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INDIVIDUAL WELL REPORT
FROM THE PROGRAM ON

CHARACTERIZATION AND ANALYSIS OF
DEVONIAN SHALES AS RELATED TO
RELEASE OF GASEQUS HYDROCARBONS
WELL T-1 EFFINGHAM COUNTY, ILLINOIS
by
R. §. Kalyoncu, J. P. Bover,
and M. J. Sayder

INTRODUCTION AND SUMMARY

Partial data on characterization of shales from T-1 (Effingham 4
County, Illinois) were presented in the Fifth Quarterly Technical Prograss
Report on the Characterization of Devonian Shales to DOE/METC (ORO-3203).
This individual well report presents and discusses the total characterization
data on the T-1 well. ‘

Coring of T-1 shales was accomplished in February 1977. A total
of 31 core samples were collected; 13 for Battelle and 18 for other DOE
contractors. The coring was made between depths of 3006 and 3106 feect.

Gas analysis data show a striking difference from other wells in that
aitrogen~to-oxygen ratios remain at values comparable to that of air.
his observation may have an important bearing on the possible microbial
activity in the shale, or lack of it.

Total carbon contents in the shale is higher than zas analysis
might otherwisa indicate. One-to-one relationships between hydrocarbon gzas
contents and chemical analysis are apparent.

Among the physical characterization data reported are densities
(bulk and true), surface area, and porosities (both measured with Hg-intrusion
technique and calculated from the density data). Bulk densities are inversely
relatad to carbon and hydrogen contents.

Lithology of T-1 shales does not significantly differ from those of
other locations. These shales 2xnibit moderate illita contents with detectadle

amounts of kaolin minerals. Total carbonate is very low with shortice Seing
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the only significant carbonate mineral. Although no pyrite was observed
with XRD studies appreciable amounts of pyrite grains were observed in

the powdered samples under the petrographic microscope.
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OBJECTIVE AND SCOPE

The objective of this program is to determine cae relationships
between shale characteristic, hydrocarbon gas content, and well location
to provide a sound basis for defining the productive capacity of the
Eastern Devonian shale deposits and for guiding research, development,
and demonstration projects to enhance the recovery of natural gas from
the shale deposits. The program includes a number of elemental tasks as
a part of the Resource Inventory and Shale Characterization subprojects
of DOE's Eastern Gas Shales Project and is designed to provide a wide
variety of support data for that project.

A large number of core samples of gas bearing Eastern Devonian
shale will have been examined by the end of the program. After the

characterization data for individual wells have been compilad, attempts

will be made to establish the intarrelationships between the shale characteristics,

the hydrocarbon gas content, and well locations from which the samples were
obtained, employing the Automatic Interaction Detection (AID) Analysis.

The following tasks comprise the total efforts in this research

program:
Task Descriptive Title
1 Core Sampling
2 Gas Contant and Gas Release Kinetics
3 Chemical Characterization of Shals

Physical Characterization of Shale

Lithology of Shale

[« AUV B

Data Interpretation and Correlation

Task 1. Core Sampling

Well T-1 (Effingham County, Illinois) shales were cored in
February 1977. A total of 31 core samples were collected; 13 for Battelle
and 18 for other DOE contractors. Six barrels of shale core weres obtained.
The coring was made between depths of 3006 and 3106 feet. Additional well

and field sampling data on T-l shales are summarized in Tables 1 and 2.

Figure 1 depicts on-surface times for the T-l shales.
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Task 2. Gas Contents and Release Rates

The initial gas rzlease data on T-1 shales are summarized in
Table 3. Data include hydrocarbon gases, C] through C5, nitrogen, oxygen
and carbondioxide, all of which accumulate in the free space surrounding
the shale samples inside the canisters. Table 4 shows statistical
parameters on data in Table 3.

The most significant feature of Table 3, other than low hydrocarbon
gas content, is the very high oxygen countent compared to all the other
wells examined to-date.’ It should be pointed out once again that a
potential significance was attached to high nitrogen-to-oxygen ratios as
determined by the gas analysis.

There is sufficient evidence from the initial gas data to
believe that oxygen disappearance is more significant in the presence of
higher hydrocarbon gas contents.

Possible explanations, such as preferential adsorption of oxygen,
microbial activity, etc., were given for the disappearance of oxygen.

The phenomenon/or phenomena giving rise to oxygen consumption in the sealed
canisters may have potential significance in assessing the potencial éas
content of the Devonian shales in the present or in the future. This

question should be addrassed in detail.

Task 3. Chemical Charac:tarization

Total carbon, hydrogen, and nitrogen values are summarized in
Table 5. Carbon values are charactarized by a large scatter, ranging {rom
1.1 to 9.5 percent by weight of shala. The scatter in hydrogen values is not
as great with values between 0.4 and 1.4 percent by weight of shale.

Figures 3 and 4 demonstrate the change in carbon and hydrogan
contents with shale depth. 1In both cases, two distinct zomes of increasing
carbon (and hydrogen) contents with depth can be identified. H/C atomic
ratios remain relatively constant as illustrated in Figurz 3. An increase
in hydrocarbon gas countent with increasiag carbon and 2ydrogen contents is

quite apparent in Figures 6 and 7.

BATTELLE — CQOQLUMBUS
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Task 4. Physical Characterization Data

Some of the physical charactarization data determined ares
summarized in Table 6. These are bulk demnsity, open and total porosities,
and surface areas. Statistical parametars on these data are presentad in
Table 7. The bulk density values range from 2.39 to 2.60 with a mean value
of 2.49 g/cc. Total porosity values, calculated from the density data,
vary from 1.0 tp 8.7 percent with a mean value of 4.64 percent. The
surface areas range between 2.1 and 10.1 m2/g with 5.6 m2/g mean value.

The porosities of T-1 shales wera also measured employing the
mercury intrusion technique. Values obtained with this method are presented
in Table 8. The porosity data from two different means (calculated from
the density data and measured with mercury intrusion tachnique) agree
reasonably well. _

Helium permeability measurements were made on all T-1 shale
samples. Table 9 depicts the findings. Zero permeabilites were recorded
after no measurable quantity of gas permeated through 1/4-inch-thick
cylindrical shale specimens in 15 hours at 1 atmospheras pressure gradienc.

Several one-to-one correlatioms beé@een the bulik densities and
various other data are depicted inm Figures 8 through 10. The inverse
relationship between bulk density and chemical characterization data (carbon
and hydrogen contents) are especially pronounced.

Total mercury iatrusion porosity data on T-~l shales are prasented

in Appendix A.

Task 5. Shale Lithology

X-ray diffraction patterns were obtained of five T-1 shale
specimens. These shales exhibit moderate illite contents with detectable
amounts of kaolin minerals. Large quartz contents are apparent. Shortite
is the major carbonats minerals but the teotal amount of carbonate minerals
is minor. Yo pyrite has been observed in T-l shales througn X-ray diffraction
analysis. Relative mineral analysis as determined from the XRD data are

summarized in Table 10.
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SEM/EDAX studies weras made of two T-1 shale samples. Both
of the samples examined contain siginficant amounts of illites, quartz, and
carbonate minerals. Also appreciable numbers of pyrite grains were observed
in the powderad samples which went undetectad in X-ray diffraction analysis.
EDAX data on two samples and illite, pyrite, and quartz grains are summarized

in Table l1.

Figures 11 and 12 present SEM microphotographs of two T-1 shales

examined.

Task 6. Data Interoratation and Correlaticn

Due to very low gas contents in these shales no significant interpre-
tation of the characterization data could be made in terms of hydrocarbon gzas

contents.

BATTELLE — CQLUMBUS
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TABLE 8. MERCURY INTRUSION POROSITY VALUES

FOR WELL T-1

Sequence Sample I. D. Porosity,

Number Number Percent
1 T-1-3012 3.25
2 -3022 3.50
3 -3043 3.25
4 -3051 3.50
5 -3056 3.75
6 -3063 4.25
7 -30673 4.50
8 - =3074 4.00
9 -3080 4.00
10 ' -30803 4.30
11 -3086 4.50
12 -30943 3.00
13 -3099 3.25
14 -31063 3.50
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TABLE 9. PERMEASILITY VALUES IN MILLIDARCY

Direction of Flow

Sample I. D. Relative to Permeabilitias,
Number Badding ?lanes md Comments
T-1-3012 vert. Q
T-1-3043 vert. 0
T-1-3051 vert. 0
T-1-3056 vert. 1.8 x 1077
T-1-3063 vert. 1.4 x 1073 Surface fracturas
T-1-3067 vert. 0
T-1-3074 vert. 0
T-1-3080 vert. 0
T-1-3086 vers. 1 x 1075
T-1-3094 vert. 4.6 x 1076
T-1-3099% vert.

T-1-3100 - vert. 0
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