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RELEASE OF GASEOUS HYDROCARBONS
WELL R-109 WASHINGTON COUNTY, OHIO
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R. S. Kalyoncu, J. P. Boyer,
and M. J. Snyder

INTRODUCTION AND SUMMARY

Coring of Well R-109 (Washington County, Ohio) was accomplished
in August 1976. A total of 25 samples were collected, all for Battelle.

Hydrocarbon gas analyses indicate that higher chain hydrocarbon
gases (CZ-CS) make up a significant portion of total hydrocarbons in the
shales, but methane is still the dominant single gas.

Distinct relationships exist between the carbon and hyvdrocarbon
gas contents, showing increase in hydrocarbon gas contents with increasing
carbon. Similar relationships between hydrogen and hydrocarbon gas
contents exist, though they are not as pronounced. Gas contents appear
not to be related to the bulk densities in any quantitative manner,
though organic contents (carbon and hydrogen) seem to be related to bulk
density values much more clearly.

R-109 shales are virtually impermeable to gases and other
fluids, as attempted helium gas permeability measurements indicated

extremely small (<lO-12 Darcy) permeability values.
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OBJECTIVE AND SCOPE

The objective of this program is to determine the relationships
between shale characteristic, hydrocarbon gas content, and well location
to provide a sound basis for defining tﬁe productive capacity of the
Eagtern 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 Iﬁventoty 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
characteristics, the hydrocarbon gas content, and well locations from
which the samples were obtained, employing the Automatic Interactiom
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
6 Data Interpretation and Correlation
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ANALYSIS AND DISCUSSION OF THE CHARACTERIZATION DATA

Detailed descriptions of the experimental procedures employed
in the execution of the elemental tasks described were reported in the
Appendix of the Fifth Quarterly Technical Progress Report (OR0-5205-5)
submitted to U.S./DOE in January 1978.

Task 1. Core Sampling

The coring of R-109 shales was performed in August 1976, A total
of 25 samples was collected, all for Battelle. Total coring was
accomplished in four barrels. Pertinent well and field sampling data are
presented in Tables 1 and 2, respectively. Figure 1l depicts the on-surface
time of R-109 shales.

Task 2. Gas Content and Gas Release Kinetics

"Free" gas analysis results on Well R-109 are tabulated ip
Table 3. Higher chain hydrocarbons make up a significant portion of the
total hydrocarbon gas in these shales, but methane is still the dominant
single hydrocérbon gas in the system.

Statistical parameters for the hydrocarbon gas data are given
in Table 4. Total hydrocarbon contents show a mean value of 60 percent
with upper and lower limits of 70.5 and 49.6 percent, respectively. No
discernable relationship is seen between the hydrocarbon gas values and

sample depth, illustrated in Figure 2.

Task 3. Chemical Characterization Data

Total carbon, hydorgen, and nitrogen values are reported in
Table 5. Carbon values vary between 0.4 and 5.0 percent by weight of
shale, whereas the hydrogen values show less scatter from 0.5 to 0.7
percent by weight of shale. In Figures 3 through 3, variation in chemical

characterization data with sample depth are plotted. As seen in Figure 3,
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carbon contents tend to increase with increasing sample depth. Similar
relationships between the hydrogen and depth (Figure 4) is not as
distinet. H/C atomic ratios almost remain constant with sample depth.
Figures 6 and 7 relate the carbon and hydrogen contents to
natural gas contents, respectively. A general increase in natural gas
contents with carbon is apparent, though the data are somewhat scattered

in Figure 6. Such a relationship between the hydrogen and natural gas

contents is less apparent (Figure 7).

Task 4. Summary of Physical Characterization Data

Among the physical characteristics of R-109 shales, density,
porosity (from the density data), and surface area values are tabulated
in Table 6. These shales exhibit particularly high bulk densities as
reflected in the low porosity values calculated. Surface area values are
also somewhat higher than those shales from other locations. Higher
density and surface area values would indicate low organic content and
high clay mineral contents in these shales. Some of the statistical
parameters on‘densi;y, porosity, and surface area data are given in
Table 7. These shales exhibit a mean bulk density value of 2.68 and
true density of 2.71, which would translate into average porosity value
of 2.3 percent.

Relationships between the bulk density and natural gas, carbon
and hydrogen contents are illustrated in Figures 8 through 10. Natural
gas contents appear to be independent of bulk density values, though, on
an expanded density scale, a somewhat inverse relationship might be
noticeable (Figure 8). Such inverse relationship‘is much more pronounced
between the bulk density and carbon and hydrogen coutents as evidenced in
Figures 9 and 10.

Porosities on all R-109 samples were also determined with the
mercury intrusion method. These values are depicted in Table 8.

Five R-109 shale samples were used in the determination of gas
permeabilities. No measurable permeabilities were found in the direction

perpendicular to the bedding planes in these shales.
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Task 5. Lithology of R-109 Shales

X-ray diffraction, SEM/EDAX and the petrographic microscope
were employed in the study of the shale lithology. XRD patterns of about
half the R-109 shales were obtained. As evidenced in the XRD patterms,
these shales seem to be rich in illite. Kaolin minerals and chlorite are
also detectable as other clay minerals. Quartz is still the major single
mineral phase, but in somewhat lesser quantities than shales from other
locations. Carbonate minerals, such as nahcolite, shortite, and calcite
have been observed in moderate quantities. Albite is the representative
feldspar mineral. Some pyrite is also present. XRD data are presented
in Table 9.

Three R-109 shale samples were studied by SEM/EDAX and the
petrographic microscope. Of the three samples examined, the high degree
of opacity of one sample, due to staining, prevented microscopic identifi-
cation and quantity estimation of its mineral constituents. All the
minerals identified by X-rays were found to be present in the others.

Figures 12 through 14 are SEM microphotographs of three R-109 samples.

Task 6. Data Interpretation and Correlation

Effective use of the Automatic Interaction Detection (AID)
program was hampered by both the paucity of wirelog data and the small
number of samples. The data available were used to evaluate the usefulness
of the wirelog information in explaining the observed variability in the
laboratory data. The results of these analyses are summarized in Figure 15.

As Figure 15 shows, the twenty samples are sufficient to split
twice (three final groups). Each split is shown and the effectiveness of
each potential predictor is listed. The results show very good comparison
between the wirelog porosity and the laboratory bulk and apparent densities.
That this correlation does not hold true for the true density is somewhat
surprising. The results also indicate a moderately good correlation

between the electrical wirelog data and the hydrocarben gas contents,
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the bulk density/porosity and gas/volume of shale. It is also apparent

from these results that the gamma ray is not a good predictor and that the
classical correlation with depth is not strong in this well.
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TABLE 8. MERCURY INTRUSION POROSIMETRY RESULIS
FOR WELL R-109

SEQUENCE SAMPLE . POROSITY,
NO. L.D. Vol. %
1 R-109-3494 5.04
2 R-109-3506 5.064
3 R-109-3516 4.51
4 R-109-3526 4.51
5 R-109-3536 5.30
6 R-109-3545 5.04
7 R-109-3555 5.30
8 R-109-3564 6.10
9 R-109-3575 4.24
10 R-109-3585 3.71
11 R-109-3593 4.24
12 R-109-3605 2.92
13 R-109-36064A 4.51
14 R-109-3606B 2.92
15 R-109-3616 5.30
16 R-109-3626 5.37
17 R-109-3634 5.63
18 R-109-3644A 3.98 .

19 R-109-3644 6.10
20 R-109-3665 3.98
21 R-109-3675 6.10
22 R-109-3685 4.51
23 R-109-3698 5.04
24 R-109-3705 5.30
25 R-109-3711 5.04
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FIGURE 13.
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SEM MICROGRAPH OF R-109-3665
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MERCURY INTRUSION POROSITY DATA FOR WELL R-109
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