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CBM Reservoir

Adsorption (Gas content)

Ferian Anggara

Outline

* Overview

 Adsorption (Gas content)

* Porosity

* Permeability (Cleat system)
* Gas Flow

* Reserve Analysis

* Dynamic reservoir

* Enhanced recovery

Coal and CBM resources in Indonesia

ASEL A SR
BASINS

North  Berau, Pasir/Asem, Others,

Tarakan, g4 30, 6.9, South
17.5, 2% 19% 1% Sumatra,
Central 183.0,

0%

oo Kutei,
=% 804
18%

Barito,
1016,
22%

Coal bed methane (CBM):
337-453 Trillion cubic feet

Stevens and Hadiyanto, 2004
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Schematic showing biogenic and thermogenic gas generation

Coal resources and reserves

Quality Resources Million tons) Reserve (Million tons)
Class c’(':a’l'/r;‘r::;" Total % |Probable | Proven Total %
Low <5100 21,227.63 20.18% 7,603.88 1,105.40 8,709.28 41.21%
LRC | [Medium | 5100-6100 | 6972602 | 6629% | 706352 | 290441 | ss6rs3 | 4r17%
igh 6100-7,100 | 1322061 | 1257% | 86173 | 141044 | 227217 | 1075%
HRC —>lvery High >7,100 1,01219 0.96% 73.20 109.18 182.47 0.87%
Total 1ws187.04 | 10000% | 1550201 | 52943 | 213185 | 100.00%

Taylor et al., 1998:

LRC: Low rank coal = < 7000 cal/gram
HRC: High rank coal - > 7000 cal/gram

Geological agency, 2010

What is Coal Gas?

* This gas was considered one of the many hazards of coal mining

* Recently: unconventional resources

* Gas is generated during maturation of organic matter into coal and by

microbes residing in a coal

« Coal deposits of all geologic ages have generated gas
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Typical of CBM Production Curve
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Darcy flow of gas to wellboro.

Diffusion through microporaa by Ficd's Lavi.
Darey flow through fractures.

Gas storage in macropares: real gas
law.

Gas storage by adsorption on micropore
surfaces

Produntion sahaciila acnording fo sl
|decline curves.

Initial negative deciine.

Gas content from logs.

Inorganic reserveir rock.

Gas to viater ratio decreases with time.

Gas contant from cares. Gannet gel gas
content from logs.

Gas o water ratio increases with time in latter
stages.

Organic reservair rosk.

Hyaraulic fracturing may ke naeded to
enhance flow.

Hydraulic fracturing required in most of the
basins except the eastern part of the Powder
River basin where the permeabilty is very
high. Permeabilty dependent on fractures.

Macropore sze:® 14 to 1 mm

Micropore size:® <5A° to 50A°

[Reservoir and source rock
independent

Reservoir and source rock same.

[Permeabilty not stress dependent.

Permeabllty highly stress depencent.
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Sampling

ABsorption

ADsorption vs ABsorption

ADsorption
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A. Conventional Desorption Canister

Seidle, 2011

Moore, 2012
Chiper coal, 2015

Q2& Q3 calculation

Gas desorption measurements

1. Lostgas (Q1)

is the calculated amount of gas that has potentially been lost from the time the core leaves the
reservoir at depth to when it is placed within a canister at the surface

2. Measured gas (Q2)

the gas which is directly desorbed from the canister and measured using a manometer

3. Residual gas (Q3)

« After a sample is either “fully’ desorbed or when the operator decides that enough has been
measured to achieve the desired goals of the sampling, the coal is removed from the canister

« Crushing coal to approximately 250 um size particles, which has gas tight seals and a gas lead
from which the gas evolved can be removed for measurement.

Total gas volume =Q1 + Q2 + Q3

Moore, 2012

40

30

250

200
150
100
050

/ =)

0.00

050

Measured Air-Dry Gas Content, m*/tonne

100

5 0 15
Square Root of Desorption Time, hours"®s

Measured Air-Dry Gas
Content, m*/tonne
g B 8 8 & &

s
8

Moore, 2012

Q1 calculation

Linear regression

2nd order polynomial regression

+ Messured Data

—Regression Line .

¥ =-0.23537+ 1.03x - 0.6305.

e
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Measured Air-Dry Gas
Content, m*/tonne

0.26 m7t lost gas

* Measured Data
050

0.53 m7t

—Poly. (Measured
Data)
lost gas

Square Root of Desorption Time, hours*0.6

Square Root of Desorption Time, hours*0.5

Moore, 2012
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Adsorption test

PVT Apparatus, Kyushu University-Japan

Adsorption test
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Gas saturation

Desorption Isotherms

% “slow”, “fast” or “in between”
< reservoir temperature
Adsorption Isotherms

< reservoir temperature

< fresh samples!

%g = 1-((a-d)/a)*100

where,
%g, is gas saturation

a, is maximum gas holding capacity [adsorption]
d, is total measured gas [desorption]

Moore, 2010
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Gas saturation and desorption pressure

, Maximum storage capacity

Maximum
holdifig

capagcity

Moore, 2010
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Which deposit would you pick?
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Coal properties & Gas content

1 ] ouaternary
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Coal properties & Gas content

Calorific Value (kcallkg, dry ash free)

% Vitrinite Reflectance (mean max)

Total measured gas [mt, ar)
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Total Measured Gas (m?t, ar)

Coal properties & Gas content
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Adsorption isotherms
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Adsorption isotherms related to rank

Maximum Gas Holding Capacity (m’/t)

Kim, 1977
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Rank-gas relationships shown are in general correct, they are far from universally observed
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Gas in-place (GIP)

(GIP=AxCTxdxGC|

A :area or distribution of coal being estimated
* CT: coal thickness End
« d: density

* GC: gas content

Moore, 2010

Management Reservoir cam-28 Management Reservoir cBm-29




