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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:

(PsipVsip)/ (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, Vi, and Tsep,
respectively, are pressure, volume and temperature at standard temperature and pressure,
where standard temperature is degrees Rankine ("R = 460 + °F). Pyg, Viig, and Ty,
respectively, are ambient pressure, volume and temperature measurements taken at the
rig site or in the desorption laboratory.

The universal gas constant R drops out as this equation is simplified and the
determination of Vstp becomes:

Vsl‘p = (Tsl‘p/Trig) (Prig/Psl'p) Vrig

The conversion calculations in the spreadsheet were carried out in the English metric
system, as this is the customary measure system used in American coal and oil industry.
V is therefore converted to cubic feet; P is psia; T is “R.

The desorbed gas was summed over the time period for which the coal samples evolved
all of their gas.

Lost gas for samples (i.e., the gas lost from the sample from the time it was drilled,
brought to the surface, to the time it was canistered) are normally determined using the
direct method (Kissel and others, 1975; also see McLennan and others, 1995, p. 6.1-6.14)
in which the cumulative gas evolved is plotted against the square root of elapsed time.
Time zero is assumed to be the moment that the rock is cut and its cuttings circulated off
bottom. Lost gas, however, had to be inferred for the samples collected from this well
because no desorption apparatus was on site when those samples were collected. The
procedure used to infer lost gas for these samples is outlined in the section below on Lost
Gas.
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LITHOLOGIC ANALYSIS

Upon removal from the canisters, the cuttings were washed of drilling mud, and dried in
air for at least a week. After drying, the cuttings were weighed and then dry sieved into 5
size fractions: >0.0930",>0.0661", >0.0460", >0.0331", and <0.0331". For large sample
sizes, the cuttings were ran through a sample splitter and a lesser portion (approximately
75 grams) were sieved and weighed, and the derived size-fraction ratios were applied to
the entire sample.

The size fractions were then inspected and sorted by hand under a dissecting microscope.
Three major lithologic categories were differentiated: coal, dark shales (generally
Munsell rock colors N3 (dark gray), N2 (grayish black), and N1 (black) on dry surface),
and lighter-colored lithologies and/or dark and light-colored carbonates. The lighter-
colored lithologies are considered to be incapable of generating significant amounts of
gas. After sorting, and for every size class, each of these three lithologic categories was
weighed and the proportion of coal dark shale and light-colored lithologies were
determined for the entire cuttings sample based on the weight percentages.

DATA PRESENTATION

Data and analyses accompanying this report are presented in the following order: 1) data
tables for the desorption analyses, 2) lost-gas graphs, 3) “lithologic component sensitivity
analyses” showing the interdependence of gas evolved from dark shale versus coal in
each sample, 4) a summary component analysis for all samples showing relative
reliability of the data from all the samples.

Data Tables of the Desorption Analyses (Table 1)

These are the basic data used for lost-gas analysis and determination of total gas desorbed
from the cuttings samples. Basic temperature, volume, and barometric measurements are
listed at left. Farther to the right, these are converted to standard temperature, pressure
and volumes. The volumes are cumulatively summed, and converted to scf/ton based on
the total weight of coal and dark shale in the sample. At the right of the table, the time of
the measurements are listed and converted to hours (and square root of hours) since the
sample was drilled.

Lost-Gas Graphs (Figure 2)

To infer an approximate lost-gas value for each sample, a correlation of the total gas
desorbed from a sample after it had been canistered to its rate of lost gas was developed
using desorption data accumulated for 42 cuttings samples obtained from air-drilled wells
in the Cherokee basin in southeastern Kansas (Figure 2). The rate of lost gas used in this
correlation was that amount of gas lost by the square root of 0.6 hours (the square root of
0.36 hours). By knowing the total gas given up by the sample after canistering (i.e., the
total gas desorbed) a hypothetical rate of lost-gas could be calculated using the a
regression line:



lost gas rate per square root of 0.36 hours = 0.1241 X (total gas desorbed in ccs) + 48.14

Once the hypothetical lost-gas rate was calculated, the lost gas could be calculated by
taking the square root of the bottom-hole to canister time (derived from subtracting the
lag time from the surface time), and multiplying it times the hypothetical lost-gas rate.
Analysis of the lithology of the cuttings used in this correlation revealed no consistent
relationship (see Figure 2), therefore further refinement of the relationship of the rate of
lost gas to the total gas desorbed after canistering is not possible at this point in time.

“Lithologic Component Sensitivity Analyses” (Figures 3-8)

The rapidity of penetration of an air-drilled well makes collection of pure lithologies
from relatively thin-bedded strata rather difficult. Mixed lithologies are more the norm
rather than the exception. Some of this mixing is due to cavings from strata farther up
hole. The mixing may also be due to collection of two or more successively drilled
lithologies in the kitchen sieve at the exit line, or differential lifting of relatively less-
dense coal compared to other lithologies, all of which are more dense than coal.

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 lighter-colored lithologies are considered to be
incapable of generating significant amounts of gas.

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

Total gas (cm®) = [weightces (grams) X gas contente (cm’ /gram)] +
[weightgark shate (grams) X gas contentgark shale (crn3/gram)]

A unique solution for gas content,, in this equation is not possible because gas
contentyark shale 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 contentca 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.



A value of 3 scf/ton for average dark shale is based on the assay of the gas content of
cores of dark shales in nearby wells. However, high-gamma-ray shales (such as the
Excello Shale), also colloquially known as "hot shales", typically have more organic
matter and associated gas content than dark shales with no excessive gamma-ray level.
Determination of gas content for a coal associated with a "hot" shale therefore carries

more uncertainty than if the coal were associated with a shale without a high gamma-ray
value.

In general, shale gas content does not have to be very much greater that 10 scf/ton before
the associated coal starts to have a gas content less than that of the dark shale. In all the
lithologic-component-sensitivity-analysis diagrams, a “break-even” point is therefore
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. 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.

Summary Component Analysis for all Samples (Figure 9)

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..y) for that sample. If the
coal content is miniscule (i.e., < approximately 5%), the results are a better reflection of
the gas content dark shale-

RESULTS and DISCUSSION

Samples with less that 1% coal and/or less than 5% dark shale are considered to have
invalid results due to insufficient quantities of gas-generating lithologies. The best
constrained data are that associated with the unidentified coal at 958", followed bythe
Tebo coal at 1020'".

The least constrained data are associated with the Mulky coal/Excello Shale at 891'. The
small amount of coal in the sample (1.6%), in combination with the large amount of dark
shale (88.6%) imparts considerable uncertainty in reasonably determining the gas content
of the coal. Overall, however, this interval has a 50 to 55 scf/ton gas content.
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