


SUMMARY

Nine cuttings samples from the Pennsylvanian Marmaton and Cherokee Group were
collected from the Meritage KCM #26-13 Garrison SWD well in NE SW 26-T.19S.-
R.19E. in Anderson County, KS:

e Mulberry coal at 673" to 676' depth

shale above Summit at 755' to 758' depth’

Summit "coal" at 760" to 762' depth'

Bevier coal at 853" to 855' depth

Mineral coal at 898 to 900" depth

Riverton "A" coal at 1108' to 1110' depth

Riverton "A" coal (sieved coarse) at 1113’ to 1115' depth

Riverton "A" coal (sieved fine) at 1113" to 1115 depth

Riverton "B" coal at 1120' to 1122' depth

Assuming the dark shale that is usually admixed with the coal cuttings has approximately
3 scf/ton gas content, the samples calculated as having the following gas contents:

e  Mulberry coal at 673" to 676' depth (35.1 scf/ton)
e shale above Summit at 755' to 758" depth' (3.3 scf/ton)

e Summit "coal" at 760' to 762' depth' (5.2 sct/ton)

e Bevier coal at 853' to 855' depth (17.7 sct/ton)
e Mineral coal at 898 to 900" depth (12.2 scf/ton)
e Riverton "A" coal at 1108' to 1110' depth (82.0 sct/ton)
e Riverton "A" coal (sieved coarse) at 1113' to 1115’ depth® (85.1 scf/ton)
e Riverton "A" coal (sieved fine) at 1113"to 1115’ depth? (85.1 scf/ton)
e Riverton "B" coal at 1120' to 1122’ depth3 (240.0 sctf/ton)

'no coal in sample
“calculated using 4.5 scf/ton for admixed dark shale
*results uncertain due to only small amount of coal in sample

The most reliable result, which is largely controlled by the amount of coal in the cuttings,
is from the Mulberry coal sample. The least constrained results are from the Riverton
"B" sample, which had only 1.3% coal. The sample of the shale above the Summit "coal"
and the Summit "coal" sample had no coal in them, nevertheless, they respectively
contained 69% and 59% dark shale, thus their results were reasonable good. The results
for the Bevier and Mineral, samples all carry some uncertainly because they contain less
than 10% coal. The Riverton "A" coarse and fine samples respectively contained 20%
and 11% coal, however, both of these samples and the Riverton "A" sample from 1108’ to
1110' have internally consistent results that fortify the reliability of the calculations for






The desorption canisters were both home-made, using PVC pipe and plumbing materials
available at hardware stores, and commercial, obtained from SSD, Inc. in Grand Junction,
CO. On average, the canisters were approximately 12.5 inches high (32 cm), 3 1/2 inches
(9 cm) in diameter, and enclosed a volume of approximately 150 cubic inches (2450
cm’). In case of small sample size (generally sample weighing less than 300 grams dry
wt.), a concrete plug was placed in the desorption canister to decrease the volume of free
space within the canister. This volume of this plug was 77 cubic inches (1262 cm’).

The desorbed gas that collected in the desorption canisters was periodically released into
the volumetric displacement apparatus and measured as a function of time, temperature
and atmospheric pressure.

The time and atmospheric pressure were measured in the field using a portable weather
station (model BA928 ) marketed by Oregon Scientific (Tualatin, OR). The atmospheric
pressure was displayed in millibars on this instrument, however, this measurement was
not the actual barometric pressure, but rather an altitude-compensated barometric
pressure automatically converted to a sea-level-equivalent pressure. In order to translate
this measurement to actual atmospheric pressure, a regression correlation was determined
over several weeks by comparing readings from the Oregon Scientific instrument to that
from a pressure transducer in the Petrophysics Laboratory in the Kansas Geological
Survey in Lawrence, Kansas (Figure 1). The regression equation shown graphically in
Figure 1 was entered into a spreadsheet and was used to automatically convert the
millibar measurement to barometric pressure in psi.

A spreadsheet program written by K.D. Newell (Kansas Geological Survey) was used to
convert all gas volumes at standard temperature and pressure. Conversion of gas
volumes to standard temperature and pressure was by application of the perfect-gas
equation, obtainable from basic college chemistry texts:

n=PV/RT

where n is moles of gas, T is degrees Kelvin (i.e., absolute temperature), V is in liters,
and R is the universal gas constant, which has a numerical value depending on the units
in which it is measured (for example, in the metric system R = 0.0820 liter atmosphere
per degree mole). The number of moles of gas (i.e., the value n) is constant in a
volumetric conversion, therefore the conversion equation, derived from the ideal gas
equation, is:

(Pstpvstp)/ (RTstp) = (Prigvrig)/ (RTrig)

Customarily, standard temperature and pressure for gas volumetric measurements in the
oil industry are 60 °F and 14.7 psi (see Dake, 1978, p. 13), therefore Py, Vsep, and T,
respectively, are pressure, volume and temperature at standard temperature and pressure,
where standard temperature is degrees Rankine ("R =460 + °F). Prig, Viig, and T,









The total gas evolved from the sample is due to gas being desorbed from both the coal
and dark shale. Both lithologies are capable of generating gas, albeit the coal will be
richer in gas than the dark-colored shale. Even though dark-colored shale is less rich in
sorbed gas than coal, if a sample has a large proportion of dark, organic-rich shale and
only a minor amount of coal, the total volume of gas evolved from the dark-shale
component may be considerable.

The total amount of gas evolved from a cuttings sample can be expressed by the
following equation:

Total gas (cm3 ) = [weightca (grams) X gas contentceal (cm’/gram)] +
[weightgark shate (grams) X gas contentgark shale (cm3 /gram)]

A unique solution for gas content.,, in this equation is not possible because gas
content gk snate 1S NOt known exactly. An answer can only be expressed as a linear
solution to the above equation. The richer in gas the dark shales are, the poorer in gas the
admixed coal has to be, and visa versa. If there is little dark shale in a sample, a
relatively well constrained answer for gas content.., can be obtained. Conversely, if
considerable dark shale is in a sample, the gas content of a coal will be hard to precisely
determine.

The lithologic-component-sensitivity-analysis diagram therefore expresses the bivariant
nature inherent in the determination of gas content in mixed cuttings. The gas content of
dark shales in Kansas can vary greatly. Proprietary desorption analyses of dark shales in
cores from southeastern Kansas have registered as much as 50 scf/ton, but can be as low
as 2-4 scf/ton. For a general understanding of the lithologic-component-sensitivity-
analyses diagrams, the calculated gas content,,, is given for assumed gas content jar shaie
at 30 scf/ton and 50 scf/ton. For most samples gathered in east-central and northeastern
Kansas, the resultant gas content ., is a negative number for 30 scf/ton and 50 scf/ton
gas content g shale- ' The only conclusion is that the gas content gz shaie Or most samples
taken from this region has to be lower than 30-50 scf/ton. Conversely though, to assume
that all the gas evolved from a cuttings sample is derived solely from the coal would
result in an erroneously high gas content for the coal.

In all the lithologic-component-sensitivity-analysis diagrams, a “break-even” point is
noted where the gas content of the coal is equal to that of the dark shale. This “break-
even” point corresponds to the minimum gas content assignable to the coal and maximum
gas content assignable to the dark shale. It can also be thought of the scf/ton gas content
of the cuttings sample minus the weight of any of the lighter-colored lithologies, which
are assumed to have no inherent gas content.

Summary Component Analysis for all Samples (Figure 21)

This diagram is a summary of the individual “lithologic component sensitivity analyses”
for each sample, all set at a common scale. The steeper the angle of the line for a sample,
the more uncertainty is attached to the results (i.e., gas content,,,) for that sample. If the



coal content is miniscule (i.e., < approximately 5%), the results are a better reflection of
the gas content jorx shale-

Desorption Graph (Figure 22)

This is a desorption graph (gas content per weight vs. square root of time) for all the
samples. The rate at which gas is evolved from the samples is thus comparable at a
common scale.

RESULTS and DISCUSSION

No bona fide coal was in the shale sample (755'-758") taken above the Summit "coal", or
at the Summit "coal" itself (760'-762'. Gas content was calculated for a very dark shale
that was present in both of these samples. Other lithologies, which are not gas
generating, include light-gray shales and limestones.

The Riverton "A" sample at 1108-1110' was originally intended to sample the dark shale
above the Riverton coal rather than the coal itself, however, coal constituted 7.5% of this
sample and thus the linear relationship of the coal and admixed dark shale (Figure 17)
could be established.

The Riverton "A" coal from 1113'to 1115' was the subject of a sieving experiment at the
well site in which a coarse fraction (0.0930") was canistered separately from a fine
fraction (<0.0930" and >0.0661"). If finer-sized cuttings desorb faster than coarser-sized
cuttings, one would expect that the finer-sized fraction would calculate to having less gas
per ton than the coarser-sized fraction. However, the finer-sized fraction only yields less
gas per ton than the coarser-sized fraction ONLY IF shale gas-content is assumed to be
less than 4.5 scf/ton. At 3 scf/ton shale gas, the fine fraction yields about 6% less gas
than the coarse fraction (i.e., 88.3 vs. 93.2 scf/ton). The simultaneous solution for both
size fractions is 4.5 scf/ton for shale and 85.1 scf/ton for coal (Figure 18).

The Riverton "B" sample at 1120-1122' only contained 1.5% coal. Due to this small
amount of coal and the minuscule amount of gas evolved, the solution to the linear
relationship of the coal and its admixed dark shale carries much uncertainty (Figure 19).
When the 1120-1122' line is plotted against the linear solutions for the 1108-1110" and
1113-1115" samples (Figure 20), the solutions to these simultaneous equations (i.c.,
expressed as the points of intersection of these lines with the 1120-1122' line) are:

9.0 scf/ton (dark shale), 53.9 scf/ton (coal) for the 1108-1110" sample
8.7 sctf/ton (dark shale), 64.7 scf/ton (coal) for the 1113-1115' sample

These unique solutions, however, are not necessarily valid though, due to the depth
differences for the samples, and uncertainty inherent with small gas yield and low coal
content in the 1120-1122' sample. One reasonable conclusion though is that the shale
sampled with the Riverton "B" at 1120-1122' is capable of desorbing around 8 scf/ton,






FIGURE 19. Sensitivity analysis for Riverton "B" coal at 1120'-1122' depth.
FIGURE 20. Sensitivity analysis for all Riverton coal samples.

FIGURE 21. Lithologic component sensitivity analyses for all samples.

FIGURE 22. Desorption graph for all samples.

















































































