


SUMMARY

Four cuttings samples from the Pennsylvanian Cherokee Group were collected from the
Evergreen Operating Corp. Grable #12-27; SW SW SW 27-T.3S.-R.21E., Doniphan
County, KS. The samples calculate as h=ving the following gas contents:

e Tebo coal at 1220.0' to 1221.0" deptl (8 scf/ton)

e Dry Wood coal at 1408.4' to 1410.0' dept (17 scf/ton)
e Rowe "D" coal at 1455.4' to 1558.0" dept] (21 scf/ton)
e Warner "A" coal at 1554.6' to 1555.4" dey __ (26 scf/ton)

.ssuming accompanying dark shale in sample desorbs 3 scf/ton

BACKGROUND

The Evergreen Operating Corp. Grable #12-27; SW SW SW 27-T.3S.-R.21E., Doniphan
County, KS was selected for cuttings desorption tests in association with an on-going
coalbed gas research project at the Kansas Geological Survey. The samples were
gathered February 29 and March 1, 2004 by K. David Newell and Galen A. Worthington
of the Kansas Geological Survey, with assistance from Richard Robba (consultant to
Evergreen). Samples were obtained during coring of the well, with no cessation of
drilling before zones of interest (i.e., coals and dark shales in the Cherokee Group) were
penetrated. The well was drilled using a mud system, with a rig owned by Layne-
Christensen, Canada, Ltd.

Lag times for samples to reach the surface (important for assessing lost gas) were
determined with a rule-of-thumb rate of circulation of 100 feet per minute. A mud-

logging trailer with a gas detector trailer was on site.

Four cuttings samples from the Pennsylvanian Cherokee Group were collected:

e Tebo coal at 1220.0' to 1221.0" depth (349 grams dry wt.)
e Dry Wood coal at 1408.4' to 1410.0' depth (282 grams dry wt.)
e Rowe "D" coal at 1455.4' to 1558.0' depth (305 grams dry wt.)
e Warner "A" coal at 1554.6' to 1555.4' depth (261 grams dry wt.)

The cuttings were caught in kitchen strainers as they exited the shale shaker 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 biocide was poured into the canisters before the canisters were
sealed.

Temperature baths for the desorption canisters were on site, with temperature kept at
approximately 70 °F. The canistered samples at the end of the day were transported to
the laboratory at the Kansas Geological Survey in Lawrence, KS and desorption
measurements were continued at the same temperature. Desorption measurements were



periodically made until the canisters produced negligible gas with daily testing for at least
two successive days.

DESORPTION MEASUREMENTS

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.

Most desorption canisters were made in-house at the Kansas Geological Survey. The
"ST" canisters enclosed a volume of 38 cubic inches (620 cm®). The "DN" canisters
enclosed a volume of 44 cubic inches (720 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 linear regression 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. The regression equation was entered into the desorption 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:

-
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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









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

Total gas (cm’) = [weighteqa (grams) X gas contenteoal (cm3/ gram)] +
[weightgark shate (grams) X gas contentyark shaic (cm3/ gram)]

A unique solution for gas content .., in this equation is not possible because gas
content gark snate 1 N0t 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 o, 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 with normal gamma-ray readings in Kansas 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. For example, the Mulky coal is a coal associated
with a "hot shale" (Excello Shale).

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 oq) for that sample. If the



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

Desorption Graph (Figure 10)

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. The final value represents the standard cubic feet of gas per ton (scf/ton)
calculated for the sample, using the combined weight of the coal and dark shale in the
sample.

RESULTS and DISCUSSION

All of the other samples contain adequate coal for reasonable determination of gas
content of the coal. No sample had less than 28% coal. According to the summary
diagram for the sensitivity analyses (Figure 9), the best constrained results (in which the
resultant coal gas content varies the least with shale gas content) is for the Rowe "D" coal
(1455.4' to 1558.0"). The least constrained results are for the Tebo coal (1220.0' -
1221.0").
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FIGURES and TABLES
TABLE 1. Desorption measurements for samples.

FIGURE 1. Lost-gas graph for Tebo coal at 1220.0' to 1221.0' depth.
FIGURE 2. Lost-gas graph for Dry Wood coal at 1408.4' to 1410.0' depth.
FIGURE 3. Lost-gas graph for Rowe "D" coal at 1455.4' to 1558.0' depth.
FIGURE 4. Lost-gas graph for Warner "A" coal at 1554.6' to 1555.4' depth.

1220.0" to 1221.0" depth.
FIGURE 6. Sensitivity analysis for Dry Wood coal at 1408.4' to 1410.0' depth.
FIGURE 7. Sensitivity analysis for Rowe "D" coal at 1455.4' to 1558.0' depth.
FIGURE 8. Sensitivity analysis for Warner "A" coal at 1554.6' to 1555.4" depth.

FIGURE 9. Lithologic component sensitivity analyses for all samples.



FIGURE 10. Desorption graph for all samples.










































