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Critical-Gas-Content Technology Provides
Coalbed-Methane-Reservoir Data

Robert A. Lamarre, Black Diamond Minerals and John Pope, WellDog

Abstract

The two most significant reservoir parameters for evaluating
coals for possible coalbed-methane (CBM) production are
the gas content (measured in scf/ton of coal) and the gas satu-
ration (amount of gas stored in coal divided by the maximum
amount of gas that the coal can hold, in %). Historically, these
parameters could be obtained only by cutting a core of the
coal, placing the core sample in a desorption canister, and
waiting a few months for the gas to desorb [rom the coal.
Once desorption was complete, a representative sample of
the coal was sent to a laboratory for determination of the
adsorption isotherm, which indicates the gas-storage capacity
of the coal.

Introduction

The described technique has many inherent problems,
including cost, mechanical risk of coring, amount of gas
that is released from the coal during its trip up the hole,
the long time required for gas to desorb from the coal, and
the loss of gas caused by handling and transport. Because
of the long time required for laboratory analyses of initial
appraisal wells, development wells might not be drilled until
the next drilling season. In addition, the cost of these data
usually prohibits collecting enough information to ensure
that the data set is representative of the prospect. Instead, it
is common to assume that coal-core data from one well are
representative of the coals covering one or more townships
(36 sq miles). Reservoir data collected from more than 170
CBM wells in the Powder River basin (PRB) of northeastern
Wyoming by use of new critical-gas-content technology
demonstrated that coal variability is significant at a scale
much smaller than a township.
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This new technology uses a downhole chemical-sensing
tool developed specifically for the CBM industry. The tool
provides the critical desorption pressure (CDP) of methane
gas dissolved in coal-reservoir fluid in the wellbore. The key
instrument in this tool is a Raman spectrometer that has
been downsized and ruggedized so that it can be lowered by
wireline into a 5-in.-diameter wellbore. The Raman effect was
discovered in 1928 and has been used in many industries for
mineral identification. The Raman effect occurs when light
scatters from a molecule with a slightly changed energy, or
color, caused by excitation of the molecule’s chemical bonds.
As a result, observing the colors of light reflected back from
a sample indicates which molecules make up the material.
An example of the spectroscopic response from three differ-
ent concentrations of methane dissolved in water is shown
in Fig. 1.

Method

One of the many advantages of Raman spectroscopy is that
water molecules do not change the energy level of most pho-
tons that scatter from them. As a result, in contrast to infrared
spectroscopic systems, Raman spectroscopy is not overly
sensitive to water. This is a key advantage when analyzing
materials in systems that contain water, such as CBM reser-
voirs. The number of photons reflected back from methane
molecules in the fluid can be correlated directly with the
methane concentration in the fluid.

The methane concentration in the wellbore fluid is con-
verted to partial pressure with a solubility law, such as
Henry's law (lower-left graph in Fig. 2). By use of the Raman
spectrometer, it is possible to analyze trace amounts (<5 mil-
limoles) of solution gas and, thereby, calculate an accurate
partial pressure of methane. The partial pressure of methane
in water in the cleats (fractures) and micropores of a coal
seam is the same as the partial pressure of methane in the
coal itself (Fig. 2). This partial pressure of methane also is
equal to the CDP of methane, which is the pressure below
which gas will begin to desorb from the coal. The partial pres-
sures are equal in the water and coal, but the concentrations,
as determined by Henry’s law and an adsorption isotherm,
respectively, are different.

Laboratory experiments proved that no gas will desorb
from the coal when the reservoir pressure is greater than the

Copyright 2007 Society of Petroleum Engineers

This is poper SPE 103539, Technology Today Series arficles are general, descriptive rep-
resentations that summarize the state of the art in an area of technology by describing recent
developments for readers who are not specialists in the topics discussed. Written by individuals
recognized as experts in the areq, these articles provide key referances to mare definitive wark
and present specific defails only fo illustrate the technology. Purpese: to inform the general
readership of recent advances in various areas of petroleum engineering.

JPT « NOVEMBER 2007



30,0004
w
=
=]
O 25,0004
o 60 mM
= 30 mM
. 20,0004 15 mM
14
o
5
= 15,000

10,000 4

2840 2860 2880 2900 2020 2940 2960 2980

Raman shift, cm-1

Fig. 1—Raman spectra of (bottom fo top) 190-psi
(15-mM), 297-psi (30-mM) and 564-psi (60-mM) dis-
solved methane gas. (mM = millimolar concentration
of methane in water.)

CDP: Coal samples placed in high-pressure vessels can simu-
late undersaturated conditions in a coal reservoir. A Raman
spectrometer attached to the pressure vessel monitors the
partial pressure of methane in the fluid as the hydrostatic
pressure is reduced to simulate depressurization of a coal
reservoir. No gas desorbs from the coal until the “reservoir”
pressure is reduced to the partial pressure of methane,
which is the CDP. At that pressure, gas bubbles are released
from the coal (Fig. 3). A representative chart, showing the
“reservoir” pressure and methane partial pressures, is shown
as Fig. 4. Note that the methane partial pressure is constant,
regardless of the degree of saturation of the coal, and that it
equals the CDP.

This observation is significant because a comparison of
the CDP with the reservoir pressure (Fig. 5) indicates the
amount of reduction in reservoir pressure (drawdown pres-
sure, AP) that is required before gas is produced in measur-

Fig. 3—Representative photomicrograph of a subbitu-
minous coal that starts fo produce gas when the “res-
ervoir” pressure equals the CDP (i.e., held in Region
B in Fig. 4). Image is 7.2 mm wide. Note the methane
bubbles desorbing from the coal surface.
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Fig. 2—Under equilibrium conditions, the partial
pressure of methane is the same in the coal and the
associated water.

able and sustainable quantities. When the reservoir pressure
exceeds the CDP, a well will produce only water. Therefore,
this technique is a proxy for gas saturation and can be used
to determine which wells will produce gas first.

If a representative isotherm is available for the coal seam
being tested, then the CDP can be used to calculate the gas
content of the coal (bottom right in Fig. 2).

Field Results

CBM reservoirs are layered, fractured, and laterally vari-
able, which makes it difficult to quantify the gas-producing
potential. Historically, the degree of heterogeneity has been
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Fig. 4—Measurement of methane partial pressure dur-
ing reduction of hydrostatic pressure in a high-pres-
sure vessel indicates that the methane partial pres-
sure equals the CDP. No gas bubbles are seen until the
“reservoir” pressure equals the CDP (Point C).

109



TECHNOLOGY TODAY SERIES

d Cr'rlicgi Total reservoir
Eaorption pressure
€ 500 - pressure
=]
B a00 -
13 __.Gas
g 800 . 4 content
8200 AP
- Drawdown
@
100 pressure

0 i ] T T

0 500 1,000 1,500 2,000

Pressure, psia

Fig. 5—~The measured CDP can be compared with the
reservoir pressure to defermine the drawdown pres-
sure, or the amount of reservoir-pressure reduction
(caused by removal of water) required to reach the
CDP so that the coal will start to desorb gas.

underestimated, largely because gas-content and gas-satura-
tion data were obtained only from widely spaced cored wells.
Recent development of a wireline logging tool to determine
gas content and gas saturation in more-closely-spaced wells
has helped confirm the scale of this heterogeneity, leading to
better drilling and completion decisions.

Example 1. Fig. 6 shows gas-content data from closely
spaced wells in the PRB of northeastern Wyoming. The gas
content from Coal-Seam 1 ranges from 6 to 11 scf/ton, which

Reservoir Heterogeneity
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Fig. 6—Results of a field survey of CDP (in psi) and
gas content (in scf/ton) by use of a downhole chemi-
cal-sensing tool. Significant variability is apparent
in these 10 closely spaced wells in the PRB. Colors
represent fwo different coal seams.

are low values, even for the PRB. The data indicate that Coal-
Seam 2 should be the main target, with gas content ranging
from approximately 90 to 30 scf/ton and back to approxi-
mately 80 scf/ton (from top right to lower left in Fig. 6).
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Fig. 7—Gas-content values from 45 coalbed reservoirs in seven coal seams in the PRB by use of chemical-
sensing technology. Blue circles emphasize the exireme range of values, neither of which is representative of

the D seam.
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