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Mineral coal at 644' to 645' depth (775 grams dry wt.)
Dry Wood coal at 728' to 730" depth (871 grams dry wt.)
e Riverton coal at 880' to 883' depth (1156 grams dry wt.)

The cuttings were caught in kitchen strainers as they exited the air-stream pipe emptying
to the mud pit. The samples were then washed in water while in the kitchen strainers to
rid them of as much drilling mud as possible before the cuttings were placed in
desorption canisters. Water with zephyrn chloride biocide was then added to the
canisters, with a headspace of 1 to 2 inches being preserved at the top of the canister.

All samples were transported May 31st to the laboratory at the Kansas Geological Survey
in Lawrence, KS and desorption measurements were continued at approximately 73 °F .
Desorption measurements were periodically made until the canisters produced negligible
gas with daily testing for at least two successive days.

DESORPTION MEASUREMEDN S

The equipment and method for measuring desorption gas is that prescribed by McLennan
and others (1995). The volumetric displacement apparatus is a set of connected
dispensing burettes, one of which measures the gas evolved from the desorption canister.
The other burette compensates for the compression that occurs when the desorbed gas
displaces the water in the measuring burette. This compensation is performed by
adjusting the cylinders so that their water levels are identical, then figuring the amount of
gas that evolved by reading the difference in water level using the volumetric scale on the
side of the burette.

The desorption canister used for the Dry Wood coal sample encloses a volume of
approximately 150 cubic inches (2450 cm®). The Summit coal/Little Osage Shale,
Mineral coal and Riverton coal samples were collected in canisters enclosing a volume of
approximately 106 cubic inches (1740 cm®). The Excello Shale, Bevier coal, and
Croweburg coal samples were collected in canisters enclosing a volume of 44 cubic
inches (721 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 awrence, 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 pounds per square inch (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)/ (RTsp) = (PrigVrig)/ (R Tiig)

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, Vs, and Tgp,
respectively, are pressure, volume and temperature at standard temperature and pressure,
where standard temperature is degrees Rankine ("R = 460 + °F). Pyg, Viig, and Tiig,
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:

Vstp = (Tstp/Trig) (Prig/Pstp) 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
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procedure used to infer lost gas for these samples is outlined in the section below on Lost
Gas.

LITHOLOGIC ANALYSIS

Upon removal from the canisters, the cuttings were washed of drilling mud, and dried in
an oven at 150 °F for 1 to 3 days, or air-dried for several days. 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) lag
time to surface for the well cuttings, 2) data tables for the desorption analyses, 3) lost-gas
graphs, 4) “lithologic component sensitivity analyses™ showing the interdependence of
gas evolved from dark shale versus coal in each sample, 5) a summary component
analysis for all samples showing relative reliability of the data from all the samples, and
6) a desorption graph for all the samples.

Graph of Lag-time to Surface for Well Cuttings (Figure 2)

Lag time of cuttings to surface varied, but there is a general trend of longer lag times for
greater depth. The lag times accepted for cuttings were taken to be a visual average of
the trend (defined by the scatter of data points on this graph) at the depth at which the
samples were taken.

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 3-9)

Gas lost prior to the canistering of the sample was estimated by extrapolation of the first
few data points after the sample was canistered. The linear characteristic of the initial
desorption measurements is usually lost within the first hour after the cuttings leave the
bottom of the hole, thus data are presented in the lost-gas graphs for only up to one hour
after cuttings are off bottom. Lost-gas volumes derived from this analysis are
incorporated in the data tables described above.

“Lithologic Component Sensitivity Analyses" (Figures 10-16)

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 (cm3 ) = [weightcoa (grams) X gas contenteoal (cm3/gram)] +
[weightdark shale (grams) X gas contentgark shaie (cm®/ gram)]

A unique solution for gas content.oa in this equation is not possible because gas
contentgar 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 contentcoa 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.






of certainty. The steeper the slope on the summary sensitivity analysis diagram (Figure
17), the more uncertainty there is with respect to the calculated gas content for the coal.
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FIGURES and TABLES

FIGURE 1. Correlation of field barometer to Petrophysics Lab pressure transducer.
FIGURE 2. Lag-time to surface for well cuttings.

TABLE 1. Desorption measurements for samples.

FIGURE 3. Lost gas determination for Summit coal/Little Osage Shale.
FIGURE 4. Lost gas determination for Excello Shale.

FIGURE 5. Lost gas determination for Bevier coal.

FIGURE 6. Lost gas determination for Croweburg coal/V shale
FIGURE 7. Lost gas determination for Mineral coal

FIGURE 8. Lost gas determination for Dry Wood coal

FIGURE 9. Lost gas determination for Riverton coal.

FIGURE 10. Sensitivity analysis for Summit coal/Little Osage Shale.
FIGURE 11. Sensitivity analysis for Excello Shale.

FIGURE 12. Sensitivity analysis for Bevier coal.

FIGURE 13. Sensitivity analysis for Croweburg coal/Vshale.
FIGURE 14. Sensitivity analysis for Mineral coal.

FIGURE 15. Sensitivity analysis for Dry Wood coal.

FIGURE 16. Sensitivity analysis for Riverton coal.

FIGURE 17. Lithologic component sensitivity analyses for all samples.

FIGURE 18. Desorption graph for all samples.





































































