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INDIVIDUAL WELL REPORT
FROM THE PROGRAM ON

CHARACTERIZATION AND ANALYSIS OF

DEVONIAN SHALES AS RELATED TO

RELEASE OF GASEOUS HYDROCARBONS

WELL P-1 SULLIVAN COUNTY,INDIANA
by

R. §. Kalyoncu, J. P. Boyer
and M, J. Sayder

INTRODUCTION AND SUMMARY

Partial data on the characterization of shales from Well
P-1 (Sullivan County, Indiana) were presented in the Fifth Quarterly
Technical Progress Report on The Characterization of Devonian Shale
. to DOE/METC (ORC-5205). This individual well report presents and

discusses the total characterization data available on P-1 shales.

Coring of the shale samples were accomplished in September,
1976. A total of 17 samples were obtained: 11 for Battells and six

for other DOE concractors.

P~1 weil exhibitad ralatively aigh hydrocarbcn gas conrents
comparad tc other wells. Aiverage hydrocarbon g2as coatents surrounding
the Ifree space in che canistars is about 51 nercent of the torcal
gases (including air). Methane and ethane make up the bulk of cotal

nvdrocarbons.
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OBJECTIVE AND SCOPE

The objective of this program is to determine the relatiomships
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 compiled, attempts
will be made to establish the interrelationships between the shale charact-
eristics, the hydrocarbon gas content, and well locatioms from which the

samples were obtained, employving 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 Content and Gas Release Kinetics

3 Chemical Characterization of Shale

4 Physical Characterization of Shale

5 Lithology of Shale

8 Data Interpretation and Correlatien

BATTELLE -~ COLUMBUS
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A. ANALYSIS AND DISCUSSION OF THE CHARACTERIZATION DATA

Detailed descriptions of the éxperimental procedures employed
in the execution of the elemental tasks described were reported in the
Appendix of the Fifth Quarterly Technical Progress Report (OR0-5205-3)
submitted to U.S./DOE in January 1978.

Task 1. Core Sampling

Well P-1 shales (Sullivan County, Indiana) were cored in
September, 1976. A total of 17 samples were collected; 11 for Battelle
and 6 for other DOE contractors. Two barrels of shale core were collected.
Additional information and field sampling data (color, on-surface time)
dre summarized in Tables 1 and 2. Figure 1 shows on-surface times for

the 1l P-1 ccred shale samples.

Task 2. Gas Contents and Release Rates

Initial gas release data onm the P-1 well are summarized in
Table 3. MNata include hydrocarbon gases, Cy through C3, nitrogem, oxygen,
and carbondioxide, all of which accumulate in the free svace surrounding
the shale samples inside the canisters. Methane and ethane make up the
bulk of the total hydrocarbon gas contents. Average aydrccarbon gas
content for the well is 6C.6 percent with upper and lower limits being
68 and 33 percent, respectively. Table 4 depicts the pertinent
statistical parameters Of the gas znalysis data.

dydrccarbon gas contents dc not show any particular crend with

shale depth as shown in Figure 2.

Task 3. Caemical Characcerization Data

Tocal carbonm, a7drogen and aitrtogen (C-#-Y' values ire reportad

-

in Tabl2 3. Carhom coatenzs range “rom .8 o 11.3 perzanc and ivdrogen

5

values vary detween 0.5 and 1.3 perczent 5v weight of

. . -
18L38 . ~v2rage

n

values are 5.2 and 5.9 terzent for carborn ind aydrogen comtants, raspectively.
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Figures 3 through 5 analyze the chemical data as a function of
shale depth. An apparent decrease in carbon contents with shale depth
is observgd in Figure 3. A similar pattern is also somewhat apparent in
Figure 4 where hydrogen contents as a function of depth are plotted.

Hydrocarbon gas contents as a function of carbon and hydrogen
contents are presented in Figures 6 and 7, respecitvely. As evident in
these figures, hydrocarbon gas contents increase with increasing carbon

and hydrogen contents.

Task 4. Summary of Physical Characterization Data

Density, porosgity (calculated from the density data) and surface
areas for P-1 shales are tabulated in Table 6. Table 7 presents the
pertintent statistical data on the physical characterization results.

P-1 shales show an average bulk density of 2.48 with upper and lower values
2.55 and 2.40 g/cc, respectively. Total porosities average 3.32 percent,
ranging between 2.24 and 4.40 volume percent. Surface area values are
scattered between the values 1.21 and 7.33 mz/g with an average value of
5.13 mz/g.

In Figures 8 through 10 hydrocarbon gas, carbon and hyérogen
contents are shown as a function of shale bulk density. Inverse relation-
ships between >ulk density and aydrocarbon gas, carbon and hydrcgen
contents are depicted in these figures. Porosities were also measurad of
P-1 shales emploving the Tercury latrusion porosimetry tachnique. Values
depicted in Table 8 range from 1.86 to 9.34 percent by bdulk volume of shale.
Jetailed analysis rasul:zs on the mercury intrusion perositias arz osresented
in Appendix A.

Gas permeability measurements on the P—; shale samples

showed no measurable permeability values for these shales.

Task 5. Shale Lithologv

Two P-1 shale samplas were examined with the 3ZM/ZDAX and the
Jetrographic microscone. Zoth were high in illita content and coatained
fair quanci:ies of gquar:zz; zhe Jdiffersnce between the two 2eizg 1 some-

what different ratio of juartz-to-illice contents. Zvriza was rszlatively
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scarce in these samples. Small, but significant, amounts of carbonate
minerals were observed. EDAX analysis support the microscopic observations.
Figures 11 and 12 are SEM microphotographs of two P-1 shales.

X-ray diffraction (XRD) patterns on four shale specimens were
obtained. Quanrtitative analysis on these diffraction patterns confirm

the SEM/EDAX findings. XRD results on four samples studied are shown in
Table 9.

Task 6. Data Interpretation

Due to the small anumber of samples taken from this well (ll core
specimens) the full capabilities of the Automatic Ianteraction Detection
(A.I.D.) program could normally not be utilized. The important capability
of this program is that it can identify multiple relatiomships between
groups of variables without assuming any particular model. This, then,
becomes a powerful tool for identifying the variable or group of variables
that are most important in predicting the behavior of other variables of
interest, such as the gas content of Devonian shals.

The basic principle of the orogram is that the data available on
the variable of interest (the criterion) are splic into two groups iIn such
a fashion as tc achiave the lowest total variability within each group. This
is done for each possibla predictor variable. In this manner rhe nredicrtor
variable producing cthe greatest reduczion in zhe inicial data variapilicy
15 identified and che zriterion data will e 30 splic. The process is
repeated on the two new 3Zroups. However, Seczuse of the small aumber of
samplas more chan ome split of the dara woull be meaningless in this case.
The program is usaful, however, to compare e relative merit of various
7arlazbles as to their importance is porencial oradicrors.

Tablza 13 snows zhe relacive aff
credzzzors for several cricarion variablas of fatarest. AS can be seen
there was lictls wirs.og dats availablae onlv che 3irdwell Zlaccriz Log)

=0 evaluata. The wiral:og data showed a small legree of userfulness in
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predicting gas per unit volume of shale. The wirelog information does
correlate well with the density of the material. The ultimate usefulness
of these correlations is questionable, however, as the density does not
correlate in a good fashion with the gas data. As might be expected there
is fair correlation between density and total carbon and hydrogen. As

was observed in other wells, a simple relationship between porosity and
gas contents is not evident and this points again to the need for the
development of greater understanding of how gas is held and transported in

these systems.
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TABLE 8. MERCURY INTRUSION POROSITY FOR

P-1 SHALES
Sequence Sample Porosity,
No. I. D. Wo. Vol.,Percent
1 P-1-2495 9.54
2 -2505 1.86
3 -2515 3.98
4 -2528 4.24
5 -2536 4.25
6 -2547 5.04
7 -2554 2.39
8 -2565 3.98
9 -2578 4.77
10 -2585 4.24
11 -2595 3.45
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FIGURE 11. SEM MICROGRAPH OF P-1-2495
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