






























































4.4 Borehole 34FGT-4

The driller's log for the borehole is summarized in Table 7. The Springfield in this
borehole is 4.8ft thick (only 2.9ft recovered during coring). Coal quality, petrographic
composition, and ash chemistry of the coal is presented in Table 8. Moisture contents of
the coal are 8.9 percent (top sample) and 11.3 percent (bottom sample), ash contents are
9.7 percent in the lower part and 11.2 percent in the upper part, and sulfur content is 3.6
percent in the lower part and 4.1 percent in the upper part. Vitrinite content for both
samples is around 90 percent, liptinite content does not exceed 4.0 percent and inertinite
contents are 2.7 percent (upper) to 3.0 percent (lower). Vitrinite reflectance of 0.56
percent is identical to that in 32FGT-3. Fe,O; averages 20.98 percent and it dominates
over Ca0O and MgO. In this locality there are no significant differences in ash chemistry
between the lower and upper parts except that CaO and SO; are considerably higher in

the lower part.

5.0 GAS CONTENT OF THE SPRINGFIELD COAL

5.1. Borehole 20FGT-1

In borehole 20FGT-1, 8 ft of coal was sampled and five individual samples were collected
and analyzed for gas contents (Table 9). The uppermost sample consists of 0.6t of coal
and 0.4ft of black shale. The total measured desorbed gas ranges from 1147 to 4856 ml.
The total gas content (dmmf basis) ranges from 34.6 to 88.6 (average 61) scf/ton and on
a raw basis from 29.3 to 67.7 scf/ton . Lost gas content ranges from 14.6 to 24.0 percent

and sorption time from 11.7 to 306.1 hours.
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Table 8. Coal quality and petrography of borehole 34FGT-4

Sample| Depth (') | Coal name| Ro (%) |Vitrinite| V (mmf)| Liptinite| Inertinite MM T/D
No. 2 |232.3-233.3| Springfield | 0.56 87.6 93.9 3.0 2.7 6.7 3.2
No. 1 |233.3-235.3| Springfield | 0.56 91.0 92.9 4.0 3.0 2.0 3.9

Average 0.56 89.3 93.4 3.5 2.9 4.4 3.5

Sample| Depth Moisture |Ash dry|Volatile dry FC dry |BTU/LB dry|Sulfur dry
No. 2 [232.3-233.3 8.9 11.2 [nd nd 12966 4.1
No. 1 [233.3-235.3 11.3 9.7 |nd nd 13113 3.6

3.8

Average 10.1 10.4 13040

Sample Depth SiOo2 Al203 [ TiO2 CaO K20 MgO [Na20| P205 |Fe203|S0O3
No. 2 [232.3-233.3|] 47.80 2140 | 1.18 1.14 2.82 0.80 0.94( 0.09 |[22.00(0.77
No. 1 ]233.3-235.3] 44.09 2155 | 1.23 4.55 2.33 0.90 0.67] 0.17 ]19.95(4.44

Average 45.95 2148 | 1.21 2.85 2.58 0.85 0.81 0.13 [20.98]2.61

Note: Ro - vitrinite reflectance, MM - mineral matter, T/D - telocollinite to desmocollinite,
Vitrinite, Liptinite, Inertinite, and MM in volume %, FC - fixed carbon, nd - not determined.
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Table 9 . Gas content of the Springfield coal from boreholes 20FGT-1, 21FGT-2, 32FGT-3, and 34FGT-4,
Bureau of Mines method

Sample Id Depth () jMeasured Desorption} Sorption j Lost gas D+L Gas Total Gas Total Gas
Volume (scc) time (hrs)} (%) Jscf/ton, dmmff scfton, dmmf | scf/ton, raw
20FGT-1-5 | 325.8-326.8 1820 306.1 14.6 47.8 55.0 43.4
20FGT-1-4 | 326.8-328.8 3505 11.7 24.0 57.0 65.6 43.5
20FGT-1-3 | 328.8-329.8 1147 54.4 19.6 30.1 34.6 29.3
20FGT-1-2 | 329.8-331.8 3165 32.8 17.8 53.3 61.3 45.8
20FGT-1-1 | 331.8-333.8 4856 140.2 15.1 77.0 88.6 67.7
average 109.0 18.2 53.0 61.0 45.9
21FGT-2-1 | 242.0-242.8 1468 465.5 6.7 42 1 48.4 40.2
21FGT-2-2 | 242.8-244 .8 3883 263.2 9.7 47.3 54 4 46.1
21FGT-2-3 | 244.8-245.8 1754 302.3 8.4 48.2 55.4 39.6
average 343.7 8.3 45.9 52.7 42.0
32FGT-3-1 | 364.3-366.3 6608 215.5 13.3 101.3 116.5 69.0
32FGT-3-2 | 368.3-370.3 4438 228.3 18.0 73.6 84.6 53.8
average 221.9 15.7 87.5 100.6 61.4
34FGT-4-2* | 232.4-233.3 283 1.9 30.4 16.5 19.0 14.7
34FGT-4-1 | 233.3-235.3 3065 339.0 12.8 49.7 57.2 445

Note: D+L - desorbed plus lost gas
* leaking canister




For the calculation of GIP resources, two values of gas content were used, one using an
average dmmf gas content of five samples, and the other one using the maximum value on
a dmmf basis (Table 10). Values of 847,000.6 and 1,230,233.7 scf in one acre were
calculated, respectively (Table 10).

Table 10. Coalbed gas content and reserves in the study area.

Borehole Seam Thick (") |Total gas content | GIP (SCF) in 1 acre
(dmmf, scf/ton) (dmmf)
20FGT-1 ave | Springfield 7.4 61.0 847,000.6
20FGT-1 max | Springfield 7.4 88.6 1,230,233.7
21FGT-2 ave | Springfield 4.2 52.7 415,319.3
21FGT-2 max | Springfield 4.2 55.4 436,597.5
32FGT-3 ave | Springfield 6.1 100.6 1,151,463.0
32FGT-3 max | Springfield 6.1 116.5 1,333,453.7
34FGT-4 ave | Springfield 4.8 No data No data
34FGT-4 max | Springfield 4.8 57.2 515,180.5

5.2. Borehole 21FGT-2
The 3.8 ft of coal (out of 4.2 ft of total coal thickness) was sampled for gas desorption
(Table 9), and the total measured volume of desorbed gas ranges from 1468 to 3883 ml.
Total gas content (dmmf basis) ranges from 48.4 to 55.4 scf/ton, with an average value of
52.7 scf/ton and on a raw basis from 39.6 to 46.1 scf/ton, with an average of 42.0 scf/ton
(Table 10). Lost gas accounts for 6.7 to 9.7 percent, and sorption time ranges from 262.2
to 465.5 hours.

For 21FGT-2, GIP values of 415,319.3 and 436,597.5 scf in one acre were

calculated using average and maximum dmmf gas contents, respectively (Table 10).

20



5.3 Borehole 32FGT-3
A total of 6.0 ft of coal (6.1 ft is the coal total thickness) was sampled for gas desorption,
and the total measured volume of desorbed gas ranges from 4438 to 6608 ml (Table 9).
Total gas content (dmmf basis) ranges from 84.6 to 116.6 scf/ton, with an average value
of 100.6 scf/ton, and on a aw basis from 53.8 to 69.0 scf/ton, with an average of 61.4
scf/ton. Lost gas volume is 13.3 and 18 percent, and sorption time varied 215.5 and 228.3
hours.

For 32FGT-3 location, GIP values of 1,1514,63.0 and 1,333,453.7 scf per 1 acre

were calculated using average and maximum in-situ gas contents, respectively (Table 10).

5.4 Borehole 34FGT-4

Coal 2.9 ft (partial recovery) thick was sampled for gas desorption (Table 9), and the total

measured volume of desorbed gas ranges from 283 to 3065 ml (Table 9). The former

value is low because of canister leakage and was not considered for resource calculations.

Total gas content (dmmf basis) is 57.2 scf/ton (Table 9), and on a raw basis 44.5 scf/ton.
For 34FGT-4 borehole, GIP value of 515,180.5 scf per 1 acre were calculated

using the maximum dmmf gas content (Table 10).

6.0 DISCUSSION

In this discussion, the gas content in the Springfield Coal is related to the following
parameters: depth of burial, vitrinite reflectance, vitrinite, moisture, and ash contents.

In general, gas content, both average and maximum, of the Springfield Coal

Member in Gibson County is directly correlatable to depth of the coal (Fig. 4). This
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as a function of depth. Notice a slightly better correlation for the maximum values.
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relationship appears to be more linear when maximum scf/ton values are considered. The
positive relationship between the gas content and the depth of burial suggests that either:
1) the gas, or at least a large component of it, is thermogenic in origin, or 2) gas from the
shallower depth is depleted because of migration to the surface. If the former is true, a
positive correlation between vitrinite reflectance and gas content is expected; the higher
vitrinite reflectance (= higher rank) the more thermogenic gas should have been
generated. This relationship exists for three out of four boreholes (20FGT-1, 21FGT-2,
and 32FGT-3) (Fig. 5). The exception is borehole 34FGT-4 where for relatively high
reflectance (0.56%) gas content is very low. The cause for the low gas content in 34FGT-
4 borehole is probably related to the presence of a thick porous sandstone immediately
above the coal (Fig. 2). The sandstone body likely served as a conduit through which the
gas migrated, resulting in gas depletion in the seam.

The absolute range of vitrinite reflectance is relatively narrow, from 0.51 percent in
21FGT-2 to 0.56 percent in 32FGT-3 and 34FGT-4. This level of vitrinite reflectance
corresponds to high volatile bituminous C rank, a rank that is low for thermogenic gas
generation. It is commonly accepted that generation of gas takes place at vitrinite
reflectance levels above 0.6 percent (for example, Rice, 1993). However, it has been also
demonstrated that the threshold for thermogenic gas generation varies, depending on
maceral composition and chemistry of macerals. Because of this variability, is very likely
that the Springfield Coal of 0.56 percent vitrinite reflectance has already passed its
thermogenic gas generation onset and gas generation has been initiated. Based on
calculated amounts of gases generated from coal during coalification (Hunt, 1979), the

amount of thermogenic gas generated from the Springfield cannot be high. The amount of
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thermogenic gas from coal of the same rank as the Springfield in the study area is
expected to be not more than a few liters from one kilogram of coal (Hunt, 1979). Table
11 gives the desorbed gas in cm’ and samples weights of all the samples, as well as
calculated gas yield based on the desorbed gas only. All the gas yields oscillate around 1
liter/kg. Including lost gas and residual gas in calculations would elevate gas yield only
slightly. These numbers suggests that the gas present in the Springfield Coal in the study
area generally is in a range of the amount of thermogenic gas that would be expected

from the coal of this rank.

Table 11. Desorbed gas, sample weight (as received) and gas yield of the Springfield coal

samples.

Sample ID Desorbed gas, scc Sample weight, g | Gas liter/kg
20FGT-1 325.5-326.8 1820 1770.6 1.03
20FGT-1 326.8-328.8 3505 36774 0.95
20FGT-1 328.8-329.8 1147 1727.0 0.66
20FGT-1 329.8-331.8 3165 3000.0 1.06
20FGT-1331.8-333.8 4856 3041.8 1.60
21FGT-2 242-242.8 1486 1452.0 1.02
21FGT-2 242.8-244.8 3883 3405.0 1.14
21FGT-2 244.8-245.8 1754 1770.0 0.99
32FGT-3 364.3-366.3 6608 3995.0 1.65
32FGT-3 366.3-368.3 5379 3586.2 1.50
32FGT-3 368.3-370.3 4438 3586.6 1.24
34FGT-4 232.4-233 .4 283 953.4 0.30
34FGT-4 233.4-235.3 3065 2860.2 1.07

Figure 6 presents a relationship between gas content and vitrinite content that
shows an unexpected negative relationship between these two parameters. This
relationship, however, is a consequence of the relationship between the ash and gas
content (Fig. 7). On a mineral matter-free basis, no correlation is apparent between
vitrinite content and gas content (Fig. 6). The relationship between gas content and ash

content (Fig. 7)
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needs to be further investigated. It is usually the case that the gas content decreases with
an increase in ash, and the opposite relationship in this study is difficult to explain.

No apparent relationship was found between moisture (Fig. 7) and gas content and
between telocollinite to desmocollinite ratio and gas content. For some coals it has been
suggested that desmocollinite submaceral is the major gas source, and lack of this
relationship for the Springfield Coal does not support this suggestion. Considering that
the rank of the Springfield Coal is close to the threshold for thermogenic gas generation, it
appears that some gas may have been generated directly from vitrinite (telocollinite and
desmocollinite) while some may be the result of cracking from oil generated from liptinite
macerals.

The overall coalbed gas content in the study area is not high. The highest average
value of desorbed gas on a dmmf basis approaches 117 scf/ton only in 32FGT-3 (depth of
364-370 ft). In other locations where the Springfield is not as deep, the gas content is
significantly lower. These gas contents are somewhat lower than expected for the area,
especially considering that an abandoned underground mine located close to the study area
experienced gas explosions. This may suggest that gas is distributed unevenly and that
some pockets exists that may have much higher concentrations of gas. Our values are a
little lower than those obtained on the Springfield Coal (76 and 81 scf/ton on raw basis in
Harper, 1991) in the western part of Gibson County, and much lower that the single value
of 144 scf/ton given for the Springfield in Gibson County by Archer and Kirr (1984). The

gas contents for the Springfield reported by Harper as well as Archer and Kirr come from

28



depths of 596 to 665 ft, much deeper than for the area studied, and the higher gas content

may reflect the depth differences.

7.0 CONCLUSIONS

1) Gas content of the Springfield Coal in the study area is primarily a function of the
depth of burial and corresponding increase in coal rank, suggesting a thermogenic
origin of the gas;

2) Lithology of the clastic sediments associated with the coal is also an important factor
influencing gas content within the seam. Where thick sandstone bodies occur above
the coal, the gas content in the coal is depleted likely due to migration into porous
sediments;

3) Relationships between gas content and moisture and ash content are not clear and

require further study.
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APPENDIX 1

Lost Gas Calculations and Desorption Rate

Curves



Desorbed Gas Volume (scc)

Sample FGT1-1: Lost Gas Volume Estimation
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Desorbed Gas Volume (scc)

Sample FGT3-1: Lost Gas Volume Estimation
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Sample FGT3-1: Desorption Rate Graph
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Desorbed Gas Volume (scc)

Sample FGT4-1: Lost Gas Volume Estimation
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Sample FGT4-1: Desorption Rate Graph
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