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SUMMARY

During July of 2002 the Kansas Geological Survey drilled a continuous 2-inch diameter
core from the surface to 860 feet total depth with a wireline-core drilling rig. Samples of
core were boxed on site and later transported to the core repository at the Kansas
Geological Survey in Lawrence, KS. Following the completion of drilling, the Fort Scott
and Cherokee Group portions of the core were described in detail and hotographed
(Appendix A and B).

Six core samples from the Pennsylvanian Cherokee Group were collected from the
Kansas Geological Survey Cooper #CW-1 well in SE SW SW11-T35S-R18E, Labette
Co., KS. Desorbed gas from these samples were measured with the following results:

e Iron Post coal (382°-383’) [143.5 scf/ton]
e Fleming coal (420°-421) [49.0 scffton]*
e Dry Wood coal (630.4’-631.4") [87.4 scffton]
e Rowe coal (695.9°-696.5) [76.1 scffton]
e Neutral coal (766.7°-767.7") [69.3 scffton]
¢ Riverton coal (840.2°-841.2") [62.5 scffton]

* Measurement suspect to due leak discovered in desorption canister.
BACKGROUND

The KGS Cooper #CW-1 well in SE SW SW 11-T35S-R18E, Labette Co., KS, was
selected for core desorption tests in association with an on-going coalbed gas research
project at the Kansas Geological Survey. The samples were gathered July 17-20, 2003 by
Jonathan P. Lange and Troy Johnson of the Kansas Geological Survey. Samples were
obtained in a wireline coring operation by the Kansas Geological Survey drilling rig.
Time off bottom for every sample was noted, as well as time at surface and time in
canister.

The samples were collected and inserted into desorption canisters at the well site. The
canisters were then placed in temperature baths approximating formation temperature.
The canistered samples were later transported to the Kansas Geological Survey and
desorption measurements were continued. Desorption measurements were periodically
made until the canisters produced no more gas.

DESORPTION MEASUREMENTS

L. . ) r 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 simply reading the difference in water level using the volumetric
scale on the side of the burette.

The desorption canisters were homemade using PVC pipe and fixtures available at
plumbing supply shops. On average, the canisters were approximately 12 inches high, 4
inc:l;es in diameter, and enclosed a volume of approximately 150 cubic inches (2450
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 atmospheric pressure was estimated in the field. More precise measurements were
made back at the laboratory using a pressure transducer in the Petrophysics Laboratory in
the Kansas Geological Survey in Lawrence, Kansas. 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:

(PsipVisp)/(RTp) = (Prig Vrig)/ (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 Psy, Vi, and Ty,
respectively, are pressure, volume and temperature at standard temperature and pressure,
where standard temperature is degrees Rankine (‘R =460 + °F). Pgg, Vg, and Trg,
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 V; 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. The Fleming sample from the Cooper CW-1 well desorbed for almost 2
months before the detection of a leak. All other samples evolved gas for over a period of
four to eleven months.

Lost gas (i.e., the gas lost from the sample from the time it was drilled, brought to the
surface, to the time it was canistered) was 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
instant the core is lifted from the bottom of the hole. Characteristically, the cumulative
gas evolved from the sample, when plotted against the square root of time, is linear for a
short time period after the sample reaches ambient pressure conditions, therefore lost gas
is determined by a line projected back to time zero.

LITHOLOGIC ANALYSIS

Upon removal from the canisters, the cores were washed of drilling mud and weighed.
They were then dried in air for up to three weeks and weighed again. Weight loss, given
in the spreadsheet desorption data tables, ranged between 1.7% to 5.1%.

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, and 3) a desorption graph for 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 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 dry weight of 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 (Figures 1-6)
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

v y w’in ‘e 77 s Terc ister
Lost-gas volumes derived from this analysis are incorporated in the data tables described
above.



Desorption Graph (Figure 7)

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.

PROXIMA _ : ANALYSIS and ASHING EXPERIMENTS

Samples from the Iron Post, Dry Wood, Rowe and Riverton coals were sent out for
proximate analysis at Luman’s Labs in Chetopa, KS. The samples were obtained by
sawing the coal-part of the core vertically in half and sending this half to the analytical
laboratory. The analyses are as follows:

Iron Post
As Received
moisture ash
1.90% 11.18%
Moisture Free
ash
11.39%
Moisture/ash free
Dry Wood
As Received
moisture ash
2.45% 31.77%
Moisture Free
ash
32.57%
Moisture/ash free

volatile matter
42.15%

volatile matter
42.96%

volatile matter
31.58%

volatile matter
32.37%

fixed carbon
44.77%

fixed carbon
45.65%

fixed carbon
34.20%

fixed carbon
35.06%

BTU/Ib
13,065

BTU/Ib
13,317

BTU/Ib
15,030

BTU/Ib
9,849

BTU/Ib
10,097

BTU/Ib
14,973

sulfur
5.86%

sulfur
5.97%

sulfur
6.16%

sulfur
6.31%



Rowe
As Received

moisture ash volatile matter fixed carbon BTU/Ib sulfur
2.88% 44.19% 20.64% 32.29% 7,452 2.26%
Moisture Free
ash volatile matter fixed carbon BTU/Ib sulfur
45.50% 21.25% 33.25% 7,673 2.33%
Moisture/ash free
BTU/b
14,079
Riverton
As Received
moisture ash volatile matter fixed carbon  BTU/Ib sulfur
2.87% 33.44% 26.71% 36.98% 9,468 10.34%
Moisture Free
ash volatile matter fixed carbon BTU/lb sulfur
34.43% 27.50% 38.07% 9,748 10.65%
Moisture/ash free
BTU/Ib
14,866

According to the BTU and fixed carbon analyses, all of the coals sampled can be
classified as high-volatile A bituminous coal.

Simple ashing of the Neutral sample at the Kansas Geological Survey was carried out in a
muffle furnace in which the samples were first weighed and then subjected to 110 °C
until their weight stabilized. This first firing approximates moisture content. A second
firing at 750 °C for three to four days essentially ashed the sample. Two crucibles of
sample were utilized for both the 110 °C and 750 °C firings. Each crucible was filled
with approximately 1.5 grams of pulverized material (i.e., < 0.0460" sieve size). Results
were accepted if the difference in weight loss for each sample was less than 2%.

unit depth moisture ash moisture-free ash
Neutral coal 766.7° 0.86% 26.69% 26.92%
Using the equation from McLennan and others (1995):

G.= Gpc (1-aq)

where:



G. = gas content, scf/ton
Gy = "pure coal", gas content, scf/ton
a4 = dry ash content, weight fraction

the gas content of the samples converts to:

unit depth moisture-free ash G, Gpe

Iron Post coal 382.00 11.39% 143.5 scf/ton  161.9 scf/ton
Dry Wood coal 630.0° 32.57% 87.4 scf/ton  129.6 scf/ton
Rowe coal 695.1° 45.50% 76.1 scf/ton  139.6 scf/ton
Neutral coal 766.7° 26.92% 69.3 scf/ton  94.8 scf/ton
Riverton coal 840.2 34.43% 62.5 scf/ton  95.3 scf/ton
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FIGURES, TABLES and APPENDICES
TABLE 1. Desorption measurements for samples.

FIGURE 1. Lost-gas graph for Iron Post coal 382°-383" depth

FIGURE 2. Lost-gas graph for Fleming coal 420’-421" depth.

FIGURE 3. Lost-gas graph for Dry Wood coal 630.4°-631.4° depth.

FIGURE 4. Lost-gas graph for Rowe coal 695.9°-696.5’ depth

FIGURE 5. Lost-gas graph for Neutral coal 766.7°-767.7 depth

FIGURE 6. Lost-gas graph for Riverton coal and shale at 840.2’-841.2" depth.

FIGURE 7. Desorption graph for all samples.

APPENDIX A. Core description.
APPENDIX B. Summary of tops and core photos.



















































Appendix A

Graphical and Verbal Descriptions of Core
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NAME COOPER CW-1 STRUCTURAL SETTING CHEROKEE BASIN
LOCATION SE SW SW 11-T35S-R18E DESCRIBED BY: JONATHAN LANGE
LITHOLOGY GRAIN SIZE AND STRUCTURES DESCRIPTION
o CARBONATES LITHOLOGY - Lithology DATE JANUARY 2003
- Col
E’ GN | PK | WKE |MUDST| Evap : - Cgrz;)., Cement, or Matrix UNIT: Cherokee Group
- Shi d Sorti
& coasmies 2 “Bedting PAGE 07 OF 30 PAGES
L!DJ = . £ - Sed. Structures
= £ 5 @ - = - Upper Contact
S |81 2 & I Z | 8 - Fossils REMARKS, INTERPRETATION
i 6 Iron Post Marker

Transgressive lag

Coal
- Black

- High sulfur content

- Well developed cleating o
- Calcite mincralization in cleats
- Sharp contact

Underclay

- Light gray

- Pedogenic

- Rooting

- Sharp contact
- Bioturbation

Flooding Surface]
Iron Post Coal

b = = = = = = = Exposurc Surface|
Paicosol

Sandstone

- Light to medium gray

- Siliccous to micaccous on
bottom

- Finc-grained, wcll sorted and
well rounded

- Thinly laminated

- Planar bedding and wavy
bedded on bottom foot

- Plant fragements

- Gradational contact

- Burrowed

Upper Squirrel Sandstone
Possibly a tidal splay

Loal

- == Flooding Surface
Bevier Coal

- Black

- High in sulfur and calcite
- Good cleating

- Sharp contact

Sandstone

- Light to medium gray

- Siliceous and micaccous

- Fine-grained, well sorted and
well rounded

- Thinly laminated

- Wavy Bedding

- Soft scdiment deformation at
398’

- Gradational contact

- Bioturbation

Lower Squirrel Sandstone
- Tidal influcnced







NAME COOPER CW-1 STRUCTURAL SETTING CHEROKEE BASIN
LOCATION SE SW SW 11-T35S-R18E DESCRIBED BY: JONATHAN LANGE
LITHOLOGY GRAIN SIZE AND STRUCTURES DESCRIPTION FEBRUARY 2003
= CARBONATES LITHOLOGY Einology DATE
E GN | PK | we AUDST] EVAP ; - Comp., Cement, or Matrix UNIT: Cherokee Group
CL T - Sh d Sorting
. sgt1es 2 “Bedding PAGE 09 OF 30 PAGES
LS = © ) - Sed. Structures
= g 3 - I - N - Upper Contact
‘5__ st & | &) - Fossils REMARKS, INTERPRETATION
—~ BleckShaly . _ __ [Fleming marker ing surf:
-1 Coal Fleming Coal Flooding surface
— - Black
N }\ sasanusessesuunennancafeusannennnsnns Exposurc surface
}\ | | l - Wcll developed Palcosol
— | | I I - High sulfur content
_ <§ l I I - Gradational contact
- I I | | | | | Underclay
. b | | I l - Mcdium gray
] “ | l I - Poorly dcveloped
I | | | - Pcdogenic
- < | I I - Sidcrite nodules
425— “ l | ' l | - Sharp contact
B I | I | 28| - Bioturbated
| Sandstone Tidal deposits - Inner estuarine
- Light brown - Incised valley fill
7 _ Siliceous and micaccous - Possible sequence boundary at
— - Fine-grained, well sorted, and bottom of sand
well rounded
- Thinly laminatcd
-1 - Wavy to lenticular bedded
— - Gradational contact
_ - Soft sediment deformation at
432’
430— - Sideritc nodules
_ - Bioturbated
435—
- Shale Offshore transition
- i) - - Dark gray - Shoaling upward
— — T 7 71 |- Micaceous
29] -
- ana vvuuiig
] «® = - Gradational contact
- = || |-Sidcritc
D@ T - Non-fossilifcrous










NAME COOPER CW-1 STRUCTURAL SETTING CHEROKEE BASIN
LOCATION “TTW SW -7 7-RICT DESCRIBED BY: JONATHAN LANGE
LITHOI NIV D ATN QI70 AN Q"T‘D] MTIID IES DESCRIPTION
~ - ~Lithology DATE _ FEBRUARY 2003
e CARDUINAL LD L1ILHULOGY _ Color
-t GN | PK | WKE IMUDST| EVAP z - Comp., Cement, or Matrix UNIT: Cherokee Group
- Sh d Sorti
= Ceasres 2 “Bedding PAGE 12 OF 30 PAGES
g = - & - Sed. Structures
= 4] 2 o — - Upper Contact
) S| 3] E l A - Fossils REMARKS, INTERPRETATION
_ Shale, same as above Scammon marker
g B aale Olala 03 ¥ 21 l
3 ] = = -T-rdn'sgesﬂc = .= Flooding surface
- Underclay Paleosol Exposurc surfacc
] - Light gray
— - Pedogenic The Scammon Coal is absent in this
— - Rooting and plant fragments location
- Sharp contact
n - Siderite and claiche nodules
— - Bioturbated
n Sandstone Skinner/Chealsea Sandstone
- Light brown
490~ - Silliccous with micaecous Bay head delta - upper estuarine
- larr.unac . . - Inciscd valley fill
- Finc to medium-grained, well - Bimodal flow
= roun}‘lcd, and Wcll sortcd - Tidalites
- - Thickly lammatcd - Scquence boundary on bottom of sand
] - Wavy, lenitcular and planar
| bedded
-1 - Bimodal crossbedding
— - Siderite crystals
- Gradational contact
T - Slightly bioturbated, passively
—] filled horizontal burrows
495—




CHEROKEE BASIN

JONATHAN LANGE

NAME COOPER CW-1 STRUCTURAL SETTING
LOCATION SE SW SW 11-T35S8-R18E DESCRIBED BY:
LITHOLOGY GRAIN SIZE AND STRUCTURES DESCRIPTION
e CARBONATES LITHOLOGY Coogy
S [ oN | Pk | WKE |IMUDST| EVAP ; - Comp., Cement, or Matrix
E CLASTICS o - Shape and Sorting
] Sand ® - Bedding
o - > E - Sed. Structures
= | 8. 3 @ — ey - Upper Contact
= = =7 | = | = - Fossils
~ <
— <
7 =
e 33
- <

Shale

- Brown from 505°-514’. And
dark gray from 514°-523’

- Micaccous with some silica
laminac

- Thinly laminated

- Planar bedding

- Sidcrite nodules

- Gradational contact

- Slightly bioturbated

34

DATE  FEBRUARY 2003

UNIT: Cherokee Group
PAGE 13 OF 30 PAGES

REMARKS, INTEP PP rATrons

= = = = = « Exposurcsurfacc

Offshore transition
- Shoaling upward




NAME COOPER CW-1 STRUCTURALS... ....G CHEROKEE BASIN
LOCATION SE SW SW 11-T355-R18E DESCRIBED BY: JONATHAN LANGE
| LIT= 9GY GRAIN SIZE AND STRUCTURES DESCRIPTION FEBRUARY 2003
- CARBONATES LITHOLOGY - Caotogy DATE
E GN | PK | WKE IMUDST| EVAP : - Comp., Cement, or Matrix UNIT: Cherokee Group
CLASTICS - Sh d Sorti
B Sand 8 - Befi[(ﬁnagn o PAGE 14 OF 30 PAGES
L'DJ ] - £ - Sed. Structures
= | & =] ° - 2 - Upper Contact
= Sl1=2] E| & =] - Fossils REMARKS, INTERPRETATION |
=\"_"_T_T Shalc, samc as above
- | — — —
il |
| |- — — —34
] @ | ————
— =| - — — Blagk Shale Tebo marker
| P |__{- Micaccous
- Thinly laminatcd
- Planar bedding
_ - Slightly phosphatic
, = - Gradational
525 — - Brachiopod fragments
. A4 T T T T T | TheToa = Flooding surfacc
}\ Coal = « « = = = = = «|JeboCoal = «Exposure surface
S | I | - Well developed cleating
-1 | | | | - Low mincralization
-] & | | | - Sharp contact
>\ | | I | - Good gas show
g | I | | I | | Underclay Paleosol
# I | | - Light gray
-1 | | I | - Pedogenic
— }\ I | | - Rooting
& | I I | - Siderite, and pyritc nodules
7] § l | | - Sharp contact
530— | I I | - Bioturbated
- e
_ |
>\ - Shallow marinc, probably a muddy
7] — Shale tidal flat tal plai
] - - Medium gray, lightens upward 1dal lat or coastal plamn
S —_ - Micaceous
] - - Thinly laminated
— }\ — - Wavy cross ripplc lamina and
_ S - planar in upper portion
== — - Ripple cross-laminatcd
— }\ i - Rooting and plant fragments
- S — - Gradational contact
=|_— - Bioturbatcd and
535-— o0
N | — — — non-fossiliferous
] N~ — = —
| = — - -
] A i B
A - '
— = |36
. =











































NAME COOPER CW-1 STRUCTURAL SETTING CHEROKEE BASIN
LOCATION SE SW SW 11-T35S-R18E DESCRIBED BY: JONATHAN LANGE
LI HULUG Y GKAIN DIZE AND STRUCTURES DESCRIPTION
o - Lithology DATE __MARCH 2003
E CARBONATES LITHOLOGY - Color
= GN | PK | WKE [MUDST] EVAP :: - Comp., Cement, or Matrix UNIT: Cherokee Group
- Sh d Sorti
= coasmes g “Beddmg PAGE 28 OF 30 PAGES
é’ v =} - Sed. Structures
= % =2 w « e - Upper Contact
5 | 812 & | = | =  Fossils REMARKS, INTERPRETATION
N % T Shalc, samc as above
@ |= — — —
] =|— — — =53
805~—
- =
— 6 S . _I: Transgressive lag
] —:—_—:— Ty — — = === = - Flooding surfacc
] T = | pescesssssmssansaannssalsseenanesaseass Exposure surface
7] )\ | | | Undcrelay Palcosol
— H |11} | Lignt gray
I | | - Pedogenic
] ’ I | I | - Slightly laminatcd between
— “ l | | 809’ - 811°
. § | | I | - Slickensides
S | | | - Siderite nodules
810— e I I | | - Rooting and plant fragments
— “ I I l - Sharp contact
_ S I l I l 54|- Bioturbatcd
- P’ T Shale Central basin - middle estuarine
——— - Dark gray - Low tracc fossil diversity indicates
] - - Micaccous a stressed environment
- ——— — - Thinly laminated
| T - Lenticular and planar bedded
|- — — - Soft sediment deformation
- ’L “__"_ T _| |- Gradational contact
—] _—— = — - Passively filled horizontal
i =) T burrows, Planolites montanus?
815~ .
] NS - — - —
©| T - T
- |
—] < —_— — -
— D _—— = S
—| < @ | — |55
- 7 — — == == == = om|== == = — = Flooding surface
ol - — — |







NAME

LOCATION

COOPER CW-]

SE SW SW 11-T35S-R18E

STRUCTURAL SETTING

CHEROKEE BASIN

DESCRIBED BY:

JONATHAN LANGE

LITHOLOGY GRAIN S1ZE AND STRUCTURES

GN | PK | WKE

CARBONATES

|MUDST| EVAP

DEPTH (FT)

ravel

Jarse

CLASTICS
Sand

edium

lay

LITHOLOGY

BOX #

DESCRIPTION

- Lithology

- Color

- Comp., Cement, or Matrix
- Shape and Sorting

- Bedding

- Sed. Structures

- Upper Contact

- Fossils

DATE  MARCH 2003
UNIT: Cherokee Group

PAGE 30 OF 30 PAGES

REMARKS, INTERPRETATION

Q

0303 &L= =

56

57

el ez

Coal

- Coal partings

- Poorly developed cleats
- Calcite mineralization

- Gas show

Underclay

- Light gray

- Carbonaccous

- Pedogenic

- Slickensides

- Some laminations on bottom
- Plant fragments

- Sharp contact

- Bioturbated

Shale

- Light gray to black

- Micaccous

- Lenticular to planar bedded
- Starved wave ripples

- Pyrite

- Slickensides

- Gradational

- Burrowed

o - - - - - - - L] - - -
Limestone

- Gray

- Calcarcous

- Thinly bedded

- Heavily wcathered

- Vuggy and fractured
- Dissolution breccia
- Cher nodules

- Pyrite

- Sharp contact

- Non-fossiliferous

- Oil stainsﬂ

Riverton Coal

= Flooding surfacc

« ax an @ ar ws = e Exposure surface
Paleosol

Crevasse splay
- Possibly a tidal splay
- Very organic rich

== == == = = Flooding surface
Exposure surface

Salt water marsh
- swampy cnvironment

Mississippian/Pennsylvanian
" ®  Unconformity
Mississippian Limestone

- Karstic

Bottom of cure




Appendix B

Formation Tops and Core Photos



Company: Kansas Geological Survey

Well: Cooper CW-1

County: Labette State: Kansas

Location: 125° FSL & 1320’ FWL SE-SW-SW 11-T35S-R18E

Formation Tops Depth (md) Box #1
Bandera Shale 22’ 01-09
Pawnee Limestone 150° 09-11
Anna Shale 178’ 11-12
Peru Sandstone 185’ 12-17
Fort Scott 262’ 17-22
Higginsville Limestone 262’ 17-19
Little Osage Shale 300° 19-20
Black Jack Creek Limestone 305’ 20-22
Excello Shale 340° 22-23
Cherokee Group 350° ~3-57
Brezzy Hill Limestone 350° 23-24
IP coal 382’ 25
Upper Squirrel Sandstone 387 25
Bevier coal 393’ 26
Lower Squirrel Sandstone 394’ 26
Verdigris 406’ 27
V-Shale 410° 27
Fleming coal 4200 28
Mineral coal 464° 31
Scammon coal 485’ 32
Skinner Sandstone 489’ 32-33
Tebo coal 525’ 35
Bartlesville Sandstone 597 40-41
Drywood coal 630’ 42
Rowe coal 696’ 46
Neutral coal 767° 51
Warner Sandstone 821’ 55
Riverton coal 840’ 56

Mississippian 853’ 57

































































































































