design

« 2003-2006 : Pilot Test Program
(construction of testing polygon and

technology run)

e 2007 - ... : Commercial Production
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GAZPROM CBM Project Developer

PROMGAZ - Gazprom Scientific-Research Centre

m 50-years experience of works in coal basins

m Technology of underground coal gasification:
commercial use

®m High-qualification staff

m Plant of gas equipment
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GAZPROM Feasibility Study: Background

m US Experience of CBM Production

m Collection, Analysis and Summarizing of Geological Data in
Kuzbass

m World-wide Experience: Implementation of American CBM-
recovery Technologies outside US

bJPROMGAZ



GAZPROM Feasibility Study: US Experience of
CBM Production

e Analysis of geological conditions and production data of
CBM wells in US (> 9800 wells)

e Study of advanced CBM-recovery technologies
e Organization of CBM industry

 Economics of CBM production (structure of capital
investments and operation costs, price and tax rates, etc.)

e US Government Support

bJPROMGAZ



Production level, bln. m3/year
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GAZPROM Feasibility Study: Werld-wide Experience
e Adjustment of US CBM-recovery to specific geological
conditions around the world
 CBM production under specific conditions

e Results of pilot test projects and commercial production

 Government support

Commercial production: Australia, Canada

Pilot Test Projects: China, Mexico

France, Germany, Great Britain,
Chile, India, New Zealand, other
countries
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GAZPROM ES: International experience of CBM production
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GAZPROM Feasibility Study: Collection,
Analysis and Summarizing of Geological Data

(on the basis of more than 60 000 core wells)

* Analysis of lithology, tectonics, and coal rank

* Analysis of methane content and sorption properties of
coals, permeability of coal seams

e Study of core well tests carried out by ARI, US

e Estimation of commercial CBM production on pre-
feasibility study
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GAZPROM FS:

Study of Kuzbass

Geological

YcnoBHble 0603HaveHus

——————— TpaHyubI reonoro-aKOHOMUYECKWX paiioHoB

PaitoHb!

(") Kemeposcwnii (1) Yokatcknit
) D)

{ ) Bap3acckuit ) EpyHakoCKkuit

() Sasbsnoscknit  {17) Tepcuckwin
A P .
(5) [lopoHuHCKMil \’\ /] Barinaesckuii
( \ Turosckwit t ) OcHoeckuit
N\ - ) "
on () Byrypo-4
M\ " N "
(%) CantbimaroBckuit (1) Apanuyesckuii
Y \J

(0) Koanumowtii — (22) Kowpomckni
(10) Uesrpaneioii ~ ( *) Mpaccknit
Q TleHuckwit Tomb YouHckuit
(") Benoscit <: :) TyTysicckuit

( ) Bauarckuit

. Yy4. Cokonosckuit

. Yu. KapakaHckuit KOxXHblit

. Ceepo-TanauHckoe MecTopoxaeHme
. Yy-ku Kbiprarickue

. TanpuHckas nnowags

. Yu. XepHosckuit

. Y4. HoBoka3aHckuit
Hapelkckas nnowags
Kbiprait-OcTalukuHckas CUHKMHANb
10. KywmHckoe mectopox/aenme
11. Yu-ku EpyHakoBckue

12. 1. wx. YnesHoBCKoi

13. M. wx. Kasaxkosckoit

14. 1. wx. Yekarckoit

15. 1. wx. Vnbuxckoi

16. Yu-ku Kylweskosckue

17. Yu. MbicKoBcKkuit

18. TyTysicckas nnowasb

19. Yy-ku Pacnapckme

20. Tomckas nnowaab

21. Yy-ku Onbxepacckue Mmybokue

©END O WN

Tpynna yyacTkos 1 nnowapei Haubonee
MIePCMIeKTUBHbIX B HACTOALLE BpEMS ANS
MIPOMBICTIOBO/ £0GbINH METaHA U3 YTOMbHBIX
nnacros. (OGbexTbl | ouepeay).

Tpynna WwaxTHeIX IONEM U PasBeaHHsIx
YACTKOB NEpCrEKTUBHbIX ANIA NPOMLICTIOBO/
0BbI4M METaHa 13 YroflbHbIX NNacToB

B Gnnxaiiwen Gyayiowem. (OGbekTs Il ouepey).
Tpynna cnabousyyerHbix y4acTkoB i nnoluaaei
nepCneKTBHbIX ANs 4OBbIYN METaHa, Ha
KOTOPLIX 1I0MCK0BO-
OLIEHO4HOTO KEPHOBOTO BypeHns

(Obwexrbi 11l ovepeaw).

TpauLia ropHOro OTBOA feonoro-
NPOMBICTIOBOIA KoMNaHuu "KyaHeuk"

C

CTposiumecs ra3onposozel | o4epenu

C Il oyepepu

CKBaXVHbI TECTOBbIE, OMbITHO-
NPOMbILINEHHbIE

O Creaxua Tomckas rnyGokas (2542m)

@ Creaxura Pacnapickas (2336m)

TM0O1CKOBO-OLIEHOUHbIE NTOLLaAY
(1 — 3 cKkBakuHbI / KM2)

lMpeasapuTensHoO passeaHHble
ydacTku (4 — 10 ckBaxmH / km?)

[ o 0 MeraneHo passenarsie
0O 0° ydacTku (30 — 50 cksaxuH / kM2)
[+]

i
y
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GAZPROM FS: Priority areas in Kuzbass

S - A ST = Study of 121 geological structure and 26
_ & | N
VSl é%ﬁ RIS areas
IR N . - |
VS S I S o - Selection of 4 priority areas with
\& WP e }; 1@? summary CBM resources of 1,5 trin. m?
B\ e e .
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S BN | 56%
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.
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AR 77 2228
Yo _ J;Q\L Y @‘?‘j TOTAL: | 540 14916 2,76
SO T
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GAZPROM F
Basin (U.S.)

Juan B

S: Comparison of Kuzbass (Russia) witih San

Characteristics

Kuzbass

San Juan

CBM resources

Total 13.1 trin. m3, including 3.0 trin. m3 in the
promising south regions

Total 2.3 trin. m3, including 1.4 trin. m3 in
Fruitland formation,nand 0.9 trin. m3 in
Menefi formation

CBM density

from 500 to 3500 min. m3/km2

o1 350 go 1000 min. m3/km2

Total thickness of coal
seams

Total thickness of coal seams reaches 120 m,
thickness of several seams is 10-18 m

Total thickness of coal seams is 30 m,
thickness of several seams is 8-10 m

Coal bedding depth

Up to 4000 m, for estimation only coal seams no
deeper than 1800 m were considered

Not lower than 1200 m (Fruitland
formation)

Number of productive
intervals

6-8 in intervals of 100-150 m in the cross-section to
the depth of 1800 m

one in the interval of of 100-130 m in the
cross-section to the depth of 1200 m

CBM content

Not higher than 25-30 m3/t

Not higher than 15-20 m3/t

Coal rank

0.6 - 2.0% (at the most promising areas 0.75 - 1.2%)

0.7 - 1.5% (within the producing zone
0.78-1.2%)

Coal seam permeability

Not higher than 50 mD, some measuring data
exceeded 100 mD

35-50 mD
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GAZPROM F

Metheds for stimulation of CEM recovery

firom coal s,@ams,

Stimulation methods Applicability conditions Frequency of use
Hydro fracturing of coal | Can be used under different geological >85%
seams conditions
Cavitation f:oal seams with summary thickness of >20 m

hvd in gross interval of < 100 m, permeability >30 <10%
gpneun.lo- y rc:- ] mD. Over pressured coal seams (> hydrostatic

ynamic stimulation) pressure).

Open hole enlargement Coal seams with permeability of 100 mD-3 D <5%
and higher

Directional and Coal layers with low permeability and thickness <1%

horizontal drilling of >2 m
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Gazprom Test Pilot Project: Objectives

Purpose:

Organize commercial CBM
production in Kuzbass

Major tasks:

Obtain commercial gas flow rates
from test wells

Develop technologies and run

Evaluate proven reserves on the
basis of estimated CBM resources
and results of Test Program

Prepare geological and
technological basis for commercial
CBM production
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Gazprom Test Pilot Project: Results

- Constructed testing polygon in
Kuzbass

- Dirilled 4 test wells;

- Fulfilled geophysical, core and
hydrodynamic investigations

- Developed technologies and
facilities for CBM production

- Prepared geological and
technological basis for commercial
CBM production within 4 high-

priority areas

- Test wells are under probe
exploitation

&
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GAZPROM Pilot Test Project: Scientific Research and
Computer Technolegies for CME Development
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