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ABSTRACT

Coal bed methane (CBM) data such as ash contents, moisture contents, volatile mat-
ters, and fixed carbon — commonly obtained from log analysis - are direct input to calcula-
tion of gas accumulation in CBM reservoirs. However, recent studies on some coal samples
taken from Rambutan field CBM pilot project have shown that the commonly used log
analysis equations are simply inapplicable for the field’s coal samples. Calculation results
tend to give far different magnitudes when compared to laboratory results. After a series of
re-evaluations and re-measurements on the laboratory results it was convinced that the
problem does not lie with the laboratory results but with these ‘conventional’ equations.
Therefore modification efforts are spent to find better equations.

Comparisons between measured data (coal samples taken from two coal seams in the
field) and calculated data show that only equation for ash contents gives accurate results.
The other proximate analysis output data - i.e. moisture contents, volatile matter, and fixed
carbon — is at considerable odd with their corresponding calculated data. Modification
upon the original empirical models is then carried out. The following modifications on the
equations have produced analogous but different empirical equations to the original equa-
tions. These equations certainly work more reliably for the field’s coals, and these better
results underline that future log analyses in the field have to use the modified equations.

Key words: coal bed methane, proximate analysis, log analysis, modification, better-suited

equations.

I. INTRODUCTION

In the last two decades coalbed methane (CBM)
has received plentiful attention in almost every part
of the world. In coal mining industry the contained
methane gas in the coal seams were mostly regarded
as hazzard to the mining activities themselves. Vari-
ous methane related accidents have occurred through-
out the history of coal mining, often resulted in seri-
ous fatalities, especially in deep mining activities.

In petroleum industry CBM has actually been long
considered as a potential alternative to gas produc-
tion from conventional gas reservoirs. This is true
since coal beds are often encountered in petroleum
wells, but too deep to be economically exploited

through conventional deep mining operations. How-
ever, low gas price in the past and the relative small
CBM accumulation in most coal beds compared to
conventional gas reservoirs prevented its exploitation.

Situation in today’s petroleum industry - with
awareness that world’s gas reserve has its certain
limit - has led to an emphasis that CBM has to be
given a more appropriate attention. Based on tech-
nology available to petroleum and mining industries
technology for drilling and production of CBM have
been developed. The various techniques that have
been developed, including ones in formation evalua-
tion, have exhibited their usefulness but improvements
are indeed required. Recent execution on the first
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pilot project in Indonesia in Rambutan field — South
Sumatra, has shown the need.

During the trial of this first CBM field in Indone-
sia, coal samples were retrieved from the five wells
drilled so far. Log survey using standard log suites
were also run, but it was doubted whether the com-
mon equations/models used in log interpretation are
valid for the required reserve assessment. This was
proved based on significant difference between re-
sults of proximate analysis — ash contents, moisture,
volatile matter, and fixed carbon — from laboratory
and the corresponding estimates using conventional
equations. As fully acknowledged, error in such data
will result in erroneous estimates in a field’s CBM
accumulation. It is the theme of this paper to show
the bias and to offer alternative equations/models that
at least are valid for Rambutan field.

1. *‘STANDARD’ MODELS

In a manner similar to conventional oil and gas
reservoirs in their early era of exploitation, evalua-
tion over CBM reservoirs were also carried out much
using core samples and testing in the laboratory.
Considering the costs needed for coring and testing
of all existing wells (especially for CBM reservoirs,
which success of exploitation is much influenced by
well density), it was thought that means had to be
established to utilize the most common and widely
used method for reservoir evaluation, the wireline
logs.

Mullen (1989) proposed a set of interpretation
models for proximate analysis data derived from ba-
sin-wide database reported by Fassets and Hinds in
their 1971 US Geological Survey Profesional Paper
676. The original set of equations presented in Mullen
(1988) is

Vo = 64.94* p, —66.27 (1)
Vee =-0.517*V,, +51.2 (2)
Vy =-0.1*V,, +4.61 (3)
Vi =100V, =V =V, (4)
with V., V., V,,, Vi T, represent the data of ash

contents, fixed carbon, moisture, volatile matter, and
bulk density, respectively. The proximate analysis data
is in weight fraction and bulk density in gr/cc. Al-
though these equations were derived from a certain

database they are subject to modification in order to
accommodate ‘local effect’, as has been shown in
Mullen (1989).

The proximate analysis data estimated using
Equations (1) through (4) enables the estimation of
gas contents. There are some methods available,
amongst others is Modified Kim method (Kim, 1977)
of

V 18h
V=(1-V, —V.,.)*—2*k *0.96" —0.14 — |+11
R L (i)

d

5)
where
Vv = gas contents, ft¥/ton,
Vv, =gas volume in wet condition,
V, = gas volume in dry condition,
h = depth, meters,
v, Vv, =075,
Vec
k, =0.800*| — |+5.60 (6)
M
and
* VFC
n, =0.390-0.100*| — (7
VM

Other fully empirical methods are average gas con-
tents, V_, from Mullen (1989)

V,, =-542p, +1053 (8)
and the equation from Mavor et al (1990) of

V =604.1-751.8a, 9)
with
a, = Vash

d (1_VM) (10)

The equations presented above are at present still
being used in the interpretation of well log data from
CBM wells. Comparison and calibration using tested
cores are suggested but various practices have shown
that this recommended practice is not always carried
out. Instead, direct use without any corrective mea-
sure is often practiced.
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I11. CASE STUDY: RAMBUTAN FIELD

Regionally, the Rambutan field pilot project is situ-
ated in the southern part of the South Sumatra sedi-
mentary basin in Sumatra (Figure 1). The basin, which
development was much influenced by the subduction
of the Indo-Australian Plate underneath the South-
east Asian Plate during the Late Cretaceous — Early
Tertiary, contains sediments from Tertiarry terrestrial
to marine clastics with minor limestone (Suwarna et
al, 2003). The coal seams that serve as the focus,
from which the methane gas is expected, are con-
tained within the tertiary (Oligocene to Pleistocene)
Muara Enim formation (Suwarna et al, 2003).

The Muara Enim formation comprises approxi-
mately 900 m of paralic sandstones with interbedded
coal seams, which typically form between 10% and
20% of total formation thickness. Referring to well
log data the coal seams are dispersedly distributed
throughout the formation. With regard to age the
Muara Enim formation is sub-devided, from the old-
est to the youngest, into M1, M2, M3, and M4 Sub-
divisions (Figure 2). From the four Sub-divisions, M2
Sub-division with its A1, A2, B, and C (Figure 3) coal
seams is the focus of the pilot project (Suwarna et al,
2003).

The Aland A2 seams range between 6 and 15
meters in thickness. From studies from outcrops, the
Al seam tends to thin out in the southern part of the
field whereas the A2 seam tends to be uniform with
its 9 — 15 meters thickness throughout the field. The
B seam appears to be the thickest with maximum
thickness of 19 meter with an average value of 16.7
meters. Laterally, most of the seam is present in a
single body except some vertical separation in some
parts in the field’s northern area. The C seam is ap-
parently the thinnest seam in the M2 Sub-division with
thickness from 7 to 11 meters. The seam tends to
reach its maximum thickness in the western part of
the field.

Maceral analysis previously conducted for the
coals (from A seams) show that the maceral group is
predominantly vitrinite that varies within 71% - 94%,
with exinite and inertinite components of 1 — 7% and
3 — 10%, respectively. Based on the vitrinite reflec-
tance results for samples from the A seams and the
Enim seam (M4 Sub-division) of 0.50 — 0.52% and
0.38 — 0.47%, respectively, it is interpreted that the
CBM present is a combination of biogenic and ther-

mogenic types, dominated by the thermogenic one.
If the tested coal samples are taken as the represen-
tative for the coals in Rambutan project, the vitrinite
reflectance results suggest that the coals vary from
lignite to sub-bituminous C — B ranks.

The coals have fairly developed cleat system with
averaged cleat spacing of 27.5 cm and 8.2 cm for A
and Enim seams, respectively, and cleat aperture of
0.1 — 0.2 cm. Despite fairly cleated (i.e. moderate
permeability), the coals tend to exhibit very low po-
rosity. The high volatile matter contents (39.3 —
43.4%) shown by the samples indicate characteris-
tics of very low in situ methane contents. However,
other characteristics of dull to dull-banded lithotype,
vitrinite dominated maceral composition, low to me-
dium vitrinite reflectance, moderate moisture contents,
and low ash contents indicate moderate level of CBM
contents within the seams.

IV. LABORATORY WORKS

A total of 53 core samples were taken from the
pilot project’s wells nos. 3 and 4. The sizes of full
diameter cores are 3.5 inch and 2.5 inch for A seams
and C seam, respectively. All samples were retrieved
under hydrostatic pressure from mud column in the
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Figure 1
Location map of South Sumatra Basin

105



ESTABLISHMENT OF MORE RELIABLE EQUATIONS

BAMBANG WIDARSONO, ET Al.

LEMIGAS SCIENTIFIC CONTRIBUTIONS
VOL. 32. NO. 2, AUGUST 2009 : 103- 113

wells. The samples were to un-
dergo gas contents, proximate
analysis, ultimate analysis, and
bulk density measurements.

As the core samples were
retrieved from the wells, they
were stored in canisters and iso-
lated completely. Following the
standard procedure, total vol-
umes of released gas within the
canisters during transportation
(Q,) were measured upon ar-
rival at the laboratory through the
use of fast desorption method.
Simultaneously, gas composition
was measured using gas chro-
matograph. Core samples were
then removed from the canister
and tested for their bulk density
using mercury displacement
method. Next step was to put
the samples into crusher. As the
samples were being pulverized
the released gas (Q,) was mea-
sured thoroughly. Using the re-
corded Q, and Q,, the volumes
of released gas during the time-
measured core retrieval (Q,)
were estimated using fast des-
orption method. Figure 4 pre-
sents an example of Q, estima-
tion. Summation of Q,, Q,, and
Q, serves as the estimates of
total gas contents (V) in the core
samples.

After the samples were suf-
ficiently crushed (grain size <
150 ?m) some of the powder
was taken for proximate analy-
sis. For proximate analysis, a
sufficient quantity of powder
samples was put into furnace,
and following the procedures
described inASTM D 3173-00,
ASTM D 3174 -00,and ASTM
D 3175 - 01, moisture content
(V,), ash content (V_,), and
volatile matter (V,, ) were mea-
sured. Proximate analysis mea-
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Figure 2

General stratigraphy of the area of study
[from Suwarna et al, 2003]
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Southern Area

[dorthesn Area

Figure 3
Stratigraphic column with thickness of the seams
based on gamma ray and density logs
[from Suwarna et al, 2003]

surements are made in air dry basis (adb), which
results are then converted into as received (ar) con-
dition imitating in situ condition in wells.

All proximate analysis results are presented in
weight fraction. Fixed carbon (V,) is simply a sub-
straction of the combined three parameters from
100%. Notice the difference shown by Mullen’s
Equations (1) through (4), in which fixed carbon is
calculated and volatile matter is merely a product of
the other three proximate analysis parameters. For
log analysis purposes, it could arguably be consid-
ered irrelevant whether volatile matter or fixed car-
bon as the product of the other three parameters, but
it is indeed volatile matter that actually ‘matters’ —
and is measured in the laboratory — since it deter-
mines the tested coal’s rank.
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Figure 4

An example of estimation of gas lost (Q,) during
coreretrieval during coring

Apart from the above tests, ultimate analysis tests
were also carried out to determine the coal’s elemen-
tal contents and callory values. The resulting data is
treated as supplemental information to this study. Main
results of the overall laboratory measurements are
presented in Table 1.

V. ANALYSIS OF DATA

As in standard activities related to the estimation
of CBM accumulation, all laboratory tests on samples
in this study were performed under the most repre-
sentative conditions. As this condition was satisfied
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Laboratory measurement data for A and C seams’ samples
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then the resulting data was valid for comparison to
its corresponding log analysis results. Discrepancies
between the two data sources were expected but it
was hoped that they would still be within an accept-
able degree not to lead into a need to modifiy the
existing equations.

Figures 5 through 8 exhibit comparisons between
observed (measured) and calculated ash contents,
fixed carbon, moisture contents, and volatile matters
data for all samples tested. The comparisons have
shown that only equation for ash contents (Equation
1) seems to work properly by yielding accurate V_,
estimates. Comparisons for the other three show very
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calculated fixed carbon (original equation)
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Comparison between measured and
calculated volatile matter (original equation)

significant disagreements, of which calculated data
tends to differ much compared to observed data. The
use of alternate bulk density from density log did not
provide any improvements.

Comparisons between measured (i.e. Q,+Q,+Q,)
and calculated gas contents were also carried out.
Figures 9 through 11 present the comparisons for
Modified Kim (1977), Mullen (1989), and Mavor et
al. (1990) equations, respectively. From the three
comparisons, it is obvious that there is no acceptable
degree of accuracy given by the three equations. At
this point it is worth emphasizing that the validity of
the observed gas contents is very much determined
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by the validity of the method for determining Q,, the
fast desorption method.

All comparisons for proximate analysis and gas
contents data have proved that the ‘standard’ equa-
tions and methods are not applicable for the Rambu-
tan coals. Modifications, even establishments of new
equations, upon the ‘standard’ equations are appar-
ently needed if the well log data in the Rambutan
field is to remain in use for the assessments of CBM
acummulation in the project.
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Figure 9
Comparison between measured and calculated
gas content (Mod Kim, original equation)
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Figure 10
Comparison between measured and calculated
gas content (Mullen, original equation)

V1. SUGGESTED MODELS

For the proximate analysis tests data, Mullen
equations for moisture contents (Equation 2) and fixed
carbon (Equation 3) estimation are the ones that need
modification. For volatile matter, Equation 4 is cer-
tainly in no need for modification but the resulting
estimates were later to be compared with observed
V,,, from laboratory. This additional source of com-
parison was later to prove useful in providing control
during modifications of Equations 2 and 3.

Modifications on Equations 2 and 3 were essen-
tially carried out through a series of trials of alterna-
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Figure 11
Comparison between measured and calculated
gas content (Mavor et al, original equation)
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Figure 12
Comparison between measured and calculated
fixed carbon for A seam (modified equation)
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Figure 13
Comparison between measured and calculated
fixed carbon for C seam (modified equation)
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Figure 14
Comparison between measured and calculated
moisture content for A seam (modified equation)

tive pairs of slopes and intercepts. Improvement in
agreement between calculated data with observed
ones is the prime objective with an acceptable de-
gree of agreement between calculated and observed
V., @s the constraint. The most optimum results of
the modifications are the adjustments of Equations 2
and 3into

Ve =-0.874*V,, +45.8 (A seam) (11)
V. =-0.094*V,_, +46.6 (C seam) (12)
for the fixed carbon equations, and

V,, =-0.185*V , +4.26 (A seam) (13)
V,, =-0.302*V_y, +6.84 (C seam) (14)
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Figure 15
Comparison between measured and calculated
moisture content for C seam (modified equation)
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Figure 16
Comparison between measured and calculated
volatile matter for A seam (modified equation)

for the moisture contents equations.

Figures 12 through 15 present the comparisons
between observed and calculated data produced
through the use of Equations 11 through 14. Obvious
improvements are apparent when compared to com-
parisons presented in Figures 6 and 7. Figures 16
and 17 show similar comparison for the resulting vola-
tile matter data obtained using Equation 4. Signifi-
cant improvement is particularly shown by the com-
parison in Figure 17 when compared to the old com-
parison in Figure 8. This underlines the validity of
Equations 12 and 14 for Rambutan’s C seam.

The comparison in Figure 16 for A seam is in-
deed less encouraging for the data points are scat-
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tered far off the 45 degree line indicating a complete
disagreement between calculated and observed V, .
This could be taken as an indication that validity of
Equations 11 and 13 are less convincing than Equa-
tions 12 and 14. However, when it is considered that
the V.. and V,, equations for A seam have gone
through calibration using laboratory data, it can argu-
ably be taken that the inconsistency is somewhat
caused by non-linearity relationship between the four
proximate analysis parameters in A seam coals. Re-
gardlessthe V, , results, Equations 11 through 14 can
safely be considered more valid than Equations 2 and
3 for the Rambutan coals.
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For gas contents, similar approaches were also
used for the modications of existing models/equations.
This is especially true for Mullen and Mavor et al
equations. For Mullen average gas contents equa-
tion, Equation 8 becomes

V,, =32p,+10 (15)
and the Mavor et al equation becomes
V =81-110a, (16)

With V|, data in the a, resulted from the new
Equations 13 and 14. Figures 18 and 19 present com-
parisons between the new calculated and measured
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Figure 17

Comparison between measured and calculated
volatile matter for C seam (modified equation)
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Figure 18

gas content (Mullen, modified equation)

Figure 19
Comparison between measured and calculated
gas content (Mavor et al, modified equation)
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Figure 20
Comparison between measured and calculated
gas content (Mod Kim, modified equation)
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(i.e. Q,+Q,+Q,) gas contents. Better agreement has
been achieved when the two equations are used.

For Modified Kim equation, the modification is
less simple. Equations 5 through 7 obviously show
presence of firstand second order variables and con-
stants. From a quick look it is certainly unclear about
how the sensitivity trials and adjustments should start
from and are focused on. However, provided that
the proximate analysis parameters are accepted while
expressions of 0.96h and 0.14(1.8h/100) obviously
represent pressure and temperature at depths, respec-
tively, itis variables of k and n_that have to be given
attention. Through a series of sensitivity trials the k_
and n_ become

k, = 0.8009*(\EJ +5.59 (17)
VM
n, =0.390-0.015* Vee
[ ' VM (18)

Figure 20 presents a comparison between the new
calculated gas contents data and the measured data.
The reasonably good agreement show the practical
validity of the Modified Kim (1977) equation, but with
k, and n_represented by Equations 17 and 18, for
Rambutan coals, at least for the tested samples. It is
well understood that adjustments on the k and n,
equations are somewhat subjective and non-unique
in nature. Other investigators may have attention
and focus given to other aspects within and that are
related to Equation 5. A more theoretical approach
should be adopted even though the semi-empirical
nature of the equation may make the effort very chal-
lenging.

VIlI. CONCLUSIONS

Modified equations from existing proximate analy-
sis and gas contents equations have been established.
Despite their varried level of validity, the equations
can nevertheless be regarded as more valid for the
Rambutan coals. Any future analysis on well log data
in Rambutan should use these equations. The use of
‘standard’ equations that are often still in use for CBM
log analysis will yield inaccurate results.

Modifications over the ‘standard” equations have
reinforced the conviction that different coals should
be treated differently in CBM log analysis, even
though some sort of grouppings in the application may
be justified (i.e. different equations for different

groups of coal ranks). The coals in the Rambutan
field are of lignite to sub-bituminous(C — B) by rank.
Whether the modified equations are valid for all coals
belonging to those ranks, it is future and further ap-
plications that will prove.
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